26 JANUARY 2007 -1 HEAD SUSPENSI ON FOR DI SK- BASED DATA STORAGE APPARATUS
Techni cal ‘Field 5 The present invention generally relates to dag3aNUARAOE07
apparatus and particularly relates to a head suspensions for disk-based
dat a st orage apparatus. Background of t-he-Invention 10 Conventi onal

di sk- based data storage apparatus conprises a rotatable data storage disk
and a head suspension supporting a read/wite head for generally radial
novenent across the surface of the disk. In operation, the head "flies"

over the rotgph0p ASEERRIGRIPFOROPISKB KSEDISETA STORA GEHPPARATHS! 9ap.
The thi cknes U y refer yi ght" of

the head. Continuing advances in digital data recording onto disk are

achi eving increasing data 15 recording densities. However, increased data

r ecor di dgchnécadiFidlés demand corresponding reductions in spacing between the
head and di sk. The reduced flying height of the head, in turn, denmands

i ncreased stability in the head-di sk spacing. It would be desirable

t her e§0rrge bR ANV RBioR geh@hRY rlRbytof died stande RpSHhMs BRSArtiEMEN]$ BNSRE (Y St em
for neasuring the spacing between disk and the head. 20 Summary of the

| nvent i bead suspensiond dorobsinbadedidat speregespparatvent i on, there is now provi ded a
head suspension for naintaining a gap between a read-wite head and a data
storage di sk, the head suspension 25 conprising: a heater for heating gas in

the gapp.andodhS&NELInVeRliogenerating an output indicative of the thickness

of the gap, € sensor generating the output in dependence on thernal

conduct ance across the gap. Heat fromthe heater is transferred through the

gap fromthe se . The disk acts as a

heat 18i @@n&@r@@p&iﬁ%&é&h@%ﬁ%@%«%’ M@F%ﬁ%ﬁgg E%g&%faﬂegﬁwe%%raa? diskengjay
head suspension supporting a read/write head for generally radial movement across the surface
of the disk. In operation, the head “flies” over the rotating disk spaced from the surface of the
disk by an air gap. The thickness of the gap is usually referred to as the “flying height” of the -
head. Continuing advances in digital data recording onto disk are achieving increasing data

15 recording densities. However, increased data recording densities demand corresponding

reductions in spacing between the head and disk. The reduced flying height of the head, in turn,
demands increased stability in the head-disk spacing. It would be desirable therefore to provide a
relatively fast and highly sensitive sensor system for measuring the spacing between disk and the

head.
20

Summary of the Invention

In accordance with the present invention, there is now provided a head suspension for
maintaining a gap between a read-write head and a data storage disk, the head suspension

25 comprising: a heater for heating gas in the gap; and a sensor for generating an output indicative |
of the thickness of the gap, the sensor generating the output in dependence on thermal

conductance across the gap.

Heat from the heater is transferred through the gap from the sensor to the disk by thermal

30 conduction. The disk acts as a heat sink dissipating the heat transferred. If the thickness of the air



26 JANUARY 2007 -2 gap decreases, conduction of heat fromthe sensor to the
di sk increases. The tenperature of the heater therefore decre T
tenperature decrease at the heater, and therefore the correspgﬁsgﬁy‘&&zom
decrease in gap thickness, is detected by the sensor. Conversely, if the

t hi ckness of the air gap increases, conduction of heat fromthe sensor to
the di sk decreases. The 5 tenperature of the heater therefore increases. The
tenperature increase at the heater, and therefore the corresponding

increase in gap thickness, is detected by the sensor. The aforenentioned
t enper at&ﬁpge@ﬁéﬁﬁg’é@“%ﬁloﬁé’ b5y from dhs %&‘ﬁ%‘do Ehetitk incenasss, Thy tGreRfratBra Hfghe f or
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technique is € atom c torce mcroscop 10 The

present coftégitnidmig @dﬁé@ﬂi iAQRP Wsikkndes,ay deteqe @by elealehyts! aombe@yuyc Ciﬁ!he thiakhesand
highly sensitive sensor systemfor neasuring the spacing between the disk
and t he dfdkeoRir aaralndregrcsSm;ndagteon efmyar fiomghe smsorfotthediskidegreases. Bie

I d
erbba PtbReTaes Rt Peael PR E A Tedtet 80 fisct Bre BireBion dhe heelrEtl oG or
conpri sQﬁerefob@rhe%m@dnuﬁ@nmz&se iR@ap BfickiRYs, IRt EIHeQBAJoY. BIRNPI | se a
narrowed portion of the bar. The narrowed portlon may, in turn, conprise a

doped r e@mmmenhmedbmeﬂhmmcMgcmnder@srﬂy Wtcglecbﬂettlmealtserbs'onomtqmng, for

articul arl referred nts . of the present invention
B s pens [BRTEln BT ab S0 DB B QR AT 560y B RGRGe 14 HEtos (EPBHE FLg abloves

siliconj ¥Hedﬁelg%¥'§tronﬁ& ?&Qéﬁlﬂcreﬁowe first silicon layer and a second
t

silicon ayer i sposed on e silicon oxide |ayer, wherein the bar is
| ocatl®d in the second silicon |ayer. Preferably, one end of the bar

termnates in the second silicon Iager and the other end of htégﬁ bar
t er mi nat B¢ DreseRhingeRanadvantageoply AroYides afedalivelo IAvs eeshriastandihdgly seppitive an

aper t ur gofiny shged ﬁ%ﬁfsqnﬁgiﬂ@%g)?mh?%et% ﬁﬂ‘ﬁ%ﬁs}@%& t'hQ eAd'h 4 B s?hreag on oxide

| ayer to I nprove er ma on o narrovre regi on. ead
suspensiappamay. i ncl ude an i ntegral

15 In the interests of simplicity, the heater is preferably integral‘to the sensor. In preferred
embodiments of the present invention to be described shortly, the sensor comprises a bar of
silicon. The heater may then conveniently comprise a narrowed portion of the bar. The narrowed
portion may, in turn, comprise a doped region thereby enhancing the sensitivity of the sensor. In
particularly preferred embodiments of the present invention, the head suspension comprises an

20 elongate body having a first silicon layer, a silicon oxide layer disposed on the first silicon layer
and a second silicon layer disposed on the silicon oxide layer, wherein the bar is located in the
second silicon layer. Preferably, one end of the bar terminates in the second silicon layer and the
other end of the bar terminates in an electrical contact isolated from second silicon layer. An
aperture may be disposed between the narrowed portidn and the silicon oxide layer to improve

25 thermal isolation of the narrowed region. The head suspension may include an integral

read-write head.

The present invention extends to control apparatus for controlling the thickness of a gap between
a read-write head and a data storage disk, the control apparatus comprising: a head suspension as

30 hereinbefore described; a comparator for generating an error signal indicative of any difference



read-wite head. The present invention extends to control apparatus for
controlling the thickness of a gap between a read-wite head

storage di sk, the control apparatus conprising: a head suspensﬁ%ﬂ“ﬁ@gﬂ%%OW7
her ei nbef ore descri bed; a conparator for, generating an error signal

i ndi cative of any difference 26 JANUARY 32007 3 between the out put fromthe
sensor and a desired gap thickness; and an actuator for noving the head
suspension relative to the disk to vary the thickness of the gap in
dependence on the error signal. 5 The present invention also extends to

di sk st betagen dppatmat dont thepenssir agd ases sadegapttbickyess dingllan agtuatarfdr moving thead;
and control apparatus .as hereinbefore described, for controlling the

£t cknobedan b G iauTaouRe b ety Th s ke 26p Bl fargnaense ppRsiror
inventiggn&(on1another aspect, there is now provided a nethod for 10
mai nt ai nfng a gap between a read-wite head and a data storage disk, the
nmet hod conprising: supporting the read-wite head via a head suspension;

heat i ng gas in the gap via a heater. provided on the head suspension; and,
gener &t TRgPEsens i ysofion algp extendetogtisk HaragpppRasalys comprHag: 4egia pieragesevkdénce

yot  anol Rt e et 30F RaREOI MR LIR oF ey hnrole Bl Med. 16 PUERAMe P ARk O

t hi ckneggapbetvegntheRbiveeM iR digad- wite head and a data storage disk, the
met hod conprising: supporting the read-wite head via a head suspension;
heating gas in the gap via a heater provided on the head suspension;

gener at indicatjve e thickness of th ependence

i,hg .an ,out put of ,th e ap .in
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t hi ckness; and, nmoving the head suspension relative to the disk to vary the
t hi cknesuppoftingtbe rag-witedepé ndenkrad snspehsiongreating gagimahe 28 viaNUERr 2007

provided on the head suspension; and, generating an output indicative of the thickness of the

gap in dependence on thermal conductance across the gap.

15 Viewing the present invention from yet another aspect, there is now provided a method for
controlling the thickness of a gap between a read-write head and a data storage disk, the method
comprising: supporting the read-write head via a head suspension; heating gas in the gap via a
heater provided on the head suspension; generating an output indicative of the thickness of the
gap in dependence on thermal conductance across the gap; generating an error signal indicative

20 of any difference between the output from the sensor and a desired gap thickness; and, moving
the head suspension relative to the disk to vary the thickness of the gap in dependence on the

error signal



-4 Brief Description of the Drawi ngs Preferred enbodi nents of the present
invention will now be described, by way of exanple only,: wthr 0
t he acconpanying drawi ngs, in which: 5 Figure 1 is a plan vievvqg1‘&&'%5&{)’?%mt7
di sk-based data storage apparatus; Figure 2 is a bottom plan view of part of
a head suspension of the storage apparatfis; 10 Figure 3 is a cross section
of the head along the line A-A" in Figure 2; Figure 4 is a bottom plan view
of a sensor of the head suspension; Figure 5 is a cross section of the head
along the line B-B in Figure 4, 15 Figure 6 is an isonetric view of a
sensor eRhepEdRdgplioeoPiheIRAWinggvention, Figure 7 is an isonetric view of
anot her sensor enbodying the present invention; 20 Figure 8 is a control
system of the storage apparatus. Detailed Description of a Preferred

Enmbodi t 25 Referring first to Figure 1. an exappl f, data stora i
appar at ST EREGRRIRG TPHES B 8 RNt VIR il S ey ingdqhy oK pDF XyarfRi o 10
nmount ed i ral Lpdl and ‘a read/wite transducer
head 30 &gﬁﬁ¥§%ﬁ%%QQRQE?%h a?%“gggﬁﬂgggﬂgﬁ§?§h 20. Depending on the data
storage nedi um enpl oyed in the disk 10, the head 30 nay be a magnetic head,
magnet o-resi stive head, nmagneto-optic head, optical head, or the other type
of “head.Figwreshoite Plapviemsps @i hinbased dalagorafecappatyshvent i on, the head 30 nay
be integral to the head suspension 20. 26 JANUARY 2007 -5 The head
suspension 20 is pivotally nounted at a pivot point 50 renote fromthe disk
10. A ccrriEure@oisia%o@bﬁpgsﬁdiead&fapﬁnbf5h@d&ﬂ@b&%ioh@mﬁt@@ﬁa@@@@ﬁmhgn 20 renote
fromthe head 30. In operation, the coil 60 permts controllable deflection
of the head suspension 20 about the pivot point 50

10 Figure 3 is a cross section of the head along the line A-A’ in Figure 2;
Figure 4 is a bottom plan view of a sensor of the head suspension;
Figure 5 is a cross section of the head along the line B-B’ in Figure 4;

15
Figure 6 is an isometric view of a sensor embodying the present invention;

Figure 7 is an isometric view of another sensor embodying the present invention;

20 Figure 8 is a control system of the storage apparatus.

Detailed Description of a Preferred Embodiment

25 Referring first to Figure 1, an example of data storage apparatus embodying the present
invention comprises a data storage disk 10 mounted for rotation on a central spindle 40 and a
read/write transducer head 30 mounted on an elongate head suspension 20. Depending on the
data storage medium employed in the disk 10, the head 30 may be a magnetic head,
magneto-resistive head, magneto-optic head, optical head, or the other type of head. In some

30 embodiments of the present invention, the head 30 may be integral to the head suspension 20.



and thus controll able novenent of the head along a generally radial path 70
across the surface of 5 the disk 10. In operation, the head 3 r
the rotating disk 10 spaced fromthe surface of the disk 10 b%“%%hg??’ﬁgﬁq
spacing or "flying height". The head 30 can be sinultaneously noved

radi ally across the surface of the rotat?ng di sk 10 via the head suspension
20. The head suspension 20 thus allows the head 30 to address substantially
any point on the surface of the disk 30. A region of the head suspension 20
adj acent the head 30 will now be described with 10 reference to Figure 2.
Referri ﬁ@emead:i;lgperesicm 20 hepivagil pmoohteti laea pead psins f@ nenan fwd) teahitk thed bahd:
30 conprises. an elongate body 80 having a substantially U shaped recess 150

formed ©Rateisposedadiasery thpendhof the bepdsuspension: dhregrots Hamdhe head 1thdn paerption
d t d of
e boaihd A1 RERSI pofrofanis SRS, o he 3R 16D Rith 27 b QR BodifCsENC ©

| ocat ed ahd tHud@ ofti6ISabld moRemeaFIte Héad.aldng 4 feaslyaadibEshtll a0 ac®sOMhaGarface of
apparatus, the sensors 90 to 140 each face the surface of the disk 10. In

use, & thefdigkni0.In opegtionibe heak¥k iy vyt santating dlsdfowyspacﬁdafm@mtth@swﬁammf ng

disk 10., T fl d ;s hthhd3
oi/Zr théh %gﬁﬁ) héaaggﬁokggéﬁggﬂp&" rhel rlgg 8 eracfa@ b&%’ﬁ%‘l %COH ?'(9?1 Yo e of
the thi ¢kapsa@bssdhe bilreace P tRSVRAR dsstkemiwg ha@%aa@dsﬁehﬁoheedn@hea%ensor s 110

and 120 detect tenperature variations in the environnment of head suspension
20. Sensuspensic 20 tius bAowd ebelbead\drth atddrepssubstanhialyaany fdioven thhsenfagde dfitbe

recess 15 nbodl nts of ese ntio sor.. 130 y be
conbi neé ﬁ%%l‘?\s@ﬁ’?ﬁr" hphe SR%%%‘BHEQ@HEW“%B%}]W&)}%D ”c‘b(ﬁ%f’?lg bf’a Ws!g‘ﬁsor
120. IQSng&Bngﬁgg@qu to Figure 3, the body 80 conprises a silicon bulk

| ayer 85 of a thickness in the range 1 to 5 mcro-netres. An electrically

insulating |ayer 160 of silicon oxide of a thickness in the range 0.2 to
0o o1 0, oS he Shaposson e, Rl K Laver o5, Agrounced s L con, Laver
formed, »h31dipaR¥SAY 80™halidG o AASsthbiidNg U%M@ﬂed TRees$95@ Fort e ¥R n2805ors 90 and
100 are located at the end of the body 80 adjacent the head 30. Also, sensors 110 and 120 are
15 located at the end of the body the remote from head 30. Additionally, sensors 130 and 140 are
located in the ends of the recess 150. In the assembled data storage apparatus, the sensors 90 to
140 each face the surface of the disk 10. In use, air flows through the recess 150 between the
body 80 and the spinning disk 10. The air flow provides an air bearing on which the head 30
flies over the rotating disk 10. Sensors 90 and 100 generate signals indicative of the thickness of
20 the gap between the disk 10-and the head 30. Sensors 110 and 120 detect temperature variations
in the environment of head suspension 20. Sensors 130 and 140 detect variations in the air flow
tflrough the recess 150. In some embodiments of the present invention, sensor 130 may be

combined with sensor 110. Likewise, sensor 140 may be combined with sensor 120.

25 With reference to Figure 3, the body 80 comprises a silicon bulk layer 85 of a thickness
in the range 1 to 5 micro-metres. An electrically insulating layer 160 of silicon oxide of a
thickness in the range 0.2 to 0.5 micro-metres is disposed on the bulk layer 85. A grounded
silicon layer 75 of a thickness of approximately 1 micro-metre, in which the recess 150 is
formed, is disposed on the insulting layer 75.

30



6 Turning now to Figure 4, each of the sensors 90 to 140 conprises a bar 180
of silicon. The bar 180 nmay be forned by renoving the surrounding silicon

| ayer 75 down to the silicon oxide |ayer 160, by chemnical etcRk¢#NPARY 2007
exayipl e. One end of the bar 180 is connected to the grounded silicon |ayer
75. An.electrical contact 170 is di sposed-at the other end of the bar 180. 5
Each sensor 90 to 140 also includes an integral heater 190. The heater 190
conprises a narrowed region 185 of the bar 180. The narrowed regi on 185 has
a wdth between 500 and 600 nano-netres. The electrical contact 170 is

Censor 90 10 TBTFT BE e * RO Bt S WA IRRRER B AR i

sensor sThOBait BOlALy bpfsrated byremosingith@surramndg. siliddnap@ d5idewn t6 the' htorf | ows
fromthe power source through the bar 180 to ground. The narrowed region
185 pr eswide daygn 16 drvedeadcal sshigdaeexample. e enstoffthobart 8038 gimnepied ba the180.

The . t . f th t.he bar. 180 th i f .t d
' ogi on Bandeg Sfieon BT, At Palied SPutrbi 0B dRpR LA Mt bR s 1Ble gap
from st RE-IS&ASE 9P 149 AINEinfIAbAt dnide@ba hediOr P30, trREMBERE, PN riseDa ndfEwei Sk

10 acts as a heat sink 15 dissipating the heat transferred. If the thickness
of the agiomybip diebe basE¥). Thonduewedregofn Hfahas a width bhevesen®0and®60@ o t he di sk
10 increases. Therterrper.aLure of bhe narroa\ed rergi on 185 therefore

decr easB&0-TRfES ThR&lacaiqas FoHRE 14Y it HORAFT BWEPTPEGE BAVABS EEdBOREE MBS es .
Power remains constant. Therefore, the current flow through the bar 180

i ncreases. Conversely, if the thickness of the air gap increases,

conduct i on offhbeptrafiowof thagemsend0ro Y40 will hde beidescrib@d deo1iie 88 epprediied 2hat
tenperature of the narrowed regjon 185 therefore increases. Thus, the

resi 40 afrsorsfl00Ke 1AGPPERRSAD 2sEgilgmamsT i Heoresaos, cupFrayt 8pwis drom His podfer ent

flowt hE&HQé;#%Q@E b&rBPBOCS{g I %ﬁg’ge h&ré@é@reégogqgﬁiﬁﬁké a%ﬁnér@?se@ rreeS?sﬁzg%Cﬁea d

i nventi on, I ona sor e provi e surface o
suspenstodurdt flewnhouizh ol Hdre 8di Biie clrehoflogeam®ngh thethaa N 80 tHuRthuses fe@ing of

i ndi cative of anbient tenperature against which the outputs fromthe
sensor s Bmargwedaesia) 1Be Retamede nogowpd regisy Bveistiaptiedced Hupnpdshe gap froment

flowt hfh%bggnsorr@% 10 @e r])gaQing%%kbl% %Ellrﬁfa]qgﬁﬁft{igg. FIR disk 10 acts as a heat sink

15 dissipating the heat transferred. If the thickness of the air gap decreases, conduction of heat from
the sensor 90 to the disk 10 increases. The temperature of the narrowed region 185 therefore
decreases. Thus, the resistance of the narrowed region 185 also decreases. Power remains
constant. Therefore, the current flow through the bar 180 increases. Cénversely, if the thickness
of the air gap increases, conduction of heat from the sensor 90 to the disk 10 decreases. The

20 temperature of the narrowed region 185 therefore increases. Thus, the resistance of the narrowed

€

region 185 increases. Therefore, the current flow through the bar 180 decreases. In some
embodiments of the present invention, an additional sensor may be provided on the surface of
the head suspension 20 remote from the disk 10 for generating an output signal indicative of
ambient temperature against which the outputs from the sensors 90 to 140 may be compared.
25
The aforementioned changes in current flow through the bar 180 can be easily detected to

provide an indication of changes in the thickness of the air gap between the sensor 90 and the
disk 10. In particularly preferred embodiments of the present invention, the sensitivity of the
sensor 90 is enhanced by doping at least a portion 200 of the narrowed region 185. The portion

30 200 may be doped with a positive dopant such as boron or a negative dopant such as arsenic.



provi de an indication .of changes in the thickness of the air gap between the
sensor 90.-and the disk 10. In particularly preferred enbodi ments of the
present invention, the sensitivity of the sensor 90 is enhancedIsYUABY 2097
at least a portion 200 of the narrowed region 185. The portion 30 200 may he
doped with a positive dopant such as borbn or a negative dopant such as
arsenic. 26 JANUARY 2007 -7 Wth reference to Figure 5, in especially
preferred enbodi nents of the present invention, the sensitivity of the
sensor 90 is further enhanced by providing an aperture 210 of between 400
and 60WVirdaredemete toFipat vearespbaaliyapretoned endgdonert 86f dngrashet inneuloat iheg

| ayer 160,,1herebg thernal |y isolatig& the narrowed re ig& %85 fron1$he

i nsul at SERgitIvay ! thistensey e dinthesgnpanced By perveding ﬁnaaer&rg@ at PgrvsrR el Aag,

enbodi ' j : 1 Sk hAnt insul atin
Cayer 1000 aip-FaBePhARER reRsEBWRRean 1%} MY nepak TRy 150 shBhpS 2 "
t hr ough tHeh@aNy &oR2idgtiee ddiovedddegioh 185drdmoche insnming laye@mebhe sensor 90. This

arrangenent permts convenient connection of the sensor 90 to the constant
power 2source and ot her 10 associated circuitry. Figure 7, which is a simlar

view to that ,0f Figure 6. il.lustrates. an . enbodi nent of. the sent ..

i nvention i n_]\fbﬁeirﬁlﬂg F%Elg%eeé’tlﬁrgé esffﬁlaiﬁg pﬁfgr\;?&é%raf)%ﬁmg%f tbﬁgre%rgrl?\é%l& nr%gi on
185 andviah@0i i sethRidiiRthd ia¥AhatiAdRyeRef0amditd theank tagelFssg ahe efectrifaft&ita@d 70
enbodi ments of the present |nven¥|on conprise a 15 gap control 240 for

movi ng tktendsethibughd henigi23A t@ thei sidegofdhe bedy smopafrain the sersoi $@ Tans arrafgepieutt

to adjust .the thi.ckness H of .the ga et ween the head 30 and.the di sk 10.
'n pref BETE CORKDRIFHEOPRCCUGR of fF SSAUE SHIO MR AORE EB PO SOWD SRBAMEDI 240

conpripSgsotARIRGRARNG/. ?%fré' ¢, WhitRSOUGRT 1af OlewABtha oF Peurd BEILEAENgSS of the
gap. The gap control” 2 adjusts the thickness of the gap in response to an

error semhadinient Fhehegresont igvemimn i whichyibn eperturel 2 bY issprovidpdbetveen the

dependence on, any djfferepce 20 .betwee n input signal | indicative of a
desi r ed"FEQV¢hicg faﬂdE%"Fé@HB%%We%ﬂﬁﬁa| F indicative of the actual gap
t hi ckness H The feedback signal F is generated in dependence on the :outputs

Referring now to Figure 8, preferred embodiments of the present invention comprise a
15 gap control 240 for moving the head suspension 20 in a direction parallel to its axis of pivot to
| adjust the thickness H of the gap between the head 30 and the disk 10. In preferred embodiments
of the present invention, the gap control 240 comprises the piezoelectric transducer for adjusting
the thickness of the gap. The gap control 240 adjusts the thickness of the gap in response to an
error signal E. The error signal E is generated by a comparator in dependence on any difference
20 between an input signal I indicative of a desired gap thickness and a feedback signal F indicative
of the actual gap thickness H. The feedback signal F is generated in dependence on the outputs
of the sensors 90 to 140. The sensors 90 to 140 therefore complete a negative feedback loop
between the desired gap thickness I and the actual gap thickness H. The feedback loop operates
to minimise the error signal E, thereby maintaining the actual gap thickness H at the desired gap
25 thickness 1. It will be apparent that the outputs from the sensor 90 to 140 may be combined in
many different ways to produce the feedback signal F. Alternatively, in some embodiments of
the present invention, each of sensors 90 to 140 may participate in a different one of multiple
feedback control systems each controlling a different aspect of the flight path of the head 30 with

the common objective of maintaining the head 30 on a level flight path relative to the surface of



of the sensors 90 to 140. The sensors 90 to 140 therefore conplete a

negati ve feedback | oop between the desired gap thickness | and the act

gap thickness H The feedback | oop operates to mnimse the ef ‘?b?NEr*BXZﬁ 0E

thereby naintaining the actual gap thi cl%ness H at the desired gap 25

thickness I. It wll be apparent that the outputs fromthe sensor 90 to 140

may be conbined in many different ways to produce the feedback signal F.

Al ternatively, in sonme enbodi nents of the present invention, each of

sensors 90 to 140 rra}/ participate in a different one of mul ti pl e feedback
¢

cont r ol theydiskels Examples of svchy QSP‘FFQS Bayifer eagple 15‘§b’éi€tplt61? a?%éa‘f’lof&rﬁheﬁﬁﬁﬁ of

the hea ective of maintaining the head 30 on a | evel
“’fﬁqﬁ%r‘%w‘fﬂg ‘?Eﬁemé‘ﬁl?f ace of 26 JANUARY 2007 8 the disk 10.

Exarrpl es of such aspects may for exanple include pitch and yaw of the head

30 relative to the surface of the disk 10 The dinensions and ranges

her ei nbef or eThpdgngnsisgs anerq@gwh@e@bﬁprwcﬁrsd@mmeé wlyywaysofi axammpée only

inter e ntratln the .relative_si eat.ures erred

enbods e e Hebagparbtalon 6 Srifl e & e res S 2Es 5 E mbRABlER It
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the present invention may er fromthose specif herein. In the

pref er rfedtweﬂ)ﬁ»dndmnk)ﬁ]ehemoduh@har@ the presérid enlentibme ngaaphﬁert frermrihedespbafidd 30

and 10 the disk 10 is filled with air. However, it will be appreciated,

that i n"dfRer enbodi ments of the present invention, the gap may be filled

with other ggsge bodirfls HefkifilioRHROHIHIB NS £8f beliien RESHERIS0

i nvention he?rgl n fgitr}ée(i (i eeellct%?of Sensors 95% © 40ncorrp(%ilasesangn

i nt ey® athe diwkatCeis fnea wmbmexrhuwevrer ivwvill bdsppredaeditbadn bhet embodﬁﬂmrts of the

enbodi nents of the present |nv§ﬁ)t| on, the head suspension 20 may rise
di scr et BRI GhANS SHBRY be BLIFY NAT AR 22500 FRAES AIAbABI B ROLMED oL

pr esentth'eEJY&@Mdﬁ)rOernﬁ)rnq‘lepé?%eQS AESHelPELL o?EénsE'Fs% c%.‘i%%ﬁp?%e@& GUIRL) ses
si x heaters and six correspondi ng sensors. wever, it w cl at ed
that, i heandrhi®0. Hewbogh mwin$>eoécdghfseqbrrmsMthémﬂrﬁdimamsbhmehﬁa@nsuﬁzpm,on

may con‘Pr ise nore or fewer heaters
he head suspension 20 may comprise discrete heaters and sensors. Furthermore, in the

15 embodiments of the present invention hereinbefore described, the head suspension 20 comprises
six heaters and six corresponding sensors. However, it will be appreciated that, in other
embodiments of the present invention, the head suspension may comprise more or fewer heaters
and sensors. In particular, it will be appreciated that, in some embodiments of the present
invention, a single heater and an accompanying sensor may suffice.

20



and sensors. In particular, it will be appreciated that, in sonme enbodi nents
of the present invention, a single heater and an acconpanyi ng. sensor _nma
suffice. 20 26 JANUARY 2007 9 Clains 1. A head suspension fo%ﬂfﬁ&%??r?é%
gap between a read-wite head and a dgta storage disk, conprising: a
heater for heating gas in the gap in order to make a thernmal conductance
measurenent; and a sensor for generating an output during the neasurenent
of the thermal conductance across the gap, said output being indicative of
the thickness of the gap. 2. A head suspension as in claim1l, wherein said
heat er §18imMsnt egral to said sensor. 3. A head suspension as in claim 2,
wherein said sensor conprises a bar of silicon. 4. A head suspension as in
claim 3, wherein the heater conprises a narrowed portion of the bar of
si | i con. 15A hgadrraspension femeaghings gap betwgene Bad waitpheadiand a datgastasagsidigs e body
havi ng ; &h&gé silicon layer; a silicon oxide |ayer disposed on said first
silicon yers and a second silicon |ayer disposed on said silicon oxide
| ayer, wherein said bar of siliconis located in the second silicon |ayer.
6. A heads susiesesiopReating ighs ialthd FApSn omlefothdke 2ahdmiabsondiictaice inkasurétaenta fir st
end which termnates in said second silicon |ayer and a second end which
term nates i?%an el ectrical contact isolated fromsaid second silicon
layer. 7., Agherd: ﬁiﬂ%&%ﬁg@%@ﬁgﬁmalﬁir@tﬁe rﬁeasﬁl@mlreﬁﬂ SHtRGth&n A RS dubaficedet ween

Si ‘

said narrowed portion and  said silicon oxide |ayer.
across the gap, said output being indicative of the thickness of the gap.

2. A head suspension as in claim 1, wherein said heater is integral to said sensor.
3. A head suspension as in claim 2, wherein said sensor comprises a bar of silicon.

4. A head suspension as in claim 3, wherein the heater comprises a narrowed portion of the bar

of silicon.

5. A head suspension as in claim 3, comprising:

o an elongate body having a first silicon layer;
o asilicon oxide layer disposed on said first silicon layer; and
¢ asecond silicon layer disposed on said silicon oxide layer, wherein said bar of silicon is

located in the second silicon layer.

6. A head suspension as in claim 5, wherein said bar of silicon has a first end which terminates
in said second silicon layer and a second end which terminates in an electrical contact isolated

from said second silicon layer.

7. A head suspension as in claim 6, comprising an aperture between said narrowed portion and

said silicon oxide layer.

8. A head suspension as in claim 1, wherein said narrowed portion comprises a doped region.



8. A head suspension as in claim1, wherein said narrowed portion conprises
a doped region. 26 JANUARY 2007 10 9. Head suspension as in c

conprising an integral read-wite head. 10. A control apparatu%gwgﬁaARYZOW7
controlling the thickness of a gap belfwen a read-wite head and a data
storage di sk, conprising: a head suspension having a heater for heating gas
in agap in order to make a thermal conductance neasurenent; a sensor for
generating an output during the neasurenment of the thermal conductance
across the gap, said output being indicative of the thickness of the gap; a
conpar at 8rHéadsugpensioradsi inglaam 1 ecangrisiggnategraldeaiawritechead. any di f f erence
between the output fromsaid sensor and an output corresponding to a
desired gap thickness; and an actuator attached to said head suspension for
movi ng t1heA beaebl spifpensSfoPtontllmlgithethicRnest bEa gipPetwedn\watad-whe Hehd stdwess of
the gap, in response to the error signal. 1 1 . A disk storage apparatus,
conpr i SPiRgloragegdikaeompisgigage disk; a read-wite head; a head suspension
having a heater for heating gas in a gap in order to nake a thernal
conduct ange ' iing the
neasureneﬁtawggfgﬁgaﬁﬁégﬁg ggg%ﬁ%@?gﬁ%gﬁ%%ﬁggé%%%gﬂgg%fggggﬁﬁg%#%ﬂt bei ng

i ndi cati ve cebndusaantdimedsnesentf the gap; a conparator for generating an

error signal indicative of any difference betwee e, output. fromsaid
censor ant drieBt prieetar s Hh s o esreat g ek GoMuclRE °an
actuat or at taglbele gop, sad duipaskkistin PRSI VT tHeQhickiR¥s Hthé Bgp;head suspensi on
relative to the disk to vary the thickness of the gap in response to the

error si ghala comparajr it agperating anAsees siena dndicayaip oy encerbstvrenthet e head and
a data stor %gﬁufifrﬁlﬁ’said sensor and an output corresponding to a desired gap thickness; and

e an actuator attached to said head suspension for moving the head suspension relative to

the disk to vary the thickness of the gap in response to the error signal.

11. A disk storage apparatus, comprising:

a data storage disk;

e aread-write head;

o ahead suspension having a heater for heating gas in a gap in order to make a thermal
conductance measurement and a sensor for generating an output during the measurement
of the thermal conductance across the gap, said output being indicative of the thickness of
the gap;

e acomparator for generating an error signal indicative of any difference between the
output from said sensor and an output corresponding to a desired gap thickness; and

e an actuator attached to said head suspension for moving the head suspension relative to

the disk to vary the thickness of the gap in response to the error signal.

12. A method for measuring a gap between a read-write head and a data storage disk,

comprising:

e supporting the read-write head via a head suspension;
o heating gas in the gap via a heater provided on the head suspension; and

e generating an output indicative of the thickness of the gap.



conprising: supporting the read-wite head via a head suspension; heating
gas in the gap via a heater provided on the head suspension;

generating an output indicative of the thickness of the gap. gﬁﬁﬁﬁﬁﬁﬂﬂ§2ﬂ%67
11 13. A method for controlling the thickness of a gap between a read-wite
head and a data storage disk, conprising: supporting the read-wite head
with a head suspension; heating gas in the gap with a heater provided on

t he head suspension; generating an output indicative of the thickness of
the gap in dependence on thermal conductance across the gap; generating an
error si thal methdd &atcosteollidg thethickinkfsenf @ geebdrotaeeradmeitobdadahd Adatm t he sensor
and an out put corresponding to the desired gap thickness; and noving the
head sﬁ@ﬁ@ﬁéﬁgﬁxwg¥ﬁﬁﬁVe to the disk to vary the thickness of the gap in
response to the error signal.

o supporting the read-write head with a head suspension;

» heating gas in the gap with a heater provided on the head suspension;

o generating an output indicative of the thickness of the gap in dependence on thermal
conductance across the gap;

e generating an error signal indicative of any difference between the output from the sensor
and an output corresponding to the desired gap thickness; and

» moving the head suspension relative to the disk to vary the thickness of the gap in

response to the error signal.





