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Met hod and Tester for Optical Flying Height
Measurement FlI ELD OF | NVENTI ON The i nvention rel ates

whewaadlopii o a nmet hod for flying hei ght neasur eP€nsG20a6/000387

to a flying height tester. BACKGROUND The optica
calibration process for interferonmetry based flying

hei (MethedsandTester forOptivaltyingr HeightiMeasurement
determi ning the accuracy and repeatability of

head- di sk spaci ng neasurenents. The light intensity
calibration is typically performed by neasuring the

' 1,4 fringe intensity of a light signed
aﬁﬁnggh§ﬂ§9ﬁ§@Tﬁ§GLead-disk spaci ng by at |east VA
wavel entidr pivehtién | ir@latessi moedly Eoi sd i peethadi oAt fi@Ag  height
met hods use | oadi ng and unl oading nethod to alter the
spasasgrepientrandifosk flying haighidestesuch as the net hod
di sclosed in U S. Patent 5,457,534, Lacey et al. The
intensity lout of the light reflected fromboth the

sIBAGKGROUNDM t he gl ass surface of a transparent
test disk based on rmulti-beam ifﬂterference [

by:  whelte APRGRI GAIbRRIOT PrIveSs: At GHererassisy hasedipa height

r . - .

o PERRARAALS 15 Tiepftant prodéss I Actodihirel ihé Gckracy and
i mepeatabylity The béad-diskngpmdihd f measgrendentst webe dight intensity
refl.ctionsis.afuncrz_{ion of the phase,shift. fs on .

r FAlBEtIoBn B PPIcEHYG REFieiEiSd by izastnag dhG Jnasinfm A, ginimum
befriﬁ?é'iﬁt@ﬁsiﬂﬁ of @ igHtsigited while (GBanbingh®eehéad-giskhépacing by at
wavel engt h of theQ| ht, his the Tlying height and fs

| Jeasie)s pravelengin fof, thendighihsinsds \EXi#ting sakbmippamethods use

[ . det ec t t a e .di
n bR E0abe OerPRaE SR RSBt eyl 3h8YiBer, such
vadd e methodadisoloséd dadks) Phtenti5gio A, 534 daatey) etvall Uhe intensity
Fig. 1 shows a typical .
lout OF the light refleCied from both the slider and from the glass surface of a
transparent test disk based on multi-beam interference is given by:
Iout —

I, 1+r'r} +2nr,cos8

n

2 2
K +r, +21r,coso

(M

where ry and r; are fringe intensities of the light reflected off the slider r; and
the light reflected off the disk ro, and li, is the incident light intensity. The
phase angle difference 8 between two reflections is a function of the phase

shift ¢s on reflection off the slider surface. The value of § can be derived as,

5=f‘—zﬁ+2n-¢s @)

where A is the wavelength of the light, h is the flying height and 4 is th
phase shift. The intensity of the resultant light detected at the detector



ot of intensity changes against tinme for the _
Poad/unl oadi ng process. As the flying height (FH) is
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: : : : te
ressure air-bearing is typically required to genera
: suction force which pulls the slider closer to

? hgag‘?p%qgssﬂ? ?'&% distaecs ﬁc?%@@@ét 1 theed i\Sk>Siu|ﬁfgcet,;\i\ﬂlllfii th'het ?I;dﬂr surface

s , I , . .
cont rary v e e tof 8 TuAoeBRal S6EE. T fidhois  typical
vi bblat ef inkensity lebaspeslagainst tiorecled theloatlumisaing beobddae

i i i brational i is clearly . .

di scer nabr e AVRh g RO lﬁ%lﬁge'diw,helw-ze Qoun segion, a higher
. : e bt s L0 :
e dteu i oy kBB e
un! BERWhisbhylisdhe slider dlaiser to theadisk satfate hadiinereases the flying

' " hRa' of the perjodic intensity
chanely, B e SRR AR (Rl B BOPHSH iice. ylscontrary (0 the
makinigadind efboeseyi cralsesnthel skid i yBRstet Whya! mgﬁlsﬁsd%!ga.‘ﬁ forced to

[ i nj difficult and i naccurate.
g? ;(v'}g[h% r%{t]{gfr én@ln‘i!hg?‘gﬁko n-hgg 04 ibféﬁ@(laleh@lﬁvmgda rdegrly :ﬂmternable in
| ' it Lider. 1 not her, i rtan .
et LA, 00 55 b Lt SRS e
t o Wawelenatbt inrthe pegiohibmtwetn tthe IcadpgRssitdh 106%nd fhe unloaded
unl @ﬂf n9 1BLOCESS Wi, | .affe%t the pitch angle “of the )
s Fsitol 105 gHeYs piigHonglPehavour iresuiéade 2 hsmearing” of the
f alpleriotifc ipterishty oMBxbaY 'Bo?t’égﬁﬂhai'ng%@ b ib%?fe?&%c%nﬁ’irltg%s, making
and consequently incCrease the erfor in e
me &s pleRBRtationndt ther intensityaciuésfort tie headthamBthinima difficult

' eat ed | andi ng of the
o1 PO MR onil kg liRee B Arhmeaeuramentacuracy.
bear I ng Therdrdosidakitn dhthesSidtiis ahofdtaBEER tictor which

ignifj t wh an extrenely
1oBan 14T hé ARG asraEIent aBoHEAGH |Bye do Hhe mbating besition of the

| 08G4pEHsRSH tﬁémﬂﬁdi@}ﬁrﬁ%%hSé??e‘éﬂh%hpitch angle of the slider. An

higher pitch angle will increase the fall-off of the maximum and minimum of
the intensity and consequently increase the error in the measurement.
Another drawback for the load/unioad calibration method is, that repeated
landing of the slider on the disk may damage and contaminate the air bearing
surface (ABS) of the slider. The damages are more significant when an
extremely low FH 'slider is used in the measurement.

Generally, other than the load/unload method, any mechanism which
unloads the head from the disk by a quarter wavelengths or more can be
used for the maximum and minimum intensity calibration. For example, in the
disk drive system, the relative linear speed between the head and recording
media is controlled by the rotational speed of the spindle motor. Increasing
the spindle speed will increase the separation of the head and media by
changing the air-bearing pressure of the slider. By changing the separation

between the head and media, the interferometric intensity varies enough to



unl oads the head fromthe disk by a quarter
wavel engt hs or nore can be used for the maxi nrum and
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di sk drive system the relative |inear speed between
t he head and recordinﬁnnedia is controlled by the
r otd&ieEnal legst euneomaxdreumpand | reinimuo fringe Iiteasing whith can be

andeddo R S Callralion BRORESS ob MadiRe) e ¥tiueoctt dlneAcourate
sl immsurameaharfgGm-lnbﬁcaeaasﬂéro'Bééﬁ"ﬂwp‘;%'éga?&idhe%i% Visible

ang@msdi a, the interferonetric intensi varil es enou
to

pet dntgrferaaetry’ontourpali alutribalegyi Rransaction rafethe ASME, Oct
[ [ i ca . libration
or acon, PP, 067 FiBo2 stiod e Wibnul ot qr Wkt Bliermed the RPM
Measlibratient pwice€as -Guriies @003d26GR,i @@l Bear forddifferent light signal

[ [ Vi sj bl aser Interferonmetry”, )
3o JYRlergfh 75 586 lonek et Miatien dan PeNEENiaved by using the
LORPMPRoalibrdtionf| Brocess "Wddied! MoeniHel YdalRinSla “iafivration.
is termed the RPM cal i bration process. Cu y
20&onaaguently, f tis dimillf eedute | thehtcatibeitioh weisel et hncrease the

sh sl ider vibration can be achi eved by
RSB Rs

usi ng AP at i on process conpared to the
| oad/ unHoawves! inthatRPRt cApRSRSH BRidess thQ'sftngP WBS design must

reduce the calibration noise and | ncrease _ _
msg‘é ushehat the EHawll inpremsedp, abhover M2 IRPBhaagingrtaeiRIPM of the

[ [ nmust  be ch that the FH

W Prna; ClErcte /A58, sfier 1itS el R ST ravrteRt dian i nm, are
s photcilde t@lly artighs M e aniéry rﬁ?h ISPl sh@éﬂ.FH, say
| ess th&n 10, nm are not able to fly as hlgﬁ as /2
even at " \&SH HT‘?j afgiaxifte te peevide mam epticalH ru@ihsmht_callbratlon

' ' PR | [ cal.i bration
e R AR, e peeh o K a5 oot RS above
| enentioned disadantagese nenti oned di sadvant ages.

SUMMARY

According to a first aspect of the present invention, there is provided a
method for optical flying height measurement, the method comprising the
steps of aligning a first slider and a second slider adjacent a transparent disk;
varying a rotational speed of the disk relative to the first slider whereby a
spacing between the first slider and the disk changes; measuring changes in
a first reflected light intensity caused by interference of a light signal portion
reflected from the first slider and a light signal portion reflected from a surface
of the disk, wherein the rotational speed is varied over a range such that one
maximum and minimum intensities pair is measured in the reflected light
intensity; measuring a second reflected light intensity caused by interference
of a light signal portion reflected from the second slider and a light signal
portion reflected from a surface of the disk at a fixed rotational speed



SUMVARY According to a first aspect of the present
invention, there is provided a nethod for optical
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steps of aligning a first sAider and a second slider
adj acent a transparent disk; varying a rotational
spd&iveen e disksand dhasecend slidér andr salcslatel ar fiyMie helht of the

a j ; e first slider and the djsk o _
cnancohd et WY W medsted iR aref ubinaem ingnsites pair
| ntaswisthe ynesmured sbgond FeldcesE gt iffendity.| ght si gnal

portion reflected fromthe first slider and a |ight

signal portion reflected froma surface of the disk,

wher ei n @t aty i ' over, a range )
such t naneoffst i S8eondRATCts: Mal e ThaditEh & gapngles cartridge
me&bgnediadjacehkthealislect ed | i ght intensity; neasuring a

second reflected light intensity caused by
interference of a light signal portion reflected from

the secame fist dad %%rgll él?(dﬂ?% rﬁé)?.'ﬂ)%l %@ﬁdaspgétgﬁhaelﬁ} Fndparallel

froma surface of the at a TiXe

s pddthyeshra to each ¢ithar emthet tartridgeond sl i der; and
calculate a flying height of the second slider using
t he measured maxi mum and mninumintensities pair and

t he nmeaJueditsisatd86ce | ' i
fi hssi(@gd se?:ond sl (i:dﬁeﬁr gmfég%%ééy %Eﬁ?gﬁﬁgﬁ dﬁgiség'feetrack of the
ca [

@ngSegaeaie £#atideas. t he di sk. The first and
second sliders may be aligned substantially in
parallel with respect to each other on the cartridge.

The fi r $he amntatiead nespetidsdef shemiisloeeRBFE t o0 iR fﬁ’% &nd second
age, track of the glsk utilizing separate cartridges.

s : ! .
The 4e5t BBV Yasst By shangingdha reteting saerd of the tisk.
first and second sliders may be varied by changing the
rotati n% speed of the disk.
he rotating speed of the disk may be varied from about 1500 to

about 20000 rpm.

The second slider may have a smaller range of flying height variation
than the first slider.

The first slider may have a positive pressure slider design.
The second slider may have a negative pressure slider design.

The measurements of the changes in the first reflected light intensity
and the second reflected light intensity may comprise measurements at
different wavelengths.

According to a second aspect of the present invention, there is

provided a flying height tester comprising a transparent disk; means for



The rotating speed of the disk may be varied from
about 1500 to about 20000 rpm The second slider nmay
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the first slider. The firstSslider may have a positive
pressure slider design. The second slider may have a
g%ugnm priestsslider snd desectsl gider Hijacert autramsprenodisk; means

o DRIAEPpoPrebBRalhdon o b G ebUalo 488 S sl ereby o

e apactEbétvedh Wl firer ﬁfHer\’%\()e{h%n&l%l@%haﬁgégr ﬁll'eﬁﬂstfcgr fheasuring

second aspect of the present |Invention
pr &%36"883 dnfa Jirstg eﬂ@?‘@ﬁt ligh§sntensity rqausedrig/ mterference of a light

r rst .slider and
L SRR o AR 1AL AR Al enects
vaifiinng surfaseadfitiondlisks peeesinfthé Retatbsd gp@leatns Vﬁrlé@ ovBFa range
first, slider whereby a spacing between the first

sl iS4&h A ONReMEKUERIMARE d8INIMeEN intersitiers Reir isnmeasured in the
chagigsted Night ﬁﬁtéﬁél Qﬁégﬁé ‘?ﬁe%élﬁl%t %%ﬁrcf{i rég%g}gé%?g&?n intensity

i nterference of t si
t h@aﬂse@tbysmt@éereanel af allmfmt sssglwlqborﬂontreﬂéctédfirﬁmt fft second

ST £ 7ol Sl Batioinisteaieaiirein.a surecmakinmusiskrat a fixed
*m mtauanalnsw@d beBFedithe | GisKBARM IR e'eeoﬁ(lj‘eshpﬁfl ?ﬁ& &feans for

intensity; means neasuring a second re
gﬁlcumnsr%ﬂwyg heighsofihe isacend elidercesiog the me;ismred maX|mum

t fro he second slider  an
f’: AN IR S, By oy U gReaSWer aeeond scted light
di #ensitya fi xed rotati onal speed bet ween the di sk and

the second slider; and nmeans for calculating a flying
hei ght of the second slider using the nmeasured maxi mum

and mi ni‘l"ﬁ@”ﬂnbﬁh@'?ér‘ hiigingaht MEfahdeTBAS Y Ilggrss%%?/ncompnse a

reflected lig
single cartrldge allgned adjacent the disk.

The first and second sliders may be aligned substantially in parallel
with respect to each other on the cartridge.

The means for aligning the first and second sliders may comprise
separate cartridges for positioning on a same track of the disk.

The means for varying the rotational speeds of the disk relative to the
first and second sliders may comprise a motor coupled to the disk for
changing the rotating speed of the disk.

The rotating speed of the disk may be variable from about 1500 to
about 20000 rpm.



intensity. The nmeans for aligning the first and second
sliders may conprise a single cartridge aligned
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aligned substantially in parallel with respect to each
ot her ona_thhe cartridge. The nmeans for aligning the
first andn8c385RAd3lidge maynRgve: aramalter rapgaradtfiging height variation

carﬂqrahc{ﬁgsrﬁrétcg"dg?siti oning on a same track of the
di sk. The neans tor varying the rotational speeds of

the disk relative to the first and second sliders nmay
conpri se tor. coupled to the disk for changing the
rotati nngﬁg'Eﬂ ey ygp%/@_a pReitive psessuge shderdesfign.he
di sk may be variable from about 1500 to about 20000
rpm The second slider may have a smaller range of

flyi ng héhgisecond stidéronay have Bheedativetpresdirerslidé&esign.
first slider may have a positive pressure slider
design. The second slider may have a negative pressure

slider dEisé gmeanEfer m&%rérﬁéanﬁ?ﬁ?ﬂ@s H {r{(;h@ﬁhre(ﬂﬁgted light

changes.in the first reflected_lig ensi
medENFRY aRdhiig Mmrpnshioryveanding the seedndirghected light intensity

i 17 8o bR o 2R apeats e e Rl CRveenote.

DRAW NGS .These and ot her aspects and advantages of the
invention will be described in detail with reference

t 0 BRIEFDESTRIPTION OFAHEBRAI NY%C“: FIG 1 shows
measured i ntensity changes for | oad/ unl oad

;:al i br athngse ands othek laspectseand r adilanthgess iof the nveRon will be
OeSEM &R @étgﬁ WiR reference to the accompanying drawings, in which:

FIG. 1 shows measured intensity changes for load/unload calibration.
FIG. 2 shows measured intensity charges for RPM calibration.

FIG. 3 shows a dual slider assembly cartridge used in FH
measurement according to an example embodiment.

FIG. 4 shows a schematic diagram illustrating a flying height tester
according to an example embodiment.

FIG. 5 shows an ABS design of a testing slider of the dual slider
assembly cartridge of Fig. 3.

FIG. 6 is a graph of FH variation as a function of spindle speed for the
dummy slider of the dual slider assembly cartridge of Fig. 3.



FIG 3 shows a dual slider assenbly cartridge used in
FH neasurenent according to an exanpl e enbodi nent.
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hei ght tester according to an exanpl e enbodi ment. FIG
5 shows an ABS desié;n of a testing slider of the dual
slider &dSerfslanctki®r 7dghouf sehematl: silleGnd tors vievdy Righectively

of @t | funct.ion of spindle speed for the
dur%%r? 'ﬁﬁ%@d A%%%?ﬁ%@’(fa'é? S&?j‘f’rder assenbly cartridge of
Fig. 3. FIG 7a and FIG 7b show schematic side and top

views respectively of a nounting assenbly for a
slider. PG8 B AIraphreliswisa cwicagrarisonpeli Flomeasufetent for a

e RH SRRy o RS RRAL Mho dhér 168 K eraion methoo
sl iuding thestidbl gssEmnblyicdgitidgé ofiFly. 3. Figure 9 shows a

flow chart illustrating a nmethod for optical flying
hei ght neasurenent according to an exanpl e enbodi nent.

DETAI L Siur&M-NHN & 5 iifdstratjing S8 for optical flying
c’ugl S |W |d

cartridge 300 which accormpdates a .

as beight ynezsRrethentacoveding tolem etdnigle erisodinémmy

slider 304 and the other slider is a testing slider
306. Both sliders 304, 306 are nounted side by side
such that the flying height calibration and the i
nmeasur enent ﬁrocess can be done sinultaneously w thout™

di DRTAILRRINVENTION-BISCLOSURIBO. The dummy sl i der

2P e el SRR oo 300 b ShSCmheitda v sicer
Fi gssembily 302wwheres ohergitthe stiiedism dlhitey SAdéMm804 and the other
U 18'18%ng STder 306, Both sliders 304, 306 are mounted side by side
such that the flying height calibration and the measurement process can be
done simultaneously without displacement of the cartridge 300. The dummy
slider 304 can be repeatedly used with different testing sliders by merely

changing the testing slider 306.

Figure 4 shows a schematic diagram illustrating a flying height tester
400 in the example embodiment. The flying height tester 400 comprises a
transparent disk 402 coupled to a spindle motor 404 which controls the
rotational speed of the disk 402. An X-Y-Z stage 406 is provided for
mounting a dual dummy and testing sliders cartridge 408 in the example
embodiment. The spindle motor 404 and X-Y-Z stage 406 are mounted on
an anti-vibration granite base 409. It will be appreciated that in different
embodiments, single slider cartridges may be provided for the dummy and
the testing slider respectively, each mounted on independent X-Y-Z stages.
In such embodiments, a potential interaction between the behaviour of the
dummy slider and the testing slider may be reduced.



400 in the exanpl e enmbodinent. The flying height
tester 400 conprises a transparent di sk 402 coupled to
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speed of the disk 402. An X Y-Z stage 406 is provided

for nounting a dual dummy and testing sliders

cartri dg'Eheﬂfgﬁ height Hestex adpl eoraptiset aewhite gkt sired! £10, and an
e, nount e

G SpbapteTidodicass! St Mmaral ud2 for directing a ligh

\ | $biitcé far ) TBAhSe of Y
SPTg) S R08Y Shlo LPCPBLeRg 98 S g 02 ana e
t heik Baaring surfacrs of érepéumnweayd tesliry shislers eld 4016. The optics

in e S . In such enbodi nents, ) .

porTaaa 12 Ty tERen PRl GERGUISTT BF fiing different

duwaveldngties prish ttoe thesdéteatioh | Bpfics™syskin’ ad8C sy Tsforming

fly height tester 400 conprises a white |ight sourc

410neastfienenkiRt diferont wavelanethait i cal |y i ndicated at

nunmeral 412 for directing a |ight signal fromthe

l'i ght source 410 towards the surface of the disk 402

and t he Aaimichesnopeg systehacigglwefing he 4dummy12 falajrﬁnth &85 tdatera 420,
iders 414, 416.,.The optics system <4 urther _

iL:ﬁ‘ﬂ?%&gp%&H“E%l“zéod%‘éﬁérﬁ%qtﬂ fon junit42% gndi mpart@rgﬂm is also

wa o

or ey o maritele AIRring of S¢ Fich 36kt Sonah BbETb & font source

A Al r%ﬂ@p@sﬁygﬁmlrMamgr@rﬁao@@mfahemm ardregsting sliders

42 44n1'1%oscope optics 421 , inmmge acquisition unit

428 ahd monitor 424 is also provided to faci litate

aligning of the incident |ight signal fromthe Iight

source 410 on the respective air bearing surfaces of .

the dunifyORpdtioader fglibrptige endineasurementnthepdumiiyand testing

oot 13t 40 08, AGHEATSH, whoSadbIBY 40F.b8 Mouning
usaagembligst 419 419, and the cartridge 408 is mounted on the X-Y-Z stage
406. Next, the pinhole of the optics system 412, coupled to an X-Y-Z stages
unit 425, is positioned such that the incident light beam from the light source
410 is positioned at the trailing pad of the air bearing surface of the dummy
slider 414. For the calibration measurement, the spindle motor speed is
varied from about 1500 to about 20000 rpm while the intensity is captured in
the detection optics system 418 via the optics system 412. The measured
intensity is recorded and stored in the detection optics system 418. The
detection optics system 418 in the example embodiment includes wavelength
discriminating beam splitters 427, respective light filters 428 for each
individual wavelength of interest, and respective low-noise photo-detector
elements in the photo-detectors 422 for each wavelength to be measured.
In the example embodiment, the dummy slider 414 is designed such
that for a variation of the rotational speed between about 1500 to about
20000 rpm, the dummy slider 414 undergoes a height variation of just more

than half the respective wavelengths to be measured with the flying height
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assenblies 417, 419, and the cartridge 408 is nounted
on the X-Y-Z stage 406. Next, the pinhole of the

W@pi7oM0syst em 412, coupled to an X-Y-Z st agesPCmBG2006/000387

425, is positioned such that the incident |ight beam
fromthe |light source 410 is positioned at the .
tr 5¢$tpﬁéoga§1@ COYRIINg eng daXimyns antlanmimiing fr{hﬁﬂulﬁmhsities pair
| 1 ~Lh i tion.neasurenent, e . . )
<pi ol e Sespetlie LR F RGN o T BB s 000 aneismun fringe
200#Onsifies wire | deteintined thynsddnning ﬂ‘%G%Hrtﬁg rh@aél%}@d intensity data
detecti,on o tt'i CS system 418 via the optics system 412.
Thé’vﬁﬁgé%rr%ﬁ IPREkFRSQd) range; cist sedngrilesdetertined magimum and
d | i ' et ecti.o ptics
oy a1 fis S e Molideal IR eSTRh e nedstrement
wavel ength di scrimnating beamsplitters 427,

[ [ [ 428 f h i ndi vi dual
Lt U p——
phiHeotrafing Ry oﬁik@@iﬂb@aﬁﬁ%%ﬂﬁ’aﬁ?%‘?ﬁg ?é%ﬁ{%@e‘r‘%% 6 °Fhe light
each wavelength to be nmeastred. Tn'the'e
entéensiies measuretlifrom thiei tastingt $Hdérsd R aithes mBaSUEAast one or

i.at | he. . ti | eed between about
e R St Dl L Foae Sk i tesing sicer 416,
unaed Joe thei réspedfiive Waa Vel ndtAs Of The! $HH 'H?rtljef,\tdg%g{‘%g&er 416 can

I ths to be neasure
 hehdeenla Y%?%@mw\éﬁgi%g,maﬁwmﬁr@rm:@mmm@g mtansits of the
i i i ' i 1.1 jr. for. respe
eI oldePo4 AR HeBSHBA ntoriing olinkesing sider 416 at the
| espectivee svaveterither nTie destings ehdet A96t &P té)%ereplaced by

data over the rotational spe
AL ARG et oo hd edemant myhia e mmyralider 414
| thay Dt fetSs fdr'?aenthrﬂgiaﬁ’bfj(?iﬁ% é’?ﬁ‘f@%tﬁ@gélg@gﬁéﬁsﬁgnpgts. In the
nmeasur enent. The pinhole o e OptT Cs™'S)
t Iascsihpdtexaroplet flee saaﬁbmtiename_tab&rdr?éhgbl tﬁtgri%fvtﬁgr ﬁﬁurﬁﬁﬁl slider
' eari rtace of the testing slider 416. _
AR dHefe] K Relbu retpactium ORtcelesimdgiosi iatofher time of
lanmeasurehwdnt \Wgs dlfﬁé@'erﬂttegfiﬁg @liders, since the optical conditions may
vary over time, to increase the accuracy of the respective calibration and
flying height measurements.

In the following, the mathematical details of the calibration and
measurement method described above are provided.

In the described example, there are three measured parameters.

Real_min, i.€. the reflectivity derived from the minimum fringe intensity
measured from the dummy slider;

R _measure, i.€. the reflectivity derived from the measured intensity from
the testing slider (or the dummy slider), at a particular rotational speed, and
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the testing slider 416, and for the respective

wowogloangt hs. The FH of the testing slider 416PCHRGLU0€N00387

be cal cul ated using the madnum and m ni num fringe
intensities of the dumy slider 414 and the neasured
i nt ensi Beaigiant kR thestellagtivilyi derivediBoax thehmaxespectinge intensity

wa [ ng. slider 416 can then be
re\éﬁ%ﬁ‘gé@%‘mﬁqéﬁwglqs?& slider for a next

measurenent, while the dumry slider 414 nmay be re-used

for a ngn‘oer of different testing slider neasurenents.

In the d&eretisal yalyes! dor tthe daaxiprumi endneaimimenenefiectivity,
usi t he m slidet, 4 f each

r esi,:g%% Ve opt |h8‘3§‘f-m'8’o(§1adq| %ég%fcglé@g gst@@’%f

measurenent with different testing sliders, since the
optical conditions may vary over time, to increase the

accuracy of 5t |f espgct i ve calibration and flying
heiltybt_me T : the fol l owing, the
mat hemat i call““@lektz iﬂ%’ll’é the calibration and

rreasurerrentrzrr_gwng dEfSIC” bed above are provided. In (3), (4)
theamgogsngnrj:héd am%ﬁ 2l there are three neasured

par aneter s 1+R¢pi[ mamlr] -b. the reflectivity derived
fromthe mninumfringe intensity nmeasured fromthe

dunmy slider; R neasure> i.e. the reflectivity derived

fromth sured intensity fromthe testing slider

(or theﬁhgﬁq%ﬁgl ielaip)a t'&%o"ét'i%lrrt? IgeHoft valyeaRuemal at a particular
s pastghiorfi) @Beatli toth% mbasuredfifafetdreCiHe/d . i
fromthe %I?Si mum fringe int eF%;at yiénrgh{sHuér/gg%P{rﬂﬁnbﬁﬁgnon can be
duHWiﬁegF i der. Theoretical values for the naxi num and
mnimumreflectivity, Rtheory_max and Rtheory_mn, can

be calculated as follows: In order to relate a

t heqvgﬂgat'yl_cgtlhwlrﬁufnl ectkggllrygkgl(e,m Rt heory, t a particul ar

—R —R

theory _max theory _min cal _max cal _min

From equation (5), the following equation can be derived, relating
Rtheory to the measured parameters as follows:

R —-R_, .
. measure cal _min
Rﬂleo'}' - R —R (Rtheoty _max Rtheaty _min ) + ‘Rtheory min (6 )
cal _max cal _min -
where

where r; is reflection coefficient of the disk-air, rs is reflection
coefficient of the air-slider:

n, —n, = ny, —(n, +ik,)

r= b =
! n +n, 2 ny +(n, +ik,) (7). (8)

where n, the real index of the air above the slider, n, is the real index
of the disk material and (nz-ik») is the complex index of the slider material.



rotational speed to the neasured paraneters, the
follow ng equation can be utilised: T) T) T) n theory
WO b@0/0y0015i n nmeasure ca/ min n n n n (5) theorPCT/EEN06/000387
theory _ mn cal nax cat nilh From equation (5), the
foll owi ng equation can be derived, relating Rtheory to
the nmeasured paraneters as follows: n DR measzre cal
t heo

mn t ry X (RT th t a. xv
mn) + tﬂgﬁ?ﬁl ét}ﬂf}?) (13)3’1"?&%%‘?”( 'Wf%%%eﬁke fitlvéing equation
i s foeRl&Gtdabe asfivegi ent of the disk-air, 2 is
reflectlon coefficient of the air-slider: r - _n
0 -/ 2 A 2) (7)), (8 "0+ (" 2+2)
mhere n0 the real index of E alr bove the slider, 1
is the real |,n?d.etf lbizyll}elcgé( Ea! and ( 2-1k2) is
5 theRcorrpIIa,x i ndeX’'of "t'hé dér rial. From - (9)
equaf’te‘i'?”onsj- (I) a Tl (2) (s (z rou d), the foll ow nd
r2| fcos j

~ N

equat i on 1+7 || +2n),

where ¢, is the phase shift on the reflection:

4, =27 —tan™ (2”*"} (10)

n; —n; —k;
10

From equation (9), FH can be calculated from the following equation:

cos |2l R U 41))
2]"1 |r2 I(Rtheory - 1) ’
A (11)
4

FH =

15 Using equations (6) to (11), it will be appreciate by a person skilled in
the art that FH can be calculated based on the measured parameters Recal_min,
Rmeasure, and Real_max-

Returning to Figure 4, the rotational speed is controlied by the
20 acceleration of the spindle motor 404, which is a constant value. Rapid
acceleration can generate excessive heating, sliding and wear to the spindle
motor 404 bearing and may eventually disrupt the stability of the
acceleration. Therefore, smooth and steady acceleration is preferably used in
the measurement so as to maintain the robustness of the spindle motor 404.

25 This can reduce the jittering and noise in the spindle speed variation.



for Rtheory can be derived: (9) where fs is the phase
shift on the reflection: Fromequation (9), FH can be

w@adcov@mted fromthe foll owi ng equation: Usi ngPCT/SG2006/000387

1

(o

1

(%}

20

25

30

equations (6) to (11), it WRI|l be appreciate by a
person skilled in the art that FH can be cal cul ated
based onlhehdumeas slidel psediimtthe ddlcabedi gxampledes W& rHaximum

ol BB et A s o
4040, W .5 v iy ool S ool o 48t oo

k
gener _at € excesslv g, ) wear to
spiagainst foe gpindia speedi vayiation respeetiesty.uBid. \6 shewsphat the FH

S 55t o) B AT, 08 008280 s o

nmeaboute00 teabaat 1000Rimbaidkahiifle rs?@éé,tr_ﬂﬁ?é %ewﬁg design of
spi,ndl e notor 404. This can reduce the jittering an

noitlk& dummy, slider isqar iropedant, fadter toodetenairmhajst@gnmpof the FH
j j X1l mu .
1 efiahded A6afiSe fd SFHIRXIIEE A BrerbMBaRd B 366 qwmmy sider

45@ilhminimias theWuakiatibnnm thei BH. B kshry gnd fesditiblchéhange of
600 agai nst the spindle

[ d the FH pl of,
égggg%\s;lg?‘?r}ﬁ?q%g%%g&o:?ég@ itg I‘?/'?'}'W@( aegﬂ%\n@p@ﬁéﬂbleiﬁl‘l Rihanges.
' A t u nm a .
Speed chadeLaPRHe SRR Segr tedainl R oBeREE Bésined to
exaapPramasieéel theyageeptabte ABScHanges farf tHehtestingmglider so that no

i i ' tor, to determne the, _
ot Sifer diSk IPridiR GdeUEh ST Mot TSR Tabisalipcthe testing
A _ . . . D 25 _
[t g o USRS RIS 5. oo
ch %%%0 wmeHigher or dowerngpesdsoihgartbe acoeptable spiadte spekd range
NOgar eRARANE fBETNAMNSF to crash. Therefore, the dummy slider is

preferably designed to have a FH variation that can accommodate this
acceptable spindle speed range.

Figures 7a and b show schematic side and top views respectively
illustrating a mounting assembly 700 design for the dummy and testing
sliders. The mounting assembly 700 for a slider 708 comprises a base plate
702 and a suspension 704 coupled to the base plate 702 via a hinge 706.
The slider 708 is mounted at the trailing end 710 of the suspension 704, and
has the air bearing surface 712 facing towards the disk (not shown).

With reference to Figure 5, thie design concepts for the dummy slider
in the example embodiment are:

i) A positive pressure instead of negative pressure slider design. The
existence of negative pressure in the dummy slider design increases
the suction force when the velocity of the air-flow rate increases;
eventually reducing the ability of the slider to fly higher.



The range of the spindle speed variation is preferably
desi gned to. accommodate the acceptabl e FH changes for

wo b@7e®its ng slider so that no slider-di sk conP@rsG2006/000387
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occurs during the neasurenddt. Typically, the testing
slider will have a pre-determ ned acceptable spindle
spdied r dngludeea ghallgeostep HPAiity mach 56R HIRT skie-paIEE04, 506 for

ds t the agceptabl e i ndl e speed range can .
chuse t ROt sl 87 B siver; 3B Hipsasdiohe Binatossise of the siider

dunmy  shili tHeslirdfae Vel inddessaied to have a FH
varjation that can acconhobdate this acceptable spindle

spdbd rdRgledem parrew graoun 08 lettweencihentd sidei pedsabi4, 506 to
' el y i i mount i
neeri SenBERESE it dmblipt Rk, ArdSBlie miteh cam reduce the

The noumH tgabewetdniny. 700 for a slider 708 conprises a

b | at 02 and a suspension 704 coupled to the
bgi‘é IoI i‘i“gu;‘?}.@ Vishage mrﬁganﬂ%w%ﬁﬂ%at ther leaddgi edge for both of

tdee B t he..suspensi on, 704
and has U S'FpadScunB08 1 Aol S SBIBHRE Al ad When the
t he di skn¢anvelstityofthe\litier inefersegce to Figure 5, the

e B8 T 5F e pimimy 8ol T pideraie diffeseatn hctonalty. The
negstingeslidle? 5§ Wisicsly Migﬁ@&rﬁ‘%@ Trsa]vlgﬁnr %giégfrgéy ?ov?nggggg thus a

negati ve pressure in the du incr
t hBighy bepative qressutihedesige iselypidally used. h@nathe btew hand, the

' es; .event pal reduci ng the ility of the

o1 Gy SIS IER B v Aot Seis ardki spetion with respect
trto lihedinead VEdcigner the esphadie §5%bd Qg%ég?ﬂrebmé‘ {ﬁé)ﬁﬁﬁum and
of the slider. This increases the air-pressure of the
s| MRIPUR &inganigtensitynair ep sleiscribediabewses. i)
I ncl ude a narrow groove 508 between the two side pads
504, 506 to

The optical constants (n and k) for the dummy and testing sliders are

preferably similar as both of them can be fabricated from the same wafer and
material. Both sliders are preferably fabricated in the éame row-bar where
they undergo the same etching, lapping, grinding, DLC over-coating and
other fabrication processes. This can ensure that the optical constants do not
vary significantly between the dummy and testing sliders due to the
fabrication tolerances in the processes. The optical constants are an
important factor in the measurement because of the Iight' reflection
dependency on the optical constant for different materials. The n and k
differences between the dummy slider and the testing slider are preferably
compensated accordingly in order to retain the measurement accuracy.
Table 1 shows the optical constants for both of the sliders in an example
embodiment.

Table 1: Optical constants for dummy slider and testing slider

Optical n@450 [n@550 [n@650 | k@450 | k@550 | k@650




generate a small anobunt of negative pressure which can
reduce the FH to about 10nm iv) Include a V-shape or

web@ma01509, 510 at the | eadi ng edge for bot hrOf/SGH®6/000387
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si de- pads 504, 506 to allowtaccel eration of the
air=flow when the linear velocity of the slider

in(:ﬁeaswﬁt The| desi gn |of the dumy ang testing slider

H A £ aoron 1 11 i i 5t i i
I s rdifferent—pfunethonaltyr—Fhetesting slilder is

typicaMY designed to |have an| extrene|y | ow FH and

t huSligehi gh nepati Are re han ircaly
used ! eoq'h the o h(g?\sﬁardzﬁﬁe dg'ﬁrﬁnt/)gsl geérﬂfé? dgsg%q?éd 0.47724

to| H&@snag wi de| range of FH variation With respect to

S i a2 mi 198 hop2 PRBane) 0.9 1681 | D407 | 0.52469

descri bed above. The optical constants (m and K)j—for
t he dum%ﬁand testing sliders are preferably simlar
as both detefiminatiore dfatand aompensatiohhfors éne difié@nt optical

BB Bl B 5L o o el Sl e
et tditmigud dpstrited §1 L@dﬂ_}%@-’c aPL€opnSpor@ik) 38Ry cco

fa?ri ati on processes. IS can ensure t’h’at t he
op %éret‘d%ﬂa@m'@aldﬁlym Hedght Megsurdroant’| J\EEE Weamsactions on

{ OIS, A6, 129 14 IOk e b Foa— Ae, Sor actaar, the n,

tol erances I n' thé procCesses.

ankivajuest fontthé aluinemyistideh eanbasetstaineat thReegH are&f mbBSurement.
i ght trefl ecti %ﬁ dependeq(c%'@on_the opti cal ~constant _
f of Ohithe dPelig fliden 3D &, kramisafiest okiainedy @ncethe flying height

begRrdrhiéntd Yamorsledel a0 UEihg I | r
preferably conpensated gc%o?’&%ﬁ(grl] yﬁ%hgrg@r C?cggersgt ﬁ’i A( values
t heomparag ionbetonescdetarpineddot thelduwhmysslidee opt i cal
constants for both of the sliders in an exanple
Fig. 8 shows a comparison of FH measurement results for both a
conventional testing slider load/unload calibration technique (curve 800) and
the RPM calibration of the example embodiment (curve 802). The results
show that the load/unload method with high fluctuation resulted in a variation
in the FH measurements, whereas the RPM method of the example

embodiment provides measurement results.

Table 2: Standard deviation for the FH measurement
L/UL [RPM
Stddev  [1.151 0.263
Average [7.805 7.195

Table 2 shows the standard deviation for the respective FH
measurements of Figure 8. Better standard deviation can be achieved using
the RPM method of the example embodiment, which provides a higher
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enbodi ment. Table 1: Optical constants for dummy
slider and testing sliderThe determ nation of, and

waeorpem®at i on for the different optical constaP€CT/s6006800387

can be based on a nunber ofl5techni ques, for exanpl e
the techni que described in Leong et al., "On-Spot
( n,IRpedahise measuement, @SPpetially Foe tive iFdh sﬁuenscahd FxtileSely high

e BRI gl RT3 7 et

particular, the n, k values for the dummy slider can
be obt ai ned through di rect neasurenent. For the

testi ng H9uEY shawsia flewrshari 900 jllustrating a: methodaﬁmd opttieal flying
f d at a, locati
et RS roffedt UcBBRfiha RG A pRFR R aos diRen scstep 002,
detfles’cmlmied a‘mlratslmodd%%eﬁﬂaréeéhgnédga fj§cé|ﬁ°é\ﬁréhsparent disk. At
asurenent results
g&,‘h?ﬁgnél "OF%QW §Peed fr theodigk ualadive tedhebiirst istider is varied
t eqiHar&b\Ea %Eﬁg %Q\%eﬁ@ﬁie ggsg %fl S M&r@%% %Eﬂﬁég% ntgttstep 906,

exanpl e ‘enbodi (curv he Tesu

t hehangey imlaofinst mefﬂetmield vhghh nhtleghlt)f lceasethtbyointdrfsisht€ bf a light
asurenments, whereas the RPM

oA B RbRRasdhaitEorh e sadtop AbY i Gaht b powi refiectod
r efroht & sUidddee o thSthsid aird rHSHétﬂ’eHOVvﬁg?édetm% FA’t‘ﬁtI?nal speed is

measur enent Tabl e 2 shows the standar vi at
t h¥anied g¥er avangsisteh dbatoremaxihufi gnd eniBimi@etintnsities pair is

o AU PR B B SRR 2t B85, & Sotad erecta gt
hi gﬂms@pmmw By mﬂ@srerwa CRGM CdighaIYp érﬂbn'r‘éwe&gg from the
sliders dgléextremal y .hi gh negative air-pressure A

de§?(§q{‘ds§ 2gd ¢f'@fﬂﬁr%993|swmn éeﬁlﬂ%QiWi &oa & Dotace of the disk is
| higaklAld 8% fixdF dﬁlgﬁoﬁﬁrs QR ey Féhﬁgglﬁkﬂ!ﬂ{] {_heA§econd slider.

measur ement according to 2N exarnp
stBb st€ 918, a flying height of the second slider is calculated using the

measured maximum and minimum intensities pair and the measured second
reflected light intensity.

The described embodiments provide a method for optical flying height
measurement. The described method provides a novel way in separating the
head and the disk in the calibration process by utilizing a dual slider
assembly where one of the slider is a dummy slider. The flying height of the
dummy slider is preferably designed such that when the spindle speed is
varied from about 1500 to about 20000 rpm; the flying height is linearly
changed in the first order range of the light wavelength of 10 to 450nm.

It will be appreciated by a person skilled in the art that numerous
variations and/or modifications may be made to the present invention as
shown in the specific embodiments without departing from the spirit or scope



first slider and a second slider are aligned adjacent
a transparent disk. At step 904, a rotational speed of
wo b@7a7®ks rel ative to the first slider is variPBdI/SG2006/000387
wher eby a spaci ng between tihe first slider and the
di sk changes. At step 906, changes in a first
r efof etheednvergion iast breadly dessibeédbyThat grebentersgbedinfents are

[ ignal, porti.qn reflected fromthe first slider
ang,lq%r eﬁfghﬁ) Q$§ﬂg§lgﬁm ingHl respecisite derifigstiative @ndaret restrictive.
the di sk are neasured, wherein the rotational speed is
varied over a range such that one maxi mum and m ni num
intensities pair is neasured in the reflected |ight
intensity. At step 908, a second reflected |ight
intensity caused by interference of a light signa
portion reflected fromthe second slider and a |ight
signal portion reflected froma surface of the disk is
nmeasured at a fixed rotational speed between the disk
and the second slider. At step 910, a flying height of
the second slider is calculated using the neasured
maxi mum and mninmumintensities pair and the neasured
second reflected light intensity. The descri bed

enbodi nents provide a nmethod for optical flying height
nmeasurenent. The descri bed nethod provi des a novel way
in separating the head and the disk in the calibration
process by utilizing a dual slider assenbly where one
of the slider is a dummy slider. The flying height of
the dummy slider is preferably designed such that when
the spindle speed is varied from about 1500 to about
20000 rpm the flying height is linearly changed in
the first order range of the |ight wavel ength of 10 to
450nm It will be appreciated by a person skilled in
the art that nunerous variations and/or nodifications
may be nade to the present invention as

1
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shown in the specific enbodi mrents wi thout departing
fromthe spirit or scopeof the invention as broadly

waelemacnitwesl. The present enbodi ments are, ther ePOI/BG2006/000387

be considered in all respedfs to be illustrative and
not restrictive. CLAIMS 1. A nethod for optical flying
hei@IM@asur ement, the nethod conprising the steps
of: aligning a first slider and a second slider

adj acent a transparent disk; varying a rotationa

speed of1.t he Adinsdthb@! faF iopBcalofying Iﬁéi?ﬁf tn?]éeésgﬁér&\\gﬂﬁrtﬂgymethqd

a spaci hg between the first slider a

chsRgwsising:thestepyothanges in a first reflected |ight

i nt ensi tyy; o] r of .a |light signal i
porti onta\rngﬁ ﬁg’?ﬂﬁé?ﬁ'%%ﬁd;gP :s{gér?d §{'(iiecf<ﬁdjg9ﬁmé‘ ﬁgl&garent disk;
si gnal paryingnar efthtisriat dspeedmof thie! bdke refbtilvdeod s first slider
wherein the rotational speed is varied over a range

suBereny a sracighaiaea e fiishsliden and thesdisk ebapges; i s
e g, CBAGE 5 B, OGS R "Bl b

i ninterfeneane efct lightl sighal miriomrefhauted dror ehé givsteslidkr @RY a light
portion reflected

t he ond.slider and a |ight_ signal [ f

t rSanar BRRich cfotédrin o Shifage fareing diskanbisrain Sy eatational
beg it hea e d,t iJder . -
D e o o, e e, MAc'She, MSRRh Ul i
neléensiies BT inmeaadred inithe reflactedh Eghtiintensityr  and t he

[ j ght ,int jty. 2. Th
et nod MEERRG . Socotel Earted gt ruBRSion Eavec by Gaigrierence of
sea tightt sighalgscrtion eefiButed fEnPIhedsctond! SideRLhd 'a]OI fit signal portion

al | glned adj acent the disk. 3. The nethod as c
cl &RFEd TRRY Bistriase afi thetdisihat eefxastirathtionalsspmed between the

al digRAAdIHE T6BBhG Blidef; bRgParallel with respect to each
ot her on the ’
calculate a flying height of the second slider using the measured
maximum and minimum intensities pair and the measured second reflected
light intensity.

2. The method as claimed in claim 1, wherein the first and second
sliders are mounted on a single cartridge aligned adjacent the disk.

3. The method as claimed in claim 2, wherein the first and second

sliders are aligned substantially in parallel with respect to each other on the
cartridge.

4, The method as claimed in claim 1, wherein the first and second

sliders are positioned on a same track of the disk utilizing separate
cartridges.



cartridge. 4. The nethod as clainmed in claiml,
wherein the first and second sliders are positioned on

wa@2@aimots ack of the disk utilizing separate PCT/SG2006/000387
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cartridges.5. The nethod ad8clainmed in any one of the
precedi ng clains, wherein the rotational speeds of the

di sk relfti vaheomethod iasstladmed srcamg oplel 8P tse Préceding claims,
vari.ed eed of the disk. 6

h .ng th tati _ :
TR IOB k50 B Bl i, st soon
f idt i ' gﬁgég Q. about
gggggegparabh?rﬂgﬂdg %ﬁr@og gg: {?F%m [ rﬁj éﬁt@gocﬁ%('of t he
precedi ng cl ai ms, wherein the second slider has a

mal | er yan f fl.Vi hei.ght, .var,i ation than t he .
first s der. g metiodids iteired ip drit & whegpsy therrotating speed
whef thediskés Varied frohi dissuthBDoaoRbDut LBBOE frsﬁfur e
slider design. 9. The nmethod as clained in clains 7 or

8, wherein the second slider has a negagiye pressure f
slider Si 1 C med in . any one.o .
the pr e?éedi ﬁgh& %ertr@,w\ﬁwgg{;lgﬁﬁe@a% %@a?ﬂ?e?}fgmes%ﬁchlw claims,
chaigesinithe tdeeohd rslitler bbb ecsradiién @ingei 6Tt MB/SY height YatiBfion than
segon eflected Iight intensity conprises _
neﬁgh&@L§W¥§'at di fferent wavel engths. 11. A flying

hei ght tester conprising: a transparent disk; neans

for aligning a first slider and a second slider
adj acen%- a t Thespethedtasiclaimed in claim 7, wherein the first slider has a

positive pressure slider design.

9. The method as claimed in claims 7 or 8, wherein the second
slider has a negative pressure slider design. |

10. The method as claimed in any one of the preceding claims,
wherein the measurements of the changes in the first reflected light intensity
and the second reflected light intensity comprises measurements at different
wavelengths.

1. Aflying height tester comprising:

a transparent disk;

means for aligning a first slider and a second slider adjacent a
transparent disk;

means for varying a rotational speed of the disk relative to the first
slider whereby a spacing between the first slider and the disk changes;

means for measuring changes in a first reflected light intensity caused
by interference of a light signal portion reflected from the first slider and a
light signal portion reflected from a surface of the disk, wherein the rotational
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means for varying a rotational speed of the disk
relative to the first slider whereby a spacing between

wo b@7forewss slider and the di sk changes; neans PCI/SG2006/000387

measuring changes in a fird? reflected light intensity
caused by interference of a light signal portion

r efdpeetleds fvaniedt beer ia stangki dach athat and ghaxigtiAabnd minimum
por.tion.reflected froma &‘urface of the disk, wherein

t hdMEREILER HRIs Pirasured nfhesefisgied light Witefsityuch t hat
one maxi n ki [ ft I i b8 s ed
int heX:rrg?laE%t @3%?% rTTdntg éﬁ@fdt y'teﬂ%gfaéﬁs “ﬁggs'ur(%ﬁsg&a caused by
s e dfptferarfoecet adight gignal mosticn reflectes éBnbyhe second slider and a

 ndBEL BGRAP Bofloavablt e ek Shie bk e rbedcotatonai
f r spead betbeeretef diskandithk sakoRd kjid&dangt at i onal speed
bet ween the di sk and the second slider; and neans for

cal cul atMeRnsfan Galagating ghflyiog height of dinel seicodedrslider nging the

th 20: 0 i ni-num int ensi ti air and
i R BTt By ReRSIRS R Rof igmsis second
t eseftacted lightanteadity.n cl ai m 11, wherein the neans for

aligning the first and second sliders conprises a
single cartridge aligned adjacent the disk. 13. The

tester g% cl g ' aj : ingghe first, and
second s"IQi de?gggfrégltéah ?én%@]";'%%s'wgﬁ'?% ﬂ/ ﬁ'rq]e é’ﬁam%means for
wi elignieg dbet finsb andc becaritksliderst bempeisés iadgingld 4arffldge aligned

te r laigred in claiml1l, wherein the neans for
aI|a Cﬁgéw&eﬁ?lf'rst and second sliders conprises

separate cartridges for positioning on a sane track of
the disk, 15._ The tester as clained in any one clains
11 to 143- whéheitestenas claimed in claim 12, wherein the first and second

sliders are aligned substantially in parallel with respect to each other on the
cartridge.

14.  The tester as claimed in claim 1, wherein the means for aligning
the first and second sliders comprises separate cartridges for positioning on
a same track of the disk.

15.  The tester as claimed in any one claims 11 to 14, wherein the
means for varying the rotational speeds of the disk relative to the first and
second sliders comprises a motor coupled to the disk for changing the
rotating speed of the disk.

16.  The tester as claimed in claim 15, wherein the rotating speed of
the disk is variable from about 1500 to about 20000 rpm.
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means for varying the rotational speeds of the disk
relative to the first and second sliders conprises a

worisn7@elipl ed to the di sk for changi ng the roPEr/BGL06/000387

speed of the disk. 16. The2fester as clained in claim
15, wherein the rotating speed of the disk is variable

from abotit. 150 testerbasitcldRRA0INT Ay bhe diNlain®SH8t0a%6, wherein
clgbned in ang oge of cl?ins 11 to 16, wherein the
secoRFeSPNd SupL8a% assmpllen rangagef fiving heiohy vadatien than the first
vargigeion than the first slider. 18. The tester as

claimed in claim17, wherein the first slider has a

positive pressure slider design. 19. The tester as

clainmed jn clai 7 or 8 erej n the second slider

has a nedht i J@‘e&%&ﬁ'&ﬂsec'éim%@f“ S@WQH’ whprein{ge fisst glider has a
as p@bnivgqjjeggurgrgﬁd@,r@egén_cl ains 11 to 19 wherein the

nmeans for measurenents of the changes in the first

reflected light intensity and the neans for neasuring
the sec refl e Lght. intensit re arranged. for
nmeasur eﬁgﬂt se]g]te %ltsf(%eg?éé%ra' eﬁ%ﬁ@'ﬁ%éﬁeor 8, Whrein the second

slider has a negative pressure slider design.

20. The fester as claimed in any one of claims 11 to 19, wherein
the means for measurements of the changes in the first reflected light
intensity and the means for measuring the second reflected light intensity are
arranged for measurements at different wavelengths.



