;e3ec*c& d(:6)B*6x*T*~g, , *a00002 "A nethod l‘ﬂlﬂ‘“l“mmﬂmunor noni t ori ng
flying height and the performance of a slider-di i " T‘ﬂ:gs
invention relates to a nmethod and devi ce for nonitorieeg*flyi ng é\ﬁtR A

the performance of a slider-disk interface at the drive |level using a
slider itself as a flying height transducer. | nu‘mu‘uﬂ“\mu“mmml ng of the
flying height of a slider-disk interface is bechltu easi ngly

i mportant issue in disk drive manufacturing. As Headod¥2sk | nterface (HDI)

t echnol ogy noves to proximty recordihhg and eventual |y contact recording,
the nonitori ngAGhethdd hﬁ&r(i'eﬁcfe'iﬁkﬁ\gmﬁhﬁ%é fiy¥ng Refghtakdsgki ng operations
wll be of great inportance to tribol ogy pefformance testing and

char act eri sat performance of acyidestdisis imtgrface” capaci t ance between a slider and

a disk surface to detect the slider's flying height has been used for nore
than twenty years. O d techniques used a snmall probe formed on the slider's

f . Th | i dey . d I d ifically, f hi .. Ho ,
hi <t ochnol ogy | STIRVERORIAIBE & Besjbaand GevEh of mENE0E io: | ng. and
n nol o . EPETEB i ng
al'20 the pocsMBEpt P4 MERE i dRe AN BEPORICIARRT AT BVERbvel [P0 ' 2

transducer tougRgakiRicr NSelflas Aflyifig hleldhf Granbdiceel eri stics at the drive
| evel . This techni que cannot be ‘used for the characterisation of flying

hei ght and stability during the slider take-off and |anding process as the

head velocity is too small in these conditions. U S. Patent No. 4,931, 887
of Hegde, S. G eln-situ mesitering of thedhying) height ofne shider-diskniserfacents

ol ider rail s BRPIIE NG R g ERBULPHdsien it EY Ut aiREoAY 1 oy
reasur  ng L heeh 395 L GalerRRRHIITIGBRIAP AR YERGo BHUSIRIiCAAordiRghRl or 1 on

t he di sk, and by processing t e capacl tance gna verti cal
spaci ng si gnagvdiit@#ldy totaed retording the hidmifdring el BlgddratfivEap stdhiligi ink and
the slider is obtained. This technique uses a specially prepared disk with
an el ectri cal track osatkitg vepepationsr rwidh bet . ofElgredtr omportahee ufot rtyibotogyur es t he
capacitance directly. U S, Patent No. 4,605,977 of Hugh, B. et al, uses a
capaci tive prbsitpsmincedasing andphasactegsatid. ragneti ¢ head for sensing the
flying height of the head above the disk, and conpares the result with a
reference flying height in order to nmaintain the head at a constant

fGevel oped capac t Fhg RRSHR: of Bsfiehe cipfpffjoelGemRRh thder SREC Uik 1Y
surface to detect the slider's flying height has been used for more than
twenty years. Old techniques used a small probe formed on the slider's
surface. The slider was developed specifically for this purpose.
However, this technology is not suitable to be used in production level

testing and characterisation for there is no such probe on a normal slider.

There is also the possibility of using the magnetic transducer head of
a slider as a transducer to measure the slider's flying characteristics at the
drive level. This technique cannot be used for the characterisation of
flying height and stability during the slider take-off and landing process

as the head velocity is too small in these conditions.

U.S. Patent No. 4,931,887 of Hegde, S. G. et al, describes a method

and a means for measuring head-disk spacing by the capacitance between



U S. Patent No. 4,479,090 of Frater, N. K et al, describes a circuit to
detect triboelectric charges generated by intermttent contact between the
head and the disk and also to detect variations in the spacing between the
head and the disk surface when the two are not in contact. Tridb06eARRta00Z
charges are generated when two materials are rubbed together. The
measurenment of the triboelectric charge is good enough for the detection of
two bodi es inpacting but is not good eaough for the contact process. An
object of this invention is to seek to“provide a nethod and device for

noni toring t h%o&h)i&{i% Pﬁ&&hfail%%cﬁéfﬁ?iﬂ With 84 &%ﬁi#?%f?@%ﬁtﬁétlﬁg{eﬁr mance

of a slider-disk rnterface wthout making any no i der or
the di sk surf ageits By nidastrih§ eherelebaitardpatdtance beanedrethesstiler andrtheluct i on

line disk drive assenblies to nmeasure and nonitor the flying 3 o aPR 200z
3 hei ght and gtastein onythefdiskyend| bydprocessing tthe plactricalwapacitance rsegnal) aler - di sk
interface during. actual, drive worki r}g ccindi tions., Apot her aspect tgf t he

i nventi on seeR&THAl Pagingesignak preperiianal to, thee vertical, sprang batweenithe from a

ded dri . i hi gh -si. ly. t i -0 f fhyi
Derant Cvari ot e apd e stdesdotabo] S ORNmOBbRTs SRESRLY Bhofhrrd”' "
Cabilit ; e ) : Dt
Wi thout - aki sk WER A1 Blcchfealt CORIRARR, Bandindoh 8! EMHoE AP,
i nvention al sqnéagheémeto@p@cimb@ﬁte@ﬂrmni toring the drive |evel slider

contact start and stop process directly froman oscilloscope or simlar
visual display. Simlarly, enbodi nents of the nethod are also suitable for

nder real i sk ariSe RAFRS N chitsOincl THor B 7819, RS HERRRHUNE Che |
Phe- 11y ng noPRETREY Sl Eounit 8 U Bl g SRef sdiname" o' "o

conprises: a faydiro i d { i RGH ive of
The Tl ving helloltop R g edd a e IR B e el S ccer

conpri sing theefdremtey fiyinlg tikdglt nerondet eooinaimaint rtheskkadent corgpnsginng a
surface of the disk, the slider and the disk being conductive; and a noise
suppr essi on d@redasemingdtheightaativivgithsidislal The driieeceonrtning 4 speaifieally gnal

i ndi cative of {he fléi ng height. A further ﬁESR@Ct ﬁf' éhe present invention
provi des a sl 4G¥FIORRH APV pensEL ¢ mpasure g ARG heIghY sii der assenbly for
use with a disk drive assenbly including a rotatable disk, a slider
conprising: a slider body having means to generate, during rotation of the
di sk, an air bearing, pataneeNo.t41879000If Frate?, . ACRt210destrited ¥ éinchit he
rotatable disk, the air bearing holding the slider above the disk by a

flyi ng hei ght totdetectitriboeleatrit tharges gknératedgby anttuaittent, contwet Hewleen and t he
disk form ng an electrical transducer to provide a fl }/)i ng hei ght si gnal

wi t hout nodi f yheheadand the diskrandozlse e detertivariatonsi 1gthg sRaeing fesween

suppression deyice tp ohtajn i gh_sign to,noise ratio for th i gnal

i ndi cative of %}P‘I‘]eﬁ%‘ﬁiqﬁ@ ﬁié? g&‘t912 gwg?%r‘gfé%‘be@{: 5vo ¢ AEe d}oésé‘hthlﬁ'ﬂ’l“znti on
provi des a metﬁﬂﬁ nj i h i ggfhfé.!ng o] Ld a
rotatabl e disk, cg‘rl)r%crtﬁls?i %lréé}%%%g‘}sr%ege%éfdﬁ?o ucl ng&g h@?‘%bhg"gh Bts{fdgnal
indicative of 14§8héd, YTRE nitdk@fdinent OfMtRe ittt chadRss bl edbugh for

t he, transducer conprising a conductive slider and the other pole of the
transducer conie idetention efitwackodits ampacting thuvds nodi gdod theugte o the
including the step of suppressing noise to obtain a high signal to noise
ratio for thecon@mehpraogss.cati ve of the flying height. In order that the
present invention maybe nore readily understood, enbodi nents thereof wll
now be described; by way of exanple, with reference to the acconpanyi ng
drawi ngs, in which. H - tl ' f foYdnadgdigdoht

noni toring system%nngléggfﬁ%&?%@vg?éé@g |%e\%gﬁbﬁ)géﬁﬁ&%gnt}rgtgoﬁl I'S aé)‘géc ematic
di agram of tr #5s dueRiItoRRA PiheN 1y SKeiShPRInGS StadMit§! @Et AOBNdE; ahdodie 3 is a
schematic diagramof eleCtronic¢ circurtry for use with the flying height
nmoni t ori ng syypediormianéé gfiaalider-disk interface without making any modification to

the slider or the disk surface such that the method and device can be used

in"production line disk drive assemblies to measure and monitor the flying



Figure 4 is a schematic diagramof a dual slider noise suppression system

- enbodyi ng the present invention; Figure 5 is a schematic diagramof a
further flying hei ght noni toring system enmbodyi ng the present invention;

~ ~, _. 30 APR2002 5 Figure 6(a) is a peré}p@c&PR/%UZ
V|ew of the fIy| ng attltude of a slider; Figure 6(b) is a side view of the
slider shown in Figure 6(a); Figure 6(c) 3s viewfromthe front of the
slider of Fi gure 6(a); Figure 7 is a bottomview of a slider; Figure 8 is a
t hree-di nen n@ né{]apg sho ng the rel ﬁtlonshl p between sli der - di sk

nor mal i sed g6 ahstability @ Hi‘q %[Hieér@QFié e perfpemangeqel thg stidemdiskdnterfacgl e of
the slider; S|onal graph showi ng the rel ationship

9
bet ween sl i a‘ﬁ}r rg‘foI r%tfwgélgmggggg H%¥ce, the pitch angle of the slider

and the flying height of the slider; Figure 10 is a graph show ng the
experinmental results of the flying hei ght variation of a slider whil st

track seeking betweeAnbthagkasp88 andhé rlﬁokntﬁﬁp@eeWt&fbrb&d@ba%eﬁﬂ)db&nahl S
invention at the drive level for a 50%tri-pad slider; Figure 11 is a graph

showi ng expedevientalsuppsask tthe usiiseg fion es gedumded drive aveor netdegint @ Highect
- the slider flying weakness point at the drive |evel whilst the head seeks
back and f orsignaldeweise ratiadir a dlying beight kariation signal.

As well as monitoring the flying height and stability of a slider and
the performance of a slider-disk interface without making any modification to
the slider or the disk surface, this invention also relates to a method of
monitoring the drive level slider contact start and stop process directly from an
oscilloscope or similar visual display. Similarly, embodiments of the method
are also suitable for monitoring drive level slider-disk impacts phenomenon and

contact recording under real disk drive working conditions.

Accordingly, one aspect of the present invention provides a flying
height monitoring device for monitoring the flying height of a slider above a
rotatable disk, which device comprises: a flying height transducer for producing
a signal indicative of the flying height of the slider above the disk, one pole of '
the transducer comprising the slider and the other pole of the transducer

comprising a surface of the disk, the slider and the disk being conductive; and a

noise suppression device to obtain a high signal to noise ratio for the signal

indicative of the flying height.

A further aspect of the present invention provides a slider and
disk interface of a magnetic head slider assembly for use with a disk drive
assembly including a rotatable disk, a slider comprising: a slider body having

means to generate, during rotation of the disk, an air bearing between the slider

[ awenes sveer |




3000; a 0 APR 2002 6 Figure 12 is a graph show ng the experinental
.results of the flying height variation of a slider during head start
flying, which is obtained by this invention at the drive |evel fﬁr PZ%S%K
tri-pad slider; and Figure 13 is a graph show ng the experirrentsa Al 4 é
of the flying height variation of a slider during a Contact Start Stop
(CSS) test with 3 seconds accel eration, 2 seconds constant velocity and 3
seconds decel eration. Referring to Figure 1, a disk drive assenbly
conprises a yotatable disk 10 npunted on a central spindle 51 driven

b
motor 50. A Bpdyiand e rojaielmdiskederadr bﬁ‘v?éir@q}épléfngaﬂ@ﬁiﬁéhgb@vﬁ@@%b\befyt ﬁe
di sk 10. Th h t [ 31 i ted . to.. i I
motor (vaw aivie e berie s ik héi Sardiste et aen gnding disk: ce

il t i j [ - -adi aj | th
G sk 10 Tneliffin Paf SR Rafisd Mol RGS 1 HRng WG Sank RE6GE "
spi ndl e 51, M%ix@théé&@&ﬁr@@f tl&@ﬂﬁ?%g{gﬂ?éﬂd YGMigd %p%}e@% dagicaxbe 41

of the VCM are 1 Tonductive. The notor -

spi ndl e 51 aobtairi higlbsigasleoaldiseotatiodfet the signaidadedtive obtie: Ayl tasight
Simlarly, the stider 20, —‘_—BT—ﬂ_VCM’_ﬁ‘rer’—GI’TﬁTTa%‘ysuspensi on an arm i
connected to one another. The collar 40 can be either conductive or

non- conductive. In the ﬁ{esent enbodi ment, the collar 40 is non-conductive.
Enbodi nents of the i AREHT onsRseheH the msescnk enmerfion diQuidesva t pegiodafsent

sliders, conpared Wt evi qusl| n-conductive sligders., The sl.ider 20 has
neans to ge%pgftg,rm&}?xp %IP%&Q{%% r?r}gaf Slﬂ‘ﬁeé agaiog R alf?iatéﬁl%aﬁﬁskb%%mpﬁémﬁe%en
the slider 2 . L Thesal . b j.n i.der
20 above t heah o HgBubitgk Al flipft fimaf RRGBE LAY A ghERoR) o
conductive ngh@dduRbr, e PO &@&r&sﬂﬁ@&*'@é’tﬁb .’sihg a cénductiveRI1RR3P4nd the |
rect angul ar and el ongate bl ock having two rails 22 raised proud of a nmain
surface 21 obtheheoit iofethe2@anstoeer aomeeisingj h suzfacdadfi aecdnldacebetdigenthe

bl eed slot 24. The |eading edge of the rails 22 are each provided with a
sl oped ranp swtlfatinchsling the steptaf supprassiagtinaise tsf obfaima thigle aignalythediseen
the disk surtace 10 and the sTider 20. The main surface 21 1s shown In
detail in Fikiiodoy the sigaalhimdinative of the,8ygheighty and the ranp surfaces 23

conpri se the neans which generate the air bearing. Typically, and as seen
in Figures 6a, 6b and 6c¢, the main surface 21 of the slider 20 is not

parallel wth the di f | ] I ,

attitude, such that ﬁﬁg@éﬁéﬁﬁﬁggﬁfﬁ:@t Wpﬁgngﬁl%@% régﬁthgﬁgflggg;ﬁ%rs?(goq,he
di sk surfacecaBddirhénts eRdtoOwalEEw e désrcﬁbe&,tbﬁwa%' JffeRAHipie Wiils keferdricace.
As shown in Figure 7, the rails 22 each have an etféctive l'ength L and a
wi dth W Thetdiheedcompanihgsdrpwimdsem whichtai | s 22 by a gap having a width
W. The interface between the slider 20 and the disk 10 provi des an
electrical flying height transducer which is created by connecting a first

wre to the arm 30 and a second wire to the grounde tor KO, .the signals
recei ved from the fiFgurglds aschematy ﬂ@%l‘%& EBS&%té’P?W@r&g W?ée‘gl yi ng

hei ght of the%lﬁl idder tﬁo abOVﬁ. tv%e idﬁ'Sk 10. The conductive slider itself is
used as one- PBPRIZMEHE PRSARIVERIERt ¢ r ansducer which may be, in
accordance with diff odi paRhsatR didBamN Wb ucd c&ﬁ?ﬁin i ¥8i
transducer, a resist?%ﬂ{:r%%dgcer, or an | aedancer trélr?sfjuce . ho 8¢
nodi ficati Onsvﬂjprémoﬁble@&bnioﬁ; necessary to performthis function, the

slider being prepared in a conventional manner. The other pole of the
f1ying hei ght transdBigmre Soispa sclesnativediagramn oifielectatingk circuBry: fox WwseRwho2 8

the flying height monitoring system of Figure 2;
Figure 4 is a schematic diagram of a dual slider noise suppression

system embodying the present invention;

Figure 5 is a schematic diagram of a further flying height monitoring

system embodying the present invention;
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RSt Dty A ] T e



A nunber of techniques are used for interpreting the signals provided by
the flying height transducer: a capacitive technique; a resistive

techni que; and an i npedance technique. If the surface |ayer of the disk 10
i s non-conductive, then the slider-disk interface may only be used as a
capaci tance transducer. If the disk surface is conductive, theéﬁbi&$ﬁ'ﬁﬁfk
interface can be used as a resistance transducer or an inpedance
transducer. Referring to Figure 2, thectransducer coupling noise
suppression el ectroni cs enbodyi ng the present invention conprises a signal
generator 70 which supplies its signal to the slider 20 in order to obtain
a capacitive inpedance variation signal fromthe slider-disk interface
transducer. An R- EBiguredifa) isAlperspeqtivesiieny of the fliysigattiRideaofia slidar i abl e
capacitor C, is connected in series between the signal generator 70 and
ground, to which the notor 50 is also connected. Another resistor R2 is
connect ed bet ween heﬁggbfer 2Q and t?ﬁggH aIh ener%;or 70. . Thus, the
circuitry conpri s&d8¥gP(B} SiHde Vigw o slideg shewn in Higwe @y branch and
the R-C circuit branch. The two branches are bal anced by adjusting the
vari abl e capacitor C, the values of Rl and R2 being substantially the sane.
There is a certai Figire d(t) vaié‘\ﬂ'ﬁ&niﬁéQ@n@b?&e"!ﬁd&rbﬁ‘i%h‘é%(d};l ve assenbly
and, in particular, with the grounded notor 50. Thus, the output of the
circuitry of Figure 2 includes not only the flying height variation signal
but al so an additional noise signal carresponding to the grounded notor

noi se. The juncti &MgWE % isa baskarsvigw R aglider;he vari abl e capacitor Cis
tapped to provide a pure noise signal. By properly adjusting the bridge
such that the two branches of the circuitry are bal anced, the noi se signal

fromthe R-C circu ap he.,s : . f Kl f,gh &t on ~
~ ~f r'~ 2f10~~ gl‘é'fréng R I(t:lﬂ%léglté@g%;eléﬂﬁpokg@m 3“9?’2?%6*295%%%‘?‘%%?? ally
clean flying bBehakin visddradisle hoSmalisdd Epacianée, the'pikhgiiile tof theistider at i 0.
This can be done, for exanple, by an operational anplifier 80 as shown in
Fi gure 3. Theandsh¢ ralhangleadithé klyderg hei ght variation signal is then
denodul at ed by denodul ati on el ectronics 60 and can be nonitored from an
oscilloscope 71, or the like, directly. In another enbodi nent shown in

Fi 4, tra.slid i Of ly 20", 31" .30',siml th

ot 4, o ol Sighhod PR eSS kP B O
I f th | : I . l t i se.

D20 o1 11, 36Ul SIAARIE B kiUl I GO RGN .

position on taaddhé Ry héight ¢Mthe stided; st the slider-suspension assenbly
20,31,30 is doing the track seeking process, the flying height due to the

track seeking can be neasured through this schene accurately. In a further
enbodi nent shown in Figure 5, the disk drive assenbly conprises two di sks
10,10' mounted on FAEEEMbH %,gmg» shasying th expesimenial Fsulih of the Iy ded
whi ch conprises. a. paidf .of i der- su nsion assenbiies 20 for, each
di sk, one sIi§8¥§§0@B@ngdﬁl%éﬁgﬁbwaﬁg5ir géﬁe nghgﬁﬁ%%kg%éﬁﬁgos a
input fromth [ ; ' Bl HHGE 16wl R

t hrough a sur g%gqggﬁéggg?ﬁdgq&%ﬁgﬁgggfggégﬁvﬁﬁgh'of f%e sfigg?s ngis to
be used to prgotsigi-padisiles! i der interface transducer to neasure that
slider's flying height using the sane noise reduction nmethod described in
relation to Figure 4. The first technique for flying height nmeasurenent is

t he capacitance ngthod.,  In this t hod, the,denodul ation, el ectr,.onics
detects the i nped&iguedsl isiegi@nBshpwang exparimerfal Fesulls HsHIE 2 resittancady t he

| i der -di sk 30 A ~1.? 0 i.ntef.f .- Th t put si | 4.LSq..c
or opor i onal 20PRE Mefha i delstt e SHRE Byink S B ol Eohe xS ng < ne
capaci tive pajdyel 46hils? the Heall'RERIBGE! and forth between track 100 and track
3000;



1h2z~_ _ . jwC j ~EoA where A is the area of the rails 22 and h is the
flying height, i.e. the distance between the slider and the disk surface
and j, w and ea have their normal neanings. The inpedance output signal is
proportional to the flying height if the attitude of the slider renmains the
same. Figures 6a, 6b and 6c show the flying attitude of a sligey A2Q 2002
including its pitch 0 and roll Vii. Figure 7 shows the relative di mensicons
of the slider 20. The rails 22 of the slider 20 contribute al nost the whole
capaci tance value of the slider-disk interface transducer because the

flying height is g@hk @ﬁpég?@ona <f\bﬁ.§gﬁeté&¢efmiéa?al%§% gfme % low the

rails 22. Therefor Isr consider the rail of the

slider 20 andhsipht eatiatibe oftahslidepalurmigdicadngas!flydag, %mlchsmhraimdll@tl ng the
transducer capacitance. The capacitance of the interface between the slider

and the di sk thisfimeationrasthe drise devel fior »50Uhtrinpad slader; and: ¢/ so =
hctg, (3ctgBln h - Lcos6~tg, @ n h+ Lsin9 h+Lsi n9 h+Wsi n~3+Lsi n9
h+(WW-) si n, (3+Lsi nB h+Win/j -L cosbhtg~3In - ctg~3ctg6(h + Wsin~3) In

B
h+(2WW-) si n~ ﬁe%gf DAidY ot o 2 a(alde?'diﬁmg“@mntéé'f St#et 1916p g’g_SS? t&dt Wik 3 sl ider

rail 22; R ?002 11 L 1s the ngt h of each sl fail 22; W is

t he di stance bedonden atbeletation] a| seddtidsh constahe ¢lgtitg ard gBt ;sebonds t he
pitch of the slider; and ~i is the roll of the slider. The nornalised
capaci t ance vd¢¢@lclta@nnwth pitch, roll and the flying height for a Tri-pad
50% sl ider are shown in Figures 8 and 9. Considering the actual disk drive
wor ki ng condition, the range of variation of the slider's pitch, roll and

flying height are Erg !

respectively. Fro% gu% EA%'P%Q a fh?kcal és@g@@ﬁ C%&]f[mégg {(-;85 tgg}et ance is
mor e sensi ti vkl fRduRtddéh %@nﬁrﬁl Sﬁﬁd’lbfﬂ difveiBy A ddtof 90r91£hder 20
Furthernore, the pitch sensitivity becones hi her when the flying height

becones | ower is ddimegteaintoi ded end of @sswlspensién Bilgibme ghsdsk thafThehsther t ch
affects the relative capacitance by |less than_ 15%_ and roll affects the

rel ative capaend @hthe wpbéslgnt}lalﬁ rBoyntTh 60 §uvaied eail mosor E4GM)sarar 3¢i gure 9
h t hat t he h ht t fect

on the capact THRACKRAAER ongroedjorallar A e arpfenailingdd! Phister foct
h itch h d f

that pitc a?]s ggnﬁgﬁ %Cfnto@ Ctﬁe gli%k:?herhﬁ B{f){]%f;lel gtﬁ@a&sie dﬁgerTh%pee S0

rotation of t resu ts an |'arger

pitch angle, apBaviGes g@ité@ o'iloaﬁ aﬁre Ah@f@i@WWymldiﬁk 0 sintlkhs angl e

affects the capacitance is nuch smaller tham mght first seemthe case.
Therefore, thmatei 50cslideri2QrmsparsiomB8il oVOM aue 30@ndhthegede i41 ofthef | yi ng
hei ght. Figure 10 shows the experinental results of the gl i der flgl ng
hei ght VCM are all conductive. The motor 50 is grounded. The disk 10, spindl
51 and motor 50 are all ohmically connected to one another. Similarly,
the slider 20, suspension 31 and VCM arm are all ohmically connected to
one another. The collar 40 can be either conductive or non-conductive.
In the present embodiment, the collar 40 is non-conductive.
Embodiments of the invention benefit from the high conductivity of

present sliders, compared with previously non-conductive sliders.

The slider 20 has means to generate, during rotation of the disk 10,
an air bearing between the slider 20 and the rotatable disk 10. The air
bearing holds the slider 20 above the disk by a flying height h. The slider

body 20 is made of conductive material and comprises a substantially



variation while the head is seeking fromtrack 100 to track 3800 back and
forth nmeasured by a flying performance neasurenent system enbodyi ng 30
APR 2002 12 the present invention using the capacitance nethod. The top
trace shows the slider flying height variation, and the b@tiqg;t% e shows
the driving current of the voice coiled notor (VCM which® i'é% e head
to seek radially in and out over the tracks on the disk surface. The

| eadi ng edge of the rectangul ar positiye pulse in the bottomtrace marks

t he begi nning of head seeking fromthe’outer dianmeter to the inner

diameter, andyd 14 %u?z?‘d%llﬁgel%ﬂggteqjl?&bﬁa{(i@&:tﬂ%%hgbfﬁgﬁhi&#‘sﬁg%%%ﬁ curnng

af ter approxi nma wo divisSions) mar e begi nni ng seeki ng from

the inner di aggifede DO dfheheOsliddr 20.aMEiee Faisdd @ail 2Radefil A thepebet@@eh apr esent
the acceleration of the VCM the flat line after each Eul se represents the

const ant vel obleed shdt 24e THeMeadimg ¢dpe off thengils 22 el eeb proprdedewithtae
deceleration of the VCM The VCM driving current trace is synchronised with
the slider fl§lopgdmemgriurageiZ fodpromate dhasereption Sfdusar hearipg bgbyesini ne

variations in,flyi hei ght. duri,n nd ssibly as a con uence of the

track seeki ng%%’ég%&‘r&?ﬁgq @%‘ijlﬂfgsg% ra?@egh}enﬁ’iab‘bts‘é ??Fa??gsrfgag’t"i Ye —
cun~ent or dri:l(\!ﬂaHanfqéﬁ%‘fov"ards the outer dianeter fromthe inner dianeter
reduces the flying hePght,” whilst a positive current or a driving force
towards the inner dianmeter fromthe outer dianeter increases the flying

hei ght. Furthernore, accelerations towards the inner and the outer

di aneters, as rephesembémation, the raikc22and|the rpmpsasfaces @3t eamptise thest
significant changes in the flying height in_ that_ track seeking_process.

Accel er at i onsmegigMehich generats the arngn chypically, radras seeq ng’@l‘iffis whi | st

accel erations_ toward,the outer dianeter crea he flyin ei.ght,. During
peri ods of coﬁg’t ?ngggkf}}’?gmgﬂ]e%lﬂ?acte gfﬁ}feﬁl(ffgjzbslgélqt&?ﬂeyivﬂgl i ght to
t he steady hepght jY i i C 7 f ed by

the air-beari tr#gg’ilbsa aﬁgeg&wggﬁﬁ@ﬁ%%ﬁggﬂy%e%?’cgt %ﬁ%tm;edﬁ’ Sgﬁlsﬁlelarsggoensi on.
3 0 APP 2Q07. traffingeddecof theistidenQe isweldvesk tot the disk puifacs gindthecleagingses t he

contact resistance between the slider 20 and the disk surface. This nethod
is used to i nddgeamiscfiwttenst amaysfrontethei disk sudfaot.achs shaown tihdFigiek 7sthef ace and

when a crash or,_inpact onto the disk surface occyrs.. - en a,vpltage

bet ween two c%ﬁuﬁ?%@ b %‘Seﬁé%\‘ﬁegngﬂbﬁ @%&Hﬁlt?‘tWe %herﬁﬁﬁ‘ll\ﬁgﬁr?- hem
becones a pl asma._causgi ng.. l ectricgal.arco fect. The potenti al

di fference bef%%tefﬂbe%% g&p a&V‘%aﬂ”;&?‘e dced during arc-over.
Because the distance between the flying slider and the disk surface is in

t he magni tude of | Ohnm the arc-over voltage between the two conductive
surfaces is very FThalinterfacecbetoehodie dlider r2siant atheedisk ct®\peovides amd, t akes

advantage of this property to detect the weakness point of the flying
slider. The peleatriqal dlying theighttransdueervwhichgis greated by somrecingos dirst

critical arc-over vol tage coyresponding to g certain,flying_hejight |k
such that if W i hearm 36@4@ ggen wife| s e, grgyndrd m Mfi%‘g | yi ng
hei ght h~, then t ' - t dis: | i.der, d
the pot ent i al anePaegsive dRofls WAL T UERR VfebfpedBresdfitiprst - "
however, the ' i ot b SliQEeRS pdideigritical flying height h-,
then the pot eﬁl{%’%ﬂﬂg?ﬁ%ﬁg{?&é%l% re%a?dr?ngt the normal |evel. This nethod
can be used to detect the flying height weakness area, i.e. the area in
which a slider-disk crash is nost likely to occur. Figure 11 shows the
wavef or ms capt ur efhecoadudtiv sliderdtsslf ismsad asrenempelevat: thet figngdsightance

arc-over nethod aj the drjve |evel whilst the .he seeks hack and forth
bet ween t r ackTanslugst whigh imay) s, ingscerdanes éi‘@g‘ g&ﬁ?‘@@%ﬁ{”g’oﬁ%erﬁé Qfgl t age

across the registance. bet wee sl d the.disk.. tt race
represents th ed#Fﬁ’ﬁ@gcu%%#ﬁaﬁ%e%ﬁﬁﬁi‘%%?’ tahgg%’%bfekv%&gﬁu%g’ t(ﬁ?a%'ri ve

| evel test. T, I u h ; Ikl al ue
bet ween t he air}@%g}éev% taggaléngqﬁglﬁ B? ﬁie&ﬁog gﬁzllgel?a%lgggqi? d\fglkétaﬁ%e%at t he
nor mal sl i der perfbynh tlgis fahgtidn, thdhdertingprefaretbin weoliveigiombdidnnens, the
flying height is high enough and the voltage across the slider and disk
keeps const anThertberhpoleaef theeflgingsheightatransslneer sempaises the cenduptiveand t he
di sk, the air resistance between the slider and the di sk keeping the

vol t age substﬁ‘ﬁﬁi ally constant. However, if there is aloss in - flying
hei ght below the critical flying height h~ (determ ned by the DC voltage
val ue), then an arc-over voltage occurs and the voltage between the slider
and the disk will decrease dramatically. This enabl es detection of a | ow
flying height point, which may be a flying weakness point. Since different
DC vol tage values result in different critical flying heights h~, properly

o M. R . o o



flying performance neasuring system enbodyi ng the present invention using

t he i npedance nethod can be seen. The results show the flying height
variation of the slider during the head start flying at the drive |evel.
The first two divisions of Figure 12 show that the head is stil
substantially in contact with the disk surface. The next foug3gixpgiﬂm? 3
o0 aPr? zQ0z is show the flying height of the slider increasing“as it
reaches its steady height which is achi eved when the spindle is at its
standard operating speed. The | ast four di vi si ons show the slider goi ng
fromthe inner diameter to the outer dianeter of the disk surface, and back
to the inner dianmeter, then to the outer dianeter again before the head is
ready to work. In Ahﬂmﬂ@edaﬂqecmgb@ﬁ,aréhﬁs&wf@ptinsergf@ingcqn@rsigﬁﬂst he

i npedance between the slider 20 and the disk surface. Figure 13 I's a

typi cal experiprenided bysthe fdyinghheighpeadarsdaceret dochpasitiveh tedmiqust;saof a
conbi nati on of the capacitance nethod and the resistance nethod. The
results of theaesispueiterhmiqueiond amimpedanse techiigueadbthapetace st okt
Start-Stop ( Test .the cycl f the S being. 3 .secpnds accel egation, 2
seconds constciﬁ% (l}g# ggi‘fﬁ‘oﬁ‘f&gﬁﬁ‘ﬁgﬁ% 'gﬁ’a%e §B§%"ﬁg’§ﬁdggeéfa§fed{‘?¥)ﬁ“hbﬁea 50%—
Tri-pad slider s | WO . i 9 J regi on
by ch the e b Eaadifurlcdisdfoor HEIE Yok SR8 is TARBRKAVAIRE (01
in which the sfliddeididks ihterfdde 8R®VBe tiiRddia§kaswesiagioe ArdiRdack” Yorl ane
splits the capacitance region and the resistance region, the part above the
| i ne bei ng t hdmpediantatrarsdusgi.on whi ch can be used to nonitor the

slider-di sk contact process or any slider-disk crashes, while the part
below the line is the capacitance region which relates to the slider's

flyi f i.toring. i Th h k which | i.nto th
e%i stance regi on REGHIBHOCHIGH taribs FERIHRCT A AOISS SPPRIESIPR Kol y
; X ¢ ho i : > . e

e rest ot ancdteatgmts bifEdylns $Ebratti 3feriion' Ainglist o SehL ANGMEE V1o
t he inpedance 7¢f which supplies ASRiZE td Eheblidier200insdrder E6bIAGER caphiéitive

resi stance of the slider-di sk transducer consists of a contact resistance
whi ch occurs winpedahee yariagon isignah foomtthe tsliden-disk Hatatfase, trawsidaber. sAn he
condition when the sljder takes off or _ lands on_the disk surface and air
resi stance whilkie GHEUHS7 hWneHNPRENS 3 Tesigor vl avd a¥analda qapacuern Gedsand t he

di sk f , th | i,d f. vi h i sk f .1+ Ih I f. th i
resi stance | & SAREREUGR deriey boBuRirthe sl eiieatir g BREE 18 5ufeh of The
contact 1 esi Stagsforhs soils b8 Anlelre! ARIRALSRARPLs QiiffectelierhBgdance

of the capacitance depends upon the app requency fromthe signal
generator. Usithg slider 20parhtiresigiilngsherdtor F0poThud)l the todrctitep Tenftises
appropriate frequency fi~omthe signal generator 70 to control the

i npedance val dwoobrariches,~tres desissor ?M)adid@ﬂb@c thsanch mndhthgr BaCecireliain t he

contact resistance and.nuch agall r than,the ajr, resj.stance, The.h~ansducer

conpri si ng t hdrangler f dhe pwpnbEamchee deskalaneed Hy Adivting sth%q lent to a

capacitor and a resistoy inpar I G i Lor.havi i npedance of
Z~ and the resqag?ﬁforhgv{hﬁgvagﬁesi@p‘éggﬂ%me@g%ﬁ%ﬁét&;{@ {h?%ﬁggeance Zr being:
ZcZr Z~ _ Zc ~' Zr \Wen the slider is in contact with the disk, Z, ~ Z,.

wth Z~ Z, and when the slider is flying above the disk siu-face, then Z,

~ Z~ with Z~ Z, . Theeriefootertaihhemont 6€ hoi¥eosssssiatdd with g divk drivé he di sk
can be nonitored bglthe contact resistance part of the inpedance w thout

t aki ng i nt o a@ssemblyt died, éh pedtionlaf withethe gpawidedruetorid Thws, the ouniput
performance of the slider can be manitaqred by obseryi ng t he, capacitance
part without &frngd‘éWW%}’theFlﬁl"fe 7 auplydespet onlysths Hme bejght variation

signal but also an additional noise signal corresponding to the grounded

motor noise. The junction of the resistor R1 and the variable capacitor C
is tapped to provide a pure noise signal. By properly adjusting the bridge
such that the two branches of the circuitry are balanced, the noise signal

from the R-C circuit can be subtracted from the flying height variation



17 CLAIMs: 1. A flying height nonitoring device for nonitoring the flying
hei ght of a slider above a rotatable disk, which device conp@fﬁe . a flying
hei ght transducer for producing a signal indicative of the fly HgvhéW@ht of
the slider above the disk, one pole of the transducer conprising the slider
and the other pole of the transducer conprising a surface of the disk, the
slider and the disk being conductive; and a noi se suppression device to
obtain a high signal to noise ratio fofp the signal indicative of the flying
hei ght. 2. A device according to Caiml, wherein the surface of the disk
IS conductive.g [ ' [ I el oAk sk i s
nmounted on a ssbé‘r%ﬁg }/li @g%&%§qy§rﬁ;ﬁ)>@%ﬁ %ﬁﬂ})imgfrizg né:\tla\%?l ?kghédlhgl \ 'tspi ndl e
and notor bei mri@cibﬂtsﬁgﬂa\rexaai?% Phiphcsiphal toaviectatid. t Thisranasodbes, fod. A
devi ce according to any preceding claim_wherein the slider is connected to
one end of a sxepwhei by, an lepemtional empldiert $@ asushemsiionFigireaB.nolheed to a
voi ce coil notor arm the slidey, suspension.and voice coil tor arm al

bei ng conduct rewiliR desh dlving hejahichBation yaRalatothanr demodulated; Be

according to a i n | aj m iLnith i i rmis
mount ed on o SHREREgRSH REkcGRleE oA Rafl e ohRofé fidh R0 RikPh =
, ~0~| ~~d~~~~] 71, or the Tike; diteckly.~ ~ N ~, ~ T

. W e e e~ .. T .~ ~  ~a-~~n2a-—~ 18 6. A device
according to Claim5, wherein the collar is nonconductive. 7. A device
according to Claim®6, wherein the slider, suspension and voice coil notor
arm are insul at ed Inr anothge ¢mbediment! shewsr inyFigisecdl | an . edra Aslider: ce

L L R A R DA R B
o I D S0 SR AR o A )

signal. 9. A %ﬁgaafoxa,ecw ¢ilRR8 G RBYRNRIAd 1RORY Moide.t OTHe oWRQr flidert he
noi se suppression device conprises an extra slider supported above the disk

by suspension assembly 20',31,30” is fixed at a predetermined position on

the disk surface and, whilst the slider-suspension assembly 20,31,30 is
doing the track seeking process, the flying height due to the track seeking

can be measured through this scheme accurately.

In a further embodiment shown in Figure 5, the disk drive assembly
comprises two disks 10,10' mounted on a common spindle 51. A head
stack assembly is provided which comprises a pair of slider-suspension
assemblies 20,31,30 for each disk, one slider-suspension assembly for
each disk surface. The signal input from the four sliders 20 to the
operational amplifier is gated through a surface selector 90 which selects
which of the sliders 20 is to be used to provide a disk-slider interface
transducer to measure that slider's flying height using the same noise

reduction method described in relation to Figure 4.

The first technique for flying height measurement is the capacitance
method. In this method, the demodulation electronics detects the

impedance of the capacitance of the transducer created by the slider-disk



one end of an extra suspension, the extra slider being tapped to provide a
pure noi se signal. 10. A device according to Caim9, wherein the extra
slider is located at a predeterm ned position on the disk surface so as to
provide a relative flying height variation signal with respect3t©/ﬂhp2mm
slider. 11. A device according to any one of Clains 8 9 or 10, wherein a
signal generator is provided which produces a first signal which is

nodi fied by the transducer to produce a flying height signal, the output of
t he transducer conprising a conbindtion of the flying height signal and

noi se. ~~ ¢6cfXce~1 The cikn@ 3Nzl -ic Hronertion br+ P R 2002
1o 12, A mPrrlee T, sl is provorionalt 19 e pedance of Bt e

provi ded t capaditanect whies pilye dodiskieringginkd ¢apagitivee paktyi Ag lofi dig  si gnal
and noise to filter out the noise conponent and produce a flying height

si gnal wit ransdiicgh signal to noise ratio. 13. A device according to Claim
12, wherein a plurality of separate transducers are provided, one for each
surface of a disk, the plurality of transducers being connected to the
subtracti on neans through a surface,;selecfor for selecting which of the
transducers associated with a paés+ewl-ar—aisk surface is to be operatively
connected to the subtraction means/®44. jRedevi ce according to any preceding
claim wherein the or each transducer is a capacitive transducer, the

out put signal of the transducer being indicative of the capacitance between

the or eac [ der: e or hS rfage. i ccording to
any one of@&E lé‘% ?r\s 1511{% a&%‘ o\gﬁléfg‘ﬁihrl]s ? ?ejélgf ll!'eI";§cﬁlct P&?ns%lﬁ(?%?,\{’l gg'aﬁlreesi stive
transducer distdiReBétweén hofdderdndithe diglefntiieeindpivishd BPhswt ingg of the
resi stance between the or each slider and the or “each disk surface. 16. A

devi ce accnomhalgnteanangy. offhe aingadanees obtpur signalvisepmiportidreal oo trch
transducer is an arc-over transducer, the output signal of the transducer
bei ng i ndi Bxingheight Whtherpstitudgeofdhe sladar remainsrthesamgl ow a pr edet er ni ned
flying hei ght above a respective disk surface. 17. A device according to
any one of Clains 1 10 13, wherein the or each transducer is an inpedance

transduciar, _ t hP@?xgésZﬁé% @O%Hi%c o e flying attitude of a slider20 =+ ~ -+ -+ + — -~

including its pitch 6 and roll B. Figure 7 shows the relative dimensions of
the slider 20. The rails 22 of the slider 20 contribute almost the whole
capacitance value of the slider-disk interface transducer because the flying
height is small compared to the depth of the bleed slot 24 below the rails
22. Therefore, it is reasonable to only consider the rails 22 of the slider
20 and neglect the other parts of the slider 20 when calculating the
transducer capacitance. The capacitance of the interface between the

slider and the disk surface, when considering pitch and roll, is:

T
h' ~ Leoséotgfin h . Lsin@ .
h+ Lsin® h+Wsing + Lsin8

h+(W +Wh)sing + Lsin@ . h+Wsing
—ctgfetgG(h+W 1
HT OV 2 ysinf+ Lsing  CEPOBOU S0 ) n e B Lsin®
. . h+(W+W)sing
+ctgfetgO(h+ W +W 1
gpetgbn+ Wsinf+ Wisin p)ln e Sin B+ Lsin®
h+ QW +W)sing
h+ QW +W)sin B+ Lsin8

C/eo = hctgfetgBln

~L cosé&etgfin

—ctgBetg 6(h +2W sin § + Wisin S)In

where:

W is the width of each slider rail 22;



20 transducer being indicative of the inpedance between the or each slider
and the or each disk surface. 18. A device according to any preceding
claim wherein the inpedance of the capacitance between the or each slider
and the or each disk surface is proportional to the flying height between
the slider and the. . rotation disk, the flying height signal fromthe
transducer reflecting the flying height directly, not the inversg

rel ati onshi p obtai ned by measuring the“capaci tive value. 19. A dél ABR 2002
according to any preceding claim wherein the slider is a conventional
conducti ve sl Lderhé&lshethef dadkslidergdagonventi onal conductive disk. 20. A
slider and disk intertgace of a magnetic head slider assembly for use with
~a di sk dri veVsmsehbldystamed betimegn dhe owarabd 22;di sk, a slider conprising: a
sl i der body hgv_i ng neans t.o generate, during rotation of the disk, an air
beari ng betwe rlsﬂhf‘eﬂmgdéﬁ‘ﬂg%dy and the rotatable disk, the air bearing
hol di ng the sli.der abaqve.the djsk by a flying height, the slider and the
di sk being cohdﬁu ‘?D’é,oh pfithessh &al%i%d the disk formng an el ectri cal

transducer to,provide,a.f,l yi.ng height signal w thout nodifying the
struct ure of pHé%‘? r@bpfb}yﬂ}@k- and a noi se suppression device to obtain a
hi gh signal to noise ratio for the signal indicative of the flying height.

21. A nmethod of nonitoring the flying height of a slider above a rotatable

di sk, conprising fThe norMAlidtd RaP4HiahEd varihlivh Rt BiteRtrotll &iRthd ﬂ9 tive of
the flying height froma transducer, one pole of the transducer CToffpri sing

a conducti ve heigherfaand tThepad h86%palidenf atehahown_in. Figures .8 _and 9. 3 0 A
P R 20nzZ 21 transducer conprising a surface of a conductive disk, the

met hod i ncl udCegsidsengt dig gictual pgisks slrivg merking: sopditionn thenirangsiefnal to

noise ratio for ., the sjgnal_ jndicative of the flying height. 22. A nethod
according to @%?Wﬁ@?fa\ﬁrﬁ%’rd@?ﬁpﬁgé’i AN W@B&e&ht&%?t@&l%“mms@-“si gnal

at a predeter{n' ed frﬁqlden , _Which signal is nodified by the transducer to
produce a fIy%S%’éPB t'Vs7 gham r%’é’.ecwfﬁ?ét hod according to C aim22, wherein
the flying height signal is indicative of the inpedance between the slider
and the disk surface. 24. A nethod according to Caim23, wherein the

i mpedance conpri spgod Figﬁfe%t@%_ﬁﬁ $ORANBY s@rditat (RORGpALitAACE IFRAGIRNL , the
resi stance between the conductive di sk surface and the conductive slider

conpri si ng cosdmitive tethet picdeanvd die flpmgshdigler thaa torrotlonFwdhermidrl, thee di sk
and air resistance when the slider "is flying above the disk, the air
resi stance bepiigh sensitiuity hegames dégheyrwhe the Blying heighé hegemes dewsr.ance,

the frequency..pf the.first signgl ..fromthe sjgnal generator being. selected
such that theﬁ%ﬂ&'ﬂ"&‘ﬁ%eéﬁﬂ’dgr@]@gkﬁeﬂ%ﬁ OYVﬁbg@ﬁdﬁtcgsaf?ﬁf%m&rr@Eg’é@ t han
the contact rgsi t1 <0 | : ﬁ’?@l t han t he
air resist anceﬂcaggpgﬁgiqu%%ﬁg 1isré’ie anrcdelmggagiﬁ ?re?%l%%gyg%%or I lr:fg%?’ o daim
24, wherein thes ¢RARSYS.| The RARARRIVe 1R5ultd8f FIRAEaNSIRoW Shas§lall g)it@ﬁn' tor
the flying height whilst the slider is flying above the disk and the
resi stance coanglesnicredsetthe flyipg daiphe vasiatise dffeotsnmmnilicocapabiandd, daad and
di sk when in contact with one another. )

that high flying heights will decrease the effect that pitch has on the

capacitance. It should be noted that higher speeds of rotation of the disk

will result in higher flying heights and a larger pitch angle, and vice versa

so that the amount by which the pitch angle affects the capacitance is

much smaller than might first seem the case. Therefore, the main

capacitance variation is due to changes in the flying height.

Figure 10 shows the experimental results of the slider flying height
variation while the head is seeking from track 100 to track 3800 back and

forth measured by a flying performance measurement system embodying



-~a L~ -, =W~ L y.,:.., abr ,~J3~1 30 APRZzoo0z 22 26. A
met hod according to Cla|m21 wherein a critical flying height is selected
and an appropriate DC voltage is applied across the transducer to create an
arc-over between the slider and the disk surface if the flyi ng@ g?g gqg

the transducer is below the critical flying height. 27. A netho fzig
to Caim 26, wherein the voltage across the transducer greatly reduces when
there is an arc-over thereby providi nghgn i ndication of the slider flying

bel ow the critical flying height and thereby detecting a flying height

k i Nty . | ' 27,
wher oin o pl urapny et el @i ucine o B0 SRATLEITAS K Bt RfoRs,
hei ghts to dettherdlider Hy)’thgmeigﬁt FhfiatieR kiIRB thePFotiiiR tRlReVshowWethe drivia

different flying heights. A nmet hod according to Caim 22, wherern the
flying hei ght ircpmlofi ﬂaemﬂce:amle@ nodtot ¥ CMpadiich \dmvm’;ihcldmad tbesegken t he
slider and the d| sk surface. 30. A nmethod accordin aim 22, wherein

the slider-di JR @é‘ﬂt’é’c@n%ﬁ’@%@‘é"g the tracds o theedigh su @cer e§h§t1§@fbégl%lgﬂeen t he
Sccordi ng to dyBTE @Caa.n?éljf&vetle”}ﬂ%?ﬁ B omrReRafs, (g feeifiing®
Spi nSt and, CS% Tﬁé&f(fg%é?&n%lfs &efha}r%t&eﬁys H{eenﬂ{%‘ii Sighleirabfid he

properties of ace

R Fi- A A. ﬁl9 18&8inAf Aslgl&Yof. AbheA pébﬁanﬁ&%r Ané@ﬂw‘w ﬂﬁléé foén\slﬁ’ﬁﬂgA dﬂerA CA
approximately two divisions) marks the beginning of head seeking from
the inner diameter to the outer diameter. The rectangular pulses represent
the acceleration of the VCM, the flat line after each pulse represents the
constant velocity of the VCM, and the triangular pulses represent the
deceleration of the VCM. The VCM driving current trace is synchronised
with the slider flying height variation trace so it is possible to determine
variations in flying height during and possibly as a consequence of the
track seeking process. The results obtained indicate that a negative
current or driving force towards the outer diameter from the inner
diameter reduces the flying height, whilst a positive current or a driving
force towards the inner diameter from the outer diameter increases the
flying height. Furthermore, accelerations towards the inner and the outer
diameters, as represented by the rectangular pulses, creates the most
significant changes in the flying height in that track seeking process.
Accelerations toward the inner diameter increase the flying height, whilst
accelerations toward the outer diameter decrease the flying height.
During periods of constant seeking speed, the slider adjusts its flying
height to the steady height defined by the point at which the lift force
created by the air-bearing balances with the loading force provided by the

suspension.
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between the two conductive surfaces is very small. A new method, the
resistance arc-over method, takes advantage of this property to detect the
weakness point of the flying slider. The principle of the arc-over voltage
method is to choose a critical arc-over DC voltage corresponding to a
certain flying height h, such that if the actual flying height h is less than
the critical flying height h, then there is an arc-over between the disk and
the slider, and the potential difference between the two will greatly
decrease. If, however, the flying height h is greater than the critical flying
height h,, then the potential difference will remain at the normal level.
This method can be used to detect the flying height weakness area, i.e. the

area in which a slider-disk crash is most likely to occur.

Figure 11 shows the waveforms captured by an oscilloscope in
accordance with the resistance arc-over method at the drive level whilst
the head seeks back and forth between track 100 and track 3000. The top
trace represents the DC voltage across the resistance between the slider
and the disk. The bottom trace represents the driving current waveform
for the VCM, which is the drive level test. The DC voltage value should

b€ chosen as the critical value between the arc-over voltage and not the
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voltage at the normal slider flying height. Under normal slider working
conditions, the flying height is high enough and the voltage across the
slider and disk keeps constant enough that there is no arc-over between
the slider and the disk, the air resistance between the slider and the disk
keeping the voltage substantially constant. However, if there is a loss in
flying height below the critical flying height h, (determined by the DC
voltage value), then an arc-over voltage occurs and the voltage between
the slider and the disk will decrease dramatically. This enables detection

of a low flying height point, which may be a flying weakness point.

Since different DC voltage values result in different critical flying
heights h,, properly selected DC voltage values can be used to find out the
flying weakness point for selected flying heights. Using this method and
performing a series of experiments the same as shown in Figure 11 but
with different DC voltage values and hence different critical flying
heights h,, it has been found that the beginning of a deceleration from an
outer diameter region to an inner diameter region whilst seeking
corresponds to a location where a minimum slider-disk spacing is very
likely to occur. Similarly, it has been found that the second half of an
acceleration from an inner diameter region to an outer diameter region
during seeking also corresponds to a location where a minimum slider-

disk spacing is very likely to occur.

Referring to Figure 12, the experimental results measured by a
flying performance measuring system embodying the present invention
using the impedance method can be seen. The results show the flying
height variation of the slider during the head start flying at the drive level.
The first two divisions of Figure 12 show that the head is still

substantially in contact with the disk surface. The next four divisions
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speed. The last four divisions show the slider going from the inner
diameter to the outer diameter of the disk surface, and back to the inner
diameter, then to the outer diameter again before the head is ready to

work.

In the impedance method, the output signal comprises the impedance
between the slider 20 and the disk surface. Figure 13 is a typical
experimental result of the impedance method, which consists of a
combination of the capacitance method and the resistance method. The
results of the experiment shown in Figure 13 are based upon a Contact
Start-Stop (CSS) Test, the cycle of the CSS being 3 seconds acceleration,
2 seconds constant velocity at 5400rpm and 3 seconds deceleration for a

50% Tri-pad slider.

The results identify two clear regions: a resistance region in which
the slider is in contact with the disk; and a capacitance region in which the
slider is flying above the disk surface. A boqndary line splits the
capacitance region and the resistance region, the part above the line being
the resistance region which can be used to monitor the slider-disk contact
process or any slider-disk crashes, while the part below the line is the
capacitance region which relates to the slider's flying performance
monitoring issues. The sharp peak which jumps into the resistance region
from the capacitance region represents a slider likely impact on the disk

surface.

If the surface of the disk 10 is conductive, the resistance part of the

impedance has to be considered when measuring the impedance of the
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slider-disk transducer. The resistance of the slider-disk transducer
consists of a contact resistance which occurs when the slider is in contact
with the disk, which is the condition when the slider takes off or lands on
the disk surface and air resistance which occurs when there is no contact
between the slider and the disk surface, the slider flying over the disk
surface. The value of the air resistance is in the order of several million
Ohms whereas the value of the contact resistance is in the order of several

tens of Ohms.

The impedance of the capacitance depends upon the applied
frequency from the signal generator. Using the impedance method it is
possible to choose an appropriate frequency from the signal generator 70
to control the impedance value of the transducer capacitance to be much
greater than the contact resistance and much smaller than the air
resistance. The transducer comprising the interface between the disk
and the slider is equivalent to a capacitor and a resistor in parallel, the
capacitor having an impedance of Z, and the resistor having an impedance

of Z,, the total impedance Z, being:

LeZr

Zi=
Le+ Zr

When the slider is in contact with the disk, Z, ~ Z, with Z,>> Z, and
when the slider is flying above the disk surface, then Z, ~ Z; with Z, << Z,.
Therefore, the contact process of the slider on the disk can be monitored
by the contact resistance part of the impedance without taking into
account the effects of the capacitance, and the flying performance of the
slider can be monitored by observing the capacitance part without

considering the air resistance.
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1. A flying height monitoring device for monitoring the flying
height of a slider above a rotatable disk, which device comprises: a flying
height transducer for producing a signal indicative of the flying height of

the slider above the disk, one pole of the transducer comprising the slider

and the other pole of the transducer comprising a surface of the disk, the

slider and the disk being conductive; and a noise suppression device to

obtain a high signal to noise ratio for the signal indicative of the flying

height.

2. A device according to Claim 1, wherein the surface of the disk is

conductive.

3. A device according to Claim 1 or 2, wherein the disk is mounted
on a spindle driven by a motor which is grounded, the disk, spindle and

motor being conductive and ohmically connected to one another.

4. A device according to any preceding claim, wherein the slider is
connected to one end of a suspension, the other end of the suspension
being mounted to a voice coil motor arm, the slider, suspension and voice
coil motor arm all being conductive and ohmically connected to one

another.

5. A device according to any preceding claim, wherein the voice coil

motor arm is mounted on a collar of the voice coil motor.
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6. A device according to Claim 5, wherein the collar is non-

conductive.

7. A device according to Claim 6, wherein the slider, suspension and

voice coil motor arm are insulated from the voice coil motor by the collar.

8. A device according to any preceding claim, wherein the noise

suppression device comprises an R-C circuit connected in parallel beside

a resistor and slider-disk branch, the capacitor and the disk being
grounded, the junction between the resistor and the capacitor being tapped

to provide a pure noise signal.

9. A device according to any one of claims 1 to 7, wherein the noise

suppression device comprises an extra slider supported above the disk by

one end of an extra suspension, the extra slider being tapped to provide a

pure noise signal.

10. A device according to Claim 9, wherein the extra slider is located
at a predetermined position on the disk surface so as to provide a relative

flying height variation signal with respect to the slider.

11. A device according to any one of Claims &, 9 or 10, wherein a
signal generator is provided which produces a first signal which is
modified by the transducer to produce a flying height signal, the output of
the transducer comprising a combination of the flying height signal and

noise.
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12. A device according to Claim 11, wherein subtraction means are
provided to subtract the pure noise signal from the flying height signal
and noise to filter out the noise component and produce a flying height
signal with a high sigh.al to noise ratio.

13. A device according to Claim 12, wherein a plurality of separate
transducers are provided, one for each surface of a disk, the plurality of
transducers being connected to the subtraction means through a surface
selector for selecting which of the transducers associated with a particular

disk surface is to be operatively connected to the subtraction means.

14. A device according to any preceding claim, wherein the or each
transducer is a capacitive transducer, the output signal of the transducer
being indicative of the capacitance between the or each slider and the or
each disk surface.

15. A device according to any one of Claims 1 to 13, wherein the or
each transducer is a resistive transducer, the output signal of the
transducer being indicative of the resistance between the or each slider

and the or each disk surface.

16. A device according to any one of Claims 1 to 13, wherein the or
each transducer is an arc-over transducer, the output signal of the
transducer being indicative of whether the or each slider is below a

predetermined flying height above a respective disk surface.

17. A device according to any one of Claims 1 (o 13, wherein the or

each transducer is an impedance transducer, the output signal of the
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transducer being indicative of the impedance between the or each slider

and the or each disk surface.

18. A device according to any preceding claim, wherein the

impedance of the capacitance between the or each slider and the or each

disk surface is proportional to the flying height between the slider and the. -

rotation disk, the flying height signal from the transducer reflecting the
flying height directly, not the inverse relationship obtained by measuring

the capacitive value.

19. A device according to any preceding claim, wherein the slider is a
conventional conductive slider and the disk is a conventional conductive

disk.

20. A slider and disk interface of a magnetic head slider assembly for
use witl_l' ‘a disk drive assembly including a rotatable disk, a slider
comprising: a slider body having means to generate, during rotation of the
disk, an air bearing between the slider body and the rotatable disk, the air
bearing holding the slider above the disk by a flying height, the slider and
the disk being conductive, the slider and the disk forming an electrical
transducer to provide a flying height signal without modifying the

structure of the slider or disk and a noise suppression device to obtain a

high signal to noise ratio for the signal indicative of the flying height.

21. A method of monitoring the flying height of a slider above a
rotatable disk, comprising the step of producing a flying height signal
indicative of the flying height from a transducer, one pole of the

transducer comprising a conductive slider and the other pole of the
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transducer comprising a surface of a conductive disk, the method

including the step of suppressing noise to obtain a high signal to noise

ratio for the signal indicative of the flying height.

22. A method according to Claim 21, wherein a signal generator

produces a first signal at a predetermined frequency, which signal is

modified by the transducer to produce a flying height signal.

23. A method according to Claim 22, wherein the flying height signal

is indicative of the impedance betiveen the slider and the disk surface.

24. A method according to Claim 23, wherein the impedance
comprises a resistance component and a capacitive component, the
resistance between the conductive disk surface and the conductive slider
comprising contact resistance when the slider is in contact with the disk
and air resistance when the slider 'is flying above the disk, the air
resistance being several magnitudes greater than the contact resistance,
the frequency of the first signal from the signal generator being selected
such that the capacitive component of the impedance is much greater than
the contact resistance component of the impedance and much smaller than

the air resistance component of the impedance.

25. A method according to Claim 24, wherein the capacitive
component of the impedance is used to monitor the flying height whilst
the slider is flying above the disk and the resistance component of the
impedance is used to monitor the slider and disk when in contact with one

another.
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is selected and an appropriate DC voltage is applied across the transducer
to create an arc-over between the slider and the disk surface if the flying
height of the transducé:‘r is below the critical flying height.

27. A method according to Claim 26, whe;;n the voltage across the
transducer greatly reduces when there is an arc-over thereby providing an
indication of the slider flying below the critical flying height and thereby
detecting a flying height weakness point above the disk.

28. A method according to Claim 26 or 27, wherein a plurality of
tests are conducted at various critical flying heights to determine flying

height weakness points above the disk at different flying heights.

29. A method according to Claim 22, wherein the flying height signal
is indicative of the capacitive impedance between the slider and the disk

surface.

30. A method according to Claim 22, wherein the slider-disk contact
process is indicative of the resistance between the slider and the disk

surface.

31. An instrument incorporating a device according to any one of
Claims 1 to 20, wherein the instrument is a SpinStand, CSS Tester or a
Servo Writer to measure and calibrate the properties of the slider-disk

interface.
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