; e3eX*6TXo~Pr ' TITLE OF THE | NVENTI ON METHOD OF SCREENI NG HEAD BASED ON
CONTACT FORCE OF OONTACT RECORDI NG TYPE MAGNETI C HEAD AND NET|
MEASURI NG CONTACT FORCE OF MAGNETI C HEAD 5 BACKGROUND OF THE mmmumnmml S
invention relates to a nethod of screening heads based on a contag% ishorce
of a contact recording type magnetic head used in a magnetic disk drive and
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magnetic disk. There has recently been provided a contact rec
magnetic head which is used in a nagnetlc di sk drive and is recorgds an or

reproduces information froma i grd ng in 15 contac wth
the surface of the magnetic digﬁ@@%k gs??? %thﬁT %H Pat . Appl n. KOKAI

Publ i cation No.yBr249638. sEReEQinEhErABSEaALRBObkaRbNERETIRORAEARRL ers for
the contact recording type magnetic head is the contact force between the

magnetic head 2€ow@engct hreogeapbelts cTdpbskvabiepersteas hkat Margost byl but abl e
to errors in manhufacture and an i ncrenment of the contact force under a

r educed- pr essureEE9OURI NG OOORTRCACEORUE abedMhaNEorm BEBDNt act force

di stribution. The contact force is designed |est the 25 upper limt of the
di stributh on exceed an upper BACHGRMIANeOT NEHE | ENIENRION ned by wear
reliability and lest the lower limt of the distribution be |ower than

f - 2 alower |intThabuénvhatips defletrisndd by medhoac b fsisalielentiyng | n
manuf acturing processes for magnetic disk drives including nagnetic heads,
however, it is heedsthppedt patasepptartt herreaas anppnﬁécgoﬁgp@édangy 5

deV|ated fromthe contact force distribution from vari.ous causes After the
magneti ¢ head i kYRetMpEneheCnBgAdt et 4R &r PeeneidCofdSig Ve 68§S|ble

t I t hod, of tact f t h le d 0
brossuri 264 as & ﬁﬁﬁ?ﬂé"itﬁ%m?éﬁéugﬁ@?ﬁwﬁsapé&eeo?‘“’ Rl VR0 ' ¢

10 respect to the.magnetlc disk.
There has recently been provided a contact
recording type magnetic head which is used in a
magnetic disk drive and is records on or reproduces
information from a magnetic disk while being in
15 contact with the surface of the magnetic disk,
as described in Jpn. Pat. Appln. KOKAI Publication
iNo. 8-249623. One of the most important design
parameters for the contact recording type magnetic
head is the contact force between the magnetic head
20 and the magnetic disk. Dispersions that are
attributable to errors in manufacture and an increment
of the contact force under a reduced-pressure
condition are accumulated to form a contact force
distribution. The contact force is designed lest the
25 upper limit of the distribution exceed an upper limit
value that is determined by wear reliability and lest

the lower limit of the distribution be lower than



il

by determ ning the magnetic spacing of auto-gain control (AGC) signals and
the like. By doing this, alifting start pressure is nmeasured, and a
contact force at nornmal pressure is obtained fromits 15 dependency on the
at nospheric pressure. According to this method, however, |arge-scale

equi pnent is separately required to pressurize the mhole unit, and the
contact force cannot be neasured before. the nmagnetic head is set in the
magnetic disk 20 drive. If the contact force of the magnetic head is
smal | er than a given val ue, noreover, the head cannot stably slide in

contact with the fH&eﬁCf}8£tt9§l gEﬁétclg'éétefﬁthétb§'ESEHQEtO” of the

magneti c spacing or t e nay e caused I ghl'y 25 possi bl e,
therefore, to detgeiiibe, Coﬂﬁa&énu?&@@uPYnge?géééb@@soto@bﬂggﬂﬁk1%'gna|3 or
the like even in a pre-delivery inspection f the contact force is - 3
greater than a giyendvavee, iReVeIehg higeagnet hbeddet retvetiednl essia

prol onged abrasion test is conducted. Actually, therefore, defective
products cannotibeviledleteethat steepoé- tdeki keaysi RspécbeononsiBRIrEB1SUMVARY
OF THE I NVENTION Thi s invention has been made in consideration of these

ci rcunst ances, @ediatsdobientths tonpaoti feraendihbdibfitsoneémbng heads
based on a contact force of a contact type recordi ng magnetic head and

met hod 10 of ne@dutPwgy chesedntact force of the magnetic head, whereby the
contact force between the magnetic head and a magnetic di sk can be neasured
by means of the sinpPétRtghBEi RepBEE1Eeh6RE L6 §§tsép ithealaggeétlicc di sk
drive, and defggtlve groducts that are deviated iS from an al |l owabl e
contact force dfstkiBhtven BERCHEI RSt ECt 8dPIRELPefeCLBYSPA IR Bre- del i very

aoneve the anoVCaffel tabhEah baP et RRg RERRk ot thOAZL BN force
of a conjget 20, regor dLng, iy, regnel 6 520 66000940 30 ASBCEL A the

invention is characterize y conprising: “prepari ad qgi assenbl y

having a SUSpe”@&Oﬁeéggmﬁnﬂﬁg”EﬁéCmQSﬁQt%HpBBEEEHgOBfaaﬂ%%tﬁhlﬁnd portion
of the suspension by neans of a ginbals sprihg; rotating an inspection

disk with a proxbReloendneerts08n8ist Begsuapensikan sggpeehe% &hia,given
nount i ng hei ght above a surface of the inspection dis - and with the

magnetic head oi thetheadsghfbaprassentl ysi negsntraat, wnuhat kensuicftace of
the inspection disk; and detecting separation of the magnetic head fromthe
i nspection di skfsucéase mbtrhal hprestatreohal obteduerdcy romofi tishe i nspecti on
di sk increased to a given value, thereby screening the magneti c head based
on the pk?fornadepenfienhy sepahat aomosphetrher prassetieod of neasuring a
contact force of a contact recording type nmagnetic head according to 10
anot her aspect of thACEAVEARZoRCI §hdkargdhed, z 8@V donpratsiaTdCdrepari ng a

head gi nbal assenbl haV|ng
equlément 18 separately required to pressurize the

whole unit, and the contact force cannot be measured
before the magnetic head is set in the magnetic disk

20 drive. If the contact force of the magnetic head is
smaller than a given value, moreover, the head cannot
stably slide in contact with the surface of the
magnetic disk, so.that fluctuation of the magnetic
spacing or the like may be caused. It is highly

25 possible, therefore, to detect the contact force by
generation of abnormal signals or the like even in

a pre-delivery inspection. If the contact force is



a suspension and a magnetic head supported on a distal end portion of the
suspensi on by neans of a ginbals spring; rotating an inspection disk with a
proxi mal 15 end portion of the suspension supported at a given nounting

hei ght above a surface of the inspection disk and with the nmagneti c head of
the head ginbal assenbly in contact with the surface of the inspection

di sk; detecting separation of the magneti cz head fromthe 20 inspection disk
surface with the nmounting height of the suspension and/or the rotational
frequency of the inspection disk changed; and converting the nounting

hei ght and the gptatipnghahr gqyeney 9h1tBe hospeeti ontdesknbft pet he contact
force of the magnetic head, 25 thereby neasuring t he cont act force, when
the magnetic heagdtésteepanated &rprblbageasppebseondisktsusface. According
to this invention, there may be - 5 provided the head screening method
based on the comdmadtctedce atttheélgonthetrefeeor ddadetypeenpgodtctshead and
the contact force neasuring nethod, whereby the contact force between the
magneti c head amanhhe Bendghetieddisktbanpbe-Aedsured byspeahsont the

si npl e magnetic head before it is set in a magnetic disk drive, and

def ectiveXproducts that areBBé¥FatEYMPARENCEN TaFl WYBNE 1€t act force
distribution can be detected and rejected in a pre-delivery inspection 10
for the contact recof8ifgifygetihagnetscPreadmagR EP BESERAPTRENCEF OFHE
SEVERAL VI EW5 CE THE DRAW NG _The accongan¥ing dra%ﬁngs which are

i ncor porat ed i n"RAES cohSEMPEFERGSFar £R8f 1+ AeCBB8EIT fEatPoR OVEFlst rat e
enbodi nent s of thegkgégntion and. 5 wi,th the gener descri ption

h I
gi ven above anqat% gPF¢8CESSB%%§?ﬁ%E %f%PﬁgdeﬁBoai HfgcgiégﬁCSelomL
serve to eXp'a'Qgt$6c8££98kpkgﬁngFEB?d&H§eR%'RQtiE'Eéaﬁ.hﬁdamgkﬁgga

m
showi ng a contac or cer ot at reguency characteristic of a nagnetic

head 20 paving éfrﬁéQ&ﬁP?ﬁgCQHEaEBREQEEefo%k@-8% EﬁeamQEﬂQEQE‘EEQWLnQ

rotational frequency characterisi head obtai ned after the nounting changed,

25 FIG 3 is a ghageBi shewebdthicl £eret bBeweent a6k hagsetrek ackwpe
magneti c head; a contact force=is of the magnetic height of the head is the

upper and | owerag@nbtasbgheeorddiigk canbbeFhGasfres #ydmaghamoshaweng a
distribution of the contact force of the contact recording type magnetic
head; simple magnetic head before it is set in a magnetic
disk drive, and defective products that are deviated
15 from an allowable contact force distribution can be
detected and rejected in a pre-delivery inspection for
the contact recording type magnetic head.
In order to achieve the above object, a head
screening method based on a contact force of a contact
20 recording type magnetic head according to an aspect of
the invention is characterized by comprising:
preparing a head gimbal assembly having a suspension
and a magnetic head supported on a distal end portion
of the suspension by means of a gimbals spring;
25 rotating an inspection disk with a proximal end
portion of the suspension supported at a given

mounting height above a surface of the inspection disk



FIG 5 is a side view schematically showing a 5 neasuring device accordi ng
to an enbodi nent of the invention; FIG 6 is a side view showi ng a head
gi nbal assenbly including a contact recording type nagnetic head; 10 FIG 7
is a diagram showi ng a contact force rotational frequency characteristic
curve and a lifting start line used in neasurenent for a contact recording
type nmagneti c head having a contact force gsnmaller than the reference
rotational frequency; 15 FIG 8 is a diagram showi ng a contact force
rotational frequency characteristic curve and a lifting start line used in
measur ement fOra@dC@ﬂ%ﬁﬂthéeﬁ9éﬁé89ctH@@d”@9n@héChégédghﬁMhmgaésEﬁB§9Ct
force greater than the reference rotational frequency; "and 20 FI G is a
di agr am show ngi g orbxedcf ovCeEROtRET onakafeegaenay phepecties aﬁskhe
magneti c head and a plurality of straight |ines representing separation
rotational  freqguedcdeisec DEIAl &R PESCERL PE Ohh OFmA blke E NWENERONE2bmReher ri ng
now to the acconpanying drawi ngs, there will be described in detail a
met hod of neasuinsiethieorodi akt sfinfeecoibhcbheacbtrétondilngreypenasgnetic
~ head according to an enbodi nent of this invention and a contact force
measur i ng devi cef usled fwospentsonedsaki hgcreehed. tThe bayed prilneiple of the
met hod of measuring 5 a contact force will be described first. The force of
contact of the Epfdly ?%E%?HM@ EDpenpgpabirchRaddbared raghbei ¢ di sk
depends on the rotational guency of the nmagnetic disk. If the rotational
frequency of the® %ﬁ%??%ed?gkthg ¥§P§EG C1PRe pressure of an air 10

| ub fil h b h d
ubrication (11 (hebul tpgenocotedill 2:mR ek uR L e, ﬁctl%oafig’rﬁe &

separate the heé‘dc:&ﬂfé%ETﬁeQ&? naotgﬁé‘tmwﬁg%ggt g%Ede 68k gh head

| ower s correspondi hg us etic 'S separa e fom t he

magnet i ¢, gli sk bé{nbf‘l‘}éfaé?ﬂéc%thr%ét 20ghcfprAYENEY 06 ckhe digkphat s

rotating at a reference frequency wt e contact-type hea i'ng
thereon. The copdmstiséonge phepheingonehbeahgafdpunt BskBRdlSkadtnighe
reference rotational frequency can be 20 cal cul ated according to the
rotational frequeseypohsibe dhakabfhgfesepanabhadsapdoedbtiach a distal
force-rotational frequency dependency that is previously settled by

cal cul ati on whesnd heoheadni sfdesegaadpeitheonebgr mraasr otfati gnalbaflisequency
is a rotational frequency of the 25 magnetic disk that is used when the
magneti ¢ head ispabm@alrthEinUnaa frgneti¢odi sk sér imiéh Therogitradt force

of the contact recording type g magneti c head al so has a dependency
on a nounting heR@ghporhépei AAf ERE FEFEPREHOROSHBPZMf eFoRtt e Jieiglet i ¢ di sk.
If the ZHis small, a force (suspension |oad) of the suspensiaon to press

the head 5 aga1%%¥th%gdh§ngﬁc? q¥Es? ﬁHFﬁéCFhédePﬁeﬂQEE@Ctlon disk
and with the magnetic head of the head gimbal assembly

in contact with the surface of the inspection disk;
detecting separation of the magnetic head from the

20 inspection disk surface with the mounting height of
the suspension and/or the rotational frequency of the
inspection disk changed; and converting the mounting
height and the rotational frequency of the inspection
disk into the contact force of the magnetic head,

25 thereby measuring the contact force, when the magnetic
head is separated from the inspection disk surface.

According to this invention, there may be



bet ween a | oaded posture angle and an initial nounting angle |essens.
Correspondi ngly, a nonent that presses an exposed end of the head agai nst
the di sk around the center of gravity of the head | owers, so that contact
10 ~ force of the head dimnishes. If the ZHis great, in contrast with
this, the contact force increases. As the ZHis |owered gradually fromthe
reference height by utilizing this charactgr,- separation between the
magneti ¢ head and the nagnetic disk is detected. 15 If this is done, the
contact force of the head at the reference nounting height can be

cal cul at ed accopdbngsl@ the HENAL kRP.bREHYt nardolihBageAt B4t cher cerotati onal

frequency dependency that is previously séettled by cal cul ati on when the
head i s designedon28cTheogeat get tREI-68P3EAL FEBobAE WeERybRenABaRE  LC head
and the magnetic disk can be determ ned by detecting changes of reproducing
si gnal charact enésdli endathescostebtascaceepeadueing saegnal, owhputby
(hereinafter referred to as TAA) fromthe head, 25 signal half-w dth
(hereinafter reteereontacasf®¥b)beeweenMhe mpgueticahkyd thed teproduci ng
signal characteristic values of the magnetic head vary - 9 depending on
the stateh contmegedtbe déphrasedbeohethuvrhdady meanhabft hbesepapati on of
the head can be detected by these changes. Alternatively, the separation of
t he magnetic 5 hegdehhy hbeadecbeéeed by det 8ehi Ahng BAgBELpGt désdnal from an
acoustic emssion (hereinafter referred to as AE) sensor, which is set near
a nounting port?bhvef #RE dBSpehsVenPrRavCEAr Ehas ekre Agghretred Resd |

thereon. Sincg th 9¥t§gé%si gg£ f%og1thg é% ienﬁoi,s%sstanhlo tially
vari os, depending of ¢HS StaL 2 GO actoll of Sepatutcd” S He monetic
FIG.’l shows anagggﬁgéé %?8t58?§8ﬁ§gc?£fgr@%?S?%??%ﬁ%V #Pgﬁggkgékdependehcy

of .2 congct resgrding dotype TBOBSh AcNeddot atnLs dosianed with o

ref erence contact force o s change of the contact

force of the heath papsgtsobesride solalh SR ERALOVERsY 6F the PRapetLc disk

i s changed. The reference contact force is a contact force of 20 the

magnetic head for theneohatbapahyiheddeReY ngher @hnaiht erd e edtad s
reference rotational frequency) of the magnetic disk used in the magnetic
di sk drive. In thi snexaspkeiefitehe pagnebictheadpeth€i2atrieher ence cont act
force obtained with the reference rotational frequency of 4,200 rpmis
about 150 ngf. Théusbnthet ehbpdémeendsofothesseneminononans! yogsether 10
the rotational frequency increases. A substantially linear relation is

est abl i shed wi tHithethef eeeacelodercghetipot givenakbbvegaadcyEhel n order to

separate or |ift the_nmagnetic head fromthe nmagnetic disk with 5 the
contact force afekdideChdREGErPting Pt &hroRBPOALEGHEScWivRn: Be 1disk nust

be raised to tens of
serve to explain the principles of the invention.

FIG. 1 is a diagram showing a contact force-

rotational frequency characteristic of a magnetic head
20 having a reference contact force;

FIG. 2 is a diagram showing a contact force-
rotational frequency characteristic of the magnetic
head obtained after the mounting height of the head is
changed; |

25 FIG. 3 is a diagram showing the upper and lower
limits of the contact force of a contact recording

type magnetic head;



t housands of rpm which is not practical. Accordingly, the ZH is nade
smal l er than the reference height to | essen the contact force for the 10
reference rotational frequency. By doing this, the magnetic head can be
lifted with a lower rotational frequency. Mre specifically, the contact
force |l essens at a rate of several nmgf/,umif the ZH is reduced. If the
head is mounted with the ZH | essened 15 byg several tens of ~cm therefore,
even the magnetic head that has the characteristic shown in FIG 1 can be
lifted above the magnetic disk with a |lower rotational frequency. FIG 2
shows a contact forcprgotatigngl 4f EEGURNEYoR9nehar agLerlshicg ol okhene
magnetic head with the ZH snaller by 50 ,umthan the reference height. The
sensitivity of therdbtfesrébeceophactohionee- retationgl tipealena¥tis 2
ngf/~cm If the ZHis lowered by 50 ,um a lifting start line 1 on which
the contact 25 fesge with which the nagnetic head is lifted is zero is
upwardly noved parallel by 50 ,gym X 2 ngf/,um = 100 ngf. If the actual
contact force of theFh@ad5i $s a- side edeal sthemhéiceflléyestewdont act force,
the head is lifted at an intersection 2 (about 2,600 rpm hereinafter
referred 1o as medsnehce devicagastartifgegaeavypmbetiiwmentt hé kheting start
line 1 and a 5 characteristic curve A If the actual contact force is
smal | er than thenyefktente contact force, the head is lifted at a
rotational frequency_lower than the reference lifting start frequency. If
the actual contact fBFEe ﬁslﬁréaﬁéﬂetﬁéﬁwtﬁQOWéPQréng€a@0ﬁPQ@Pllo force,

the head is lifted a% a rotational freggenﬁy highﬁt th%n t he refgtence
lifting start fregcenty. IRByUSLPPaBl §OREREET FRGOERENIHE YRS BRA9BFAdFor y
cont act neasuriQ% sange can be obtained within an all owabl e rotational
frequency range Ft he measuring device, 15 and the contact force can be

measur ed; by the saneﬁggphgdgﬁlgnggggQgh,Sﬁoﬁngggtc%%%%EQiQ%rg¥pe magneti c

head i s nmounted on the dist e rtion o uspensi on by means of a

gi mbal s spring, ~apdc{9RA® ardQubgag ghabakrassembly cLhekeipaf ker referred
to as HGA). In the pre-delivery stage, the contact force of the magnetic

head of the HGAL{istsHb eehrto16heparsetons hbakuzkfedtt Fobukabkbatheterrors
in nounting positions of the head and the suspension, angular errors,

errors 25 in grpeyerdepyhtopet hegABBisuhkadehatriagski dentaand foldaer errors
caused during manufacturing processes. According to the contact force
measuri ng net hogmbadsed than the reference rotational frequency;

15 FIG. 8 is a diagram showing a contact force;
rotational frequency characteristic curve and a
lifting start line used in measurement for a contact
recording type magnetic head having a contact force
greater than the reference rotational frequency; and

20 | FIG. 9 is a diagram showing contact force-
rotational frequency properties of the magnetic head
and a plurality of straight lines representing
separation rotational frequencies.

DETAILED DESCRIPTION OF THE INVENTION
25 Referring now to the accompanying drawings, there

will be described in detail a method of measuring the

contact force of a contact recording type magnetic



- 12 on the principle described above, therefore, the nmagnetic head need
not be detached fromthe HGA when its contact force is neasured, and
defective products can be screened in the pre-delivery stage. 5 The cont act
force design of the contact recording type nagnetic head will now be
described with reference to FIGS. 3 and 4. FIG 3 illustrates the design
concept of the contact force of the contact recording type magnetic head.
The contact force is 10 designed to be restricted within the range between
an upper limt value 6 and a lower Iimt value 7, in consideration of a

”1“i”Un]CO”taCthéQ&C§f§o¥&EH%gPECQnt?ﬁFEQQHeﬁ%“BQtt ¢sexakledibg behave

di sorderly by an undul ating tron o e magnetic disk, dispersions 15 4

attributable to,g4"9r8chfafBNEbAEEURBAsARINENaLAEERMARELS rok thescont act
force in a reduced-pressure environnment. By doing this, the reliability of

the magnetic digkagnryegcasthedensured. The upper and lower limt values 6
and 7 are determned in the 20 foll ow ng manner. (1) The upper limt value
of the contact forceThs batitopaivalipeéeswch thlkatuetthe dreghatdacsugdoed; wear
reliability for a prolonged value is too high, a protective film25 so fast
that the head i3 danbget @henerepiodbei dgsekébedt fiigséxpo§be. £O2xeThe | ower
limt value of the head can enjoy period. If this of the head wears a
recordi ng/ contaétcppieet of lge Fensactt segovding suelk magnethe head can
resist a vertical exciting force that is attributable to a _fine undul ating
notion of the nﬁ@n@tmégﬁﬁgk? fiex 4°BRBAS 8R ER&npPré&asiorRd EERORENHorce 5

di stribution of the nagnetic head. The_contact forcge
of the magnetic dgsk. If t%e rotat&onal frequency of

the magnetic disk is raised, the pressure of an air
10 lubrication film that is generated in a gap between
the disk and the head increases. Thereupon, a force
is produced in the direction to 1lift or separate the
head from the disk, so that the contact force of the
head lowers correspondingly. Thus, the magnetic head
15 is separated from the magnetic disk by increasing the
rotational frequency of the disk that is rotating at a
reference frequency with the contact-type head sliding
thereon. The contact force of the magnetic head with
the disk at the reference rotational frequency can be
20 calculated according to the rotational frequency of
the disk being separated and contact force-rotational
frequency dependency that is previously settled by
calculation when the head is designed. The reference
rotational frequency is a rotational frequency of the
25 magnetic disk that is used when the magnetic head is
actually set in a magnetic disk drive.

The contact force of the contact recording type



has the illustrated distribution that involves its dispersions attributable
to errors in manufacture. If the magnetic head is designed so that the
contact force distribution is restricted within the range 10 between the
upper and lower |imt values 6 and 7, defective products are produced
inevitably. As shown in FIG 4, the defective products include products 8
whose contact force is greater than the upper-limt value 6 and products 9
whose contact force is smaller 15 than the lower limt value 7. In the
defective products 9 with the contact force smaller than the lower limt

value 7, the magnetic; bead,5agnol fLabLyyshLAgehByCORt achotthtinfhe magnetic

di sk (or repeats tontact and junping). Accordingly, the nmagnetic 20 spacing

fluctuates to hhadentr ecordingrand repepduat teNasThus, sbherpeoducts 9 can
be detected with high possibility in an inspection before the device is

delivered. Howewggnethe defrcti ve phedpet $s8swhlh,t hefepakact force greater
than the upper limt 25 value 6 cannot be easily detected in the
pre-delivery ingspespensiodheosdnt act ther saspeasiohngonptbed aheohdiadg to

- 14 the present enbodinent is applicable to the detection of those

unavoi dabh e defagainetptbdudiskandcreatact Wbite sbeedniffigrencethe stage of
delivery of the magnetic head. The following is a detailed 5 description of
t his contact fob@éwﬁ@@s@riﬂgdﬁéth@étwf@ngnﬂﬁﬁhaﬂﬁeaﬁeé%ﬁrﬁﬂﬂé geuhténg
therefor. As shown_ in FIG 5, the measuring device is constructed so that
it is also usabPeI48 hKASEFBEtri cAFrBEBRRALYILHspBcTPBRN et E@E PRe&SREgNeti c

head 10,1 1oPection prosess,. Tia Teasyiuno device bas 8, opl pdLe, mler 12
nort Zontal ot (oLt L8n,g0,Abe 8 0dLer gl B RLOT A2 pdouRartina, post
POt oL s Shalehibh RRCABLATIR JUR A g enatleg,tne A 20
an HGA 24 that &éntrast with this, the contact force increases.
As the ZH is lowered gradually from the reference
height by utilizing this character, separation between
the magnetic head and the magnetic disk is detected.
15 If this is done, the contact force of the head at the
reference mounting height can be calculated according
to the mounting height and the contact force-
rotational frequency dependency that is previously
settled by calculation when the head is designed.
20 The contact and separation between the magnetic
head and the magnetic disk can be determined by
detecting changes of reproducing signal characteristic
values, such as a reproducing signal output
(hereinafter referred to as TAA) from the head,
25 signal half-width (hereinafter referred to as PW50),

etc. More specifically, the reproducing signal

characteristic values of the magnetic head wvary



provided with a contact recording type nmagnetic head 20 22 as an object of
measurenment. As shown in FIGS. 5 and 6, the HGA 24 conprises an el ongate
suspension 25 formed of a thin | eaf spring, the magnetic head 22, and an
arm 28. The nagnetic head 22 is nounted on the distal end portion of the
suspensi on by neans of 25 a ginbals spring 26. In this case, the arm28 is
attached to the proximal end portion of_thg suspension. The suspension 25
and the arm 28 may be - 15 formed integrally with each other. The
suspensi on 25 has a given static pitch 8 with respect to the arm 28. Based

on this value, it generates anboreecto pressciba contack Lecrdbpg type

magnetic head 22 agal nst a surface of the nmagnetic hé HGA 24 is

set in the meastikd NGe48Yi §6 whth the aepnZ8tmpHNbedtas hBegqmedAat beg arm 20.
The contact recording type magnetic head 22 is in contact wwth the surface

of the inspectigatéeiskdldy ThesdOcnabgekng hei ght ZH of the HGA 24 above
the surface of the disk |14 can be changed by adjusting the height position
of the arm 20 with thetkrhttireehani shel8epkunthen, otfthéheeasuniend cdevi ce
conprises an AE sensor 30, drivers 32 and 33, nenory 34, arithmetic 15
section 35, nonh¢ad B8y kendebtcbadtbgOdetbrmifhagAEnsensput36igsadount ed
on the nounting arm 20 and neasures acoustic em ssion fromthe arm 28. The
drivers 32 and Bgomdraneachestitt enpghannsihe8eandfthe spifpdirednbrorsl2,
respectively. The nenory 34 is 20 stored with the contact force-rotational
f requency chara%?br?%@?%rofthéhnﬁ@né?FcnﬁéédaZQOHEtééﬁtQ@Ftﬂéﬁc@fnnunt|ng
hei ght characteristic, etc, a%DthnEtlchgectlon 3 Byerts a neasured

val ue, rotationgaie f?%ﬁﬁ%%ﬁ%onaﬁaa GREFAGShel§hbapRE th e3g CHRERCE f or ce

f h head., Th 38 | Th
Cont ror Toaret o DERS, e oTRBLE b dRal BPoRY Bndr AR SERRRY, Mibttet e

16 A repy oduci pg, oyt byt { Lot he-aeggebhe hgadt?el s cARRLLedd 8.t he i nput

of the control uni
separated, of the magnetic head, the head separation

can be detected by change of the output signal.
FIG. 1 shows an example of the contact force-
rotational frequency dependency of a contact recording
15 type magnetic head that is designed with a reference
contact force of 150 mgf. It illustrates change
of the contact force of the head caused when the
rotational frequency of the magnetic disk is changed.
The reference contact force is a contact force of
20 the magnetic head for‘the rotational frequency
(hereinafter referred to as reference rotational
frequency) of the magnetic disk used in the magnetic
disk drive.
In this example of the magnetic head, the
25 reference contact fofce obtained with the reference
rotational frequency of 4,200 rpm is about 150 mgf.

The contact force tends to lessen monotonously as



Normally, in a pre-delivery inspection process for the nmagnetic head,

el ectrical properties of the 5 magnetic head, including the PW0O and TAA,
are neasured with use of the measuring device, and magnhetic head screening
is carried out according to obtained electric property specifications. In
the inspection of the contact recording type magnetic 10 head, defective
magneti ¢ heads are screened by the aforesapd oethod based on the contact
force after they are screened with the electrical properties. The foll ow ng
is a description of the contact force neasuring nethod and a defective

magnet i ¢ head 1§hécf§€Q£PSn§?tPPqugg%gt}n&?@agg§.24 hQMEQQaBE§a netic

head 22 to be neasured Is prepare t I's nounted on the arm of the
measuring deviceindhe pRgReibs Deads22pi $s88APOSEH tRchavecl-hR OBk aCt
force-rotational 20 frequency characteristic shown in FIG 1. For
sinplicity, thisigheragbeatsbhgli sraghenxi,mat ehyorgpresentegabyta strai ght
line, and the rotational frequency sensitivity of the contact force, that
is, its inclination, the suppesed heabefaoml bhehingagRbtexadnke, wath 0. 006
nmgf/rpmis given, and this a is stored in advance in the nmenory 34.
Subsequent |y, theeH@nRdActsfadrastedzenol heowevel7 thef epéntéonmlnti ng

hei ght ZH by neans of the lift nmechanism 18 before the contact force
measur ement . Théré¢dgpecyi of thekdiaki wupdtheedaasetheor ékasenée rot ati onal
frequency, and the electrical properties of 5 the magnetic head 22 are
neasured. An inHexugarde P&rrPRe WA§RBt L& BPhcPAgCEBEALRed by this
nmeasurenent, e.g., the half-width PW0_of the reproducing signal, is stored
in the menory 34. Théﬁ?ofﬂéngéﬁtaépef5Fcési§aQ€a§Hﬁé&an%p®6~§P§ges in the

foll ow .10 F t oI d tic, head
whose contact 1 bf 66 PACEEF LERCL han EASoRoF B cHoB ek SPECPorce SAA ones
wh t f j : tact ~.Let it b
Supposed-tnat Rt apear?| FRFECIANAT EPERRSRRLTTORLTRRNER Fh¥ienty or the

measuring deVigﬁa%ﬁet?cghea&chggaéggkfegdtQﬁtﬂagnﬁghgthQQa%%ohglthe

contact force e magnetic is smaller than the reference contact

force, as shownridqghbley/, RBdet BRL LRecHRADEt LRcheddtd2ti $ol-eaded on the
i nspection 20 disk 14. Thereafter, the ZHiS lowered to a point 19 on which

the intersectione2sbrsweenat heteharasckeeirsti fggunme frandetpr Lfting start
line 1 coincides with the upper limt value (15,000 rpm) of the rotational
frequency. The deduease offthkeZheks éguabuhbed walhetB® CHatl eissenlatdai ned
by dividing a contact force of 83 ngf at 15,000 rpm by a contact
force-nolmt i ng bhgi ghvedapehdeacyf lumi hikecafcwd at¢ven the magbatic - 18
f orce-nounti ng height dependency is given as
head that has the characteristic shown in FIG. 1 can
be lifted above the magnetic disk with a lower
rotational frequency.
FIG. 2 shows a contact force-rotational fregquency
20 characteristic of the magnetic head with the ZH
smaller by 50 um than the reference height. The
sensitivity of the ZH for the contact force-rotational
frequency is 2 mgf/um. If the ZH is lowered by
50 pum, a lifting start line 1 on which the contact
25 force with which the magnetic head is lifted is zero

is upwardly moved parallel by 50 um X 2 mgf/um =

100 mgf. If the actual contact force of the head is



2 mgf/,um 1In this state, the rotational frequency of the inspection disk
14 is gradually increased fromthe 5 reference rotational frequency as the
hal f-wi dt h PWs0 of the reproducing signal is nmeasured in accordance with

t he reproduci ng out put of the nmagnetic head 22. Wen the hal f-w dth PWO
becones greater than the val ue obtained by the foregoing el ectrical
property 10 neasurenent, it is concluded ghat _-the magnetic head 22 is
separated or lifted fromthe disk 14, and the then rotational frequency of
the disk is stored as the lifting start frequency in the nenory 34. The

arithnetic sectée@a§6t&a£ﬁgléégéréﬁgeceaheg&t1§0E9é9etgé k@ﬁdnggnetic head
r A a

22 fromthe detected lIfting start equency. asic tornu or the

calculation is FerfefRhit-aftf Mt&rdettbon. 2HeEBoRE 15, 6b8 epntact force
(ngf); Rf, lifting 20 start frequency (rpm); Rin, reference (ifting start

frequency (rpmheptatbonal feeguesaytwi kB whrehehhe neferapcetgentact force
head is lifted at the set ZH); Fcn, reference contact force (= 150 ngf);

and a, rotationatefinenuencyeseasit tiit ¥ifeifg006amyf Lipe) 1 2hdl & the
magneti c head 22 starts to be lifted at 15,000 rpm for exanple, Fc is Fc =
(15,000 -515, 000haXaOt@DBstid50urvésB. ngflf the &8tusd thatathe foantact
force of the head 22 is evidently coincident with the reference contact
force of 150 npis $hather nhgaet Feehsafderensearpstegtbéoricet edhat heed0o00
rpom on the other hand, Fc is 5 Fc = (10,000 - 15,000) X 0.006 + 150 =120
ngf, so that theScbhibed #breerofathenféadr2gupacyyilauRt| fhamather than the
reference contact _.force o f the rotational fgequency of the

i nspecti on diskrﬁﬁngnEﬁaLﬁégg?gg%F?%E FEFEREREE - r ot dt F8RaPt¥ofr equency of
{1200 1pm Lo (he.pRer-PLILL (9tshiona) (Leauensy. gl 000 Lo, hhe Lover
0.006 + ﬁ@O = Sgogcgpfthe head is lifted at a rotational frequency
higher than the reference lifting start frequency.
By suitably selecting the ZH, a satisfactory contact
measuring range can be obtained within an allowable
rotational frequency range of the measuring device,
15 and the cohtact force can be measured by the same
method.
In general, a contact recording type magnetic
head is mounted on the distal end portion of a
suspension by means of a gimbals spring, and forms a
20 head gimbal assembly (hereinafter referred to as HGA).
In the pre-delivery stage, the contact force of the
magnetic head of the HGA is subject to dispersions
that are attributable to errors in mounting positions
of the head and the suspension, angular errors, errors
25 in groove depth on the ABS surface of a slider, and
other errors caused during manufacturing processes.

According to the contact force measuring method based



" and the upper limt is the reference contact force of 15 I50 ngf. |f the
nmeasured contact force is not within the aforesaid range, it is necessary
only that .the previously set decrease of the ZH be adjusted. If the ZH is
set so that the reference contact force head is |lifted at 20,000 rpm the
contact force at 20,000 rpm 20 is 53 ngf, so that the ZH nust only be

| owered by 53 (ngf)/2 (myf/~ nm - 26.5~ Ay In this case, the lower limt
of the measurable range of contact force is Fc = (4,200 - 20,000) X 0.006 +
150 = 55.2 nyf, and the upper limt is 25 Fc = (15,000 - 20,000) X 0.006 +
|50 = 120 mot. dheneibrihe: 6o0tackehones abolle wRgelbecheadea2 i s

greater than the reference contact force, - t he ‘hea i's | oaded on

the inspection dhgkelde HbBgHeALLEN nothBeZHekacheWer@dns@nkh@tp@ihen
intersection 21 between the characteristic curve A for the reference

contact force oftd58onBhcandotbe hiifihkAgudes) athdl H@@ekt@@ien%ir@@@c\ﬂsth the
upper limt value (15,000 rpn) of the rotational frequency. The decrease of

the ZH is 150 (ogh he/ 2cteghbdain) the7breudmlilverihissastate, the rotationa
frequency of the inspection disk 14 is gradually increased fromthe 10

ref erencedrot ati onal Theeqoetiegti Motrkke sase gmeferthas cahdraedain cas dimay
lifting of magnetic head 22 is detected by change of the hal f-w dth PWO of
t he reproduci ngt¥Pgnaponebart headerndl22novheet Hescrébad ongh frequency of
the inspection disk is stored 15 as the lifting start frequency in the
nenory 34. The BPfERABERCTSeELFdn 36288l bul afés -t Re 1édnsaEetrsr é&eof the
magneti ¢ head 25 fromthe detected Iifting start frequency. As in the

af oresai d case, “85hgRj EORGFREI 8 Shet RENEAFEUFRELSN Oits TRE SOPRACE Rin) X a
+ 20 Fcn, where Rin =.4,200 rpm If the lifting,start frequency aqf the
magneti ¢ head 2EeF8er?60gYPSnFaEBFtéQaHﬁPQ; F h@scﬁgtgcﬁl%Péﬁ% 154,200) X
0. 006 + 0 =1 , +S0,. Lh . t f.ar of. IS
evidentl%§25 gr§§§ggﬂgéaﬁgtﬁé ?éfé?gﬁggap%%%gég_%%chaog%lggﬂﬁf%. If the
rotational freqaﬁnﬁypgi &Eﬁitn§aﬁagl%naﬂpsg &§W@§ Ghanged hiamit hgp
reference rotationa - 21 frequency of 4,200 rpmto the upper-Iimt

rotational frequensydetatpoR08rr BMuihRRuOWBH thich tro@f-ct Be yiRaS Whakle range
of contact force is Fc = (4,200 - 4,200) X 0.006 + 150 = 150 ngf, 5 and the

upper limt is Erge=héd8, 68Anot4be08kcXt@d086 behB@e=d2kérBeify. phf the
measured contact force is not wwthin the aforesaid range, it is necessary
only that the Zkhbentohetédgfmothen. offf thhemdnies ifuritikdr, |ddweread il s
15 4 attributable to errors in manufacture, and an
increment 5 of the contact force in a reduced-pressure
environment. By doing this, the reliability of the
magnetic disk drive can be ensured. The upper and
lower limit values 6 and 7 are determined in the
20 following manner.

(1) The upper limit value of the contact force is
set to a value such that the magnetic head can enjoy
good wear reliability for a prolonged period. If this
value is too high, a protective film of the head wears

25 so fast that the head is damaged when a recording/

reproducing element is exposed.

(2) The lower limit value of the contact force



10 50 ,umto be smaller by 125 ~cmthan the reference nounting height, for
exanple, a reference lifting start frequency corresponding to the ZH is 33
(rpm 4, 200 (rpm) - 50 (,um) /2 (mgf/,um) /0.006 (ngf/rpm . The | ower
limt of the neasurable range contact force 15 is Fc = (4,200 - 4,200) X
0.006 + 150 = 150 ngf, and the upper limt is Fc = (15,000 - 33) X 0.006 +
150 = 239.8 ngf. According to the contact jhorce neasuring nethod 20 and
device arranged in this manner, the contact force of the contact recording
type magnetic head can be neasured easily and stably before the device is

set in the magnetigodi 8k dri¥eueDehient kugrpradugtsqt hah éégiggviated from
an allowable contact force distribution 25 can be detected and rejected in

the pre-delivery {aspeehioBxterihhereentaghakecar dihgibypaepragpstic head.
Therefore, the defective products can be - 22 quickly detected, and the
yi el d of producasfeas brdubptongdmolesar difnghtombhac®asdisrRg nmet hod and
devi ce descri bed above, noreover, defective nmagnetic heads can be screened
by only increasi ng oR&Gpr dceasws aht exaoplleebdr ¢ heheonaaventfioeaa

el ectrical property measurenent. Thus, the neasurenent and screeni ng can be
carried out effdcpenibytiFheofephrambgnedicl httidng Ghet hentraghetfocckead
fromthe magnetic di sk can be easily detected by the 10 change of the

hal f-wi dt h of thesrEbeodléha§rargaaliptsibthéonestiali thyalvesi A§sany new
measurenent item At the sanme time, the reproducing signal half-w dth PWO
i s highly sensifi9RSF81PRE Ah§REPIEaBpEcEAgersarehal FRBUEBREHEE -and

separation of t netic head, 15 can he detected with hjgh accuracy. The
seBaration of tﬂg Eﬁgn@?geeﬁéﬁdhﬁﬁg b& decésred 69 %h&ﬁgékgfcpﬁgaCt Y

duci i i i T .of _the_head | by th h f
he Fopr oo noberohar EREFHRGIRD ARLsEREraRREn, BE ohSh £RR REnBR ot ao t he

20 hai f-ypdth %géggsge%@ ngggt ghiedouEdr 116l e 10,3801 ghion of 1 he

magneti c tecte ange o e out put sign fromthe AE

sensor that is @é?@éh?getBrEB@cHQUQEEngrBQEEEQHiﬂEvﬁQEbEgAaehE ER%%nFase’

the contact and separation of the magnetic head 25 can tected w thout

using the el ectihcakcpropechy Makuesiok bB@ah@@@-iwkqhd@SEraaubE% gont act
force neasuring nethod - 23 described above, nagnetic heads that have

excessive and swasse eontaet Forcesieagrbetser eamadtaeduppiect edimore
easily in the pre-delivery inspection. In contact force-rotational
frequency propevéles b shdwnrpduEt& 99whasset ranghttl ifpecA is smppdsed to
represent a magnetic head with the reference contact force. In this case, a
strai ghtl?i ne Btheprebenlowarnagneti vahead 7w t Anatbentdadectdovee greater
than the reference contact force, and a straight line C
products 9 with the contact force smaller than the
lower limit value 7, the magnetic head cannot stably
slide in contact with the magnetic disk (or repeats
contact and jumping). Accordingly, the magnetic
20 spacing fluctuates to hinder recording and
reproduction. Thus, the products 9 can be detected
with high possibility in an inspection before the
device is delivered. However, the defective products
8 with the contact force greater than the upper limit
25 value 6 cannot be easily detected in the pre-delivery

inspection.

The contact force measuring method according to




10'represents a magnetic head with a contact force smaller than the
reference contact force. In the description to follow, these straight |ines

will be referred to as separation straight |ines. Readi ngs of contact
forces obtained when the straight lines cross 15 a reference rotational
frequency Rn indicate contact force values Fcn, Fcu and Fcl, individually.

Separation contact forces are representediyndividually by points Rsn,
Rsl and Rsu at which the separation straight lines A, B and C cross the axis
of abscissa. 20 If the upper limt of the allowable rotational frequency of

t he measuring d@Nécﬁré§e&§’QQQo&PﬁénEGESCgﬁggﬁcgﬁlgegéuEgg B%E@E%?ght

exceeds the upper Iimt. In this case, the nmust only adj uste
properly. If thefZthbse! oMereddsnlseapendinget Br4Quplt bAdt epRB 225 of the
contact force, the axis of abscissa that forns intersections with the
separation stratghtel s0eseningt hhstrasetags bt aeseckirgno rapresents a
separati on - 24 rotational frequency. The screening nmethod wll now be
descri bed with mafeeenceh¢adFl GTh8. fdheovdhbowsng tstaidesdcri ption of a
case where the contact force to be screened is 5 Fcl when scarce contact
force heads aredescedpetorandirejest edntschcéorhe wmaseunhegemehbosicr eened
contact force is_Fc is represented by the straight line C, the separation
rotational frequb?ey WeFh|fee BRashelngt drEéeei 6hebetfasen the |ine C and
the axis of 10 abscissa for F¢ =_0. Thus, nagnetic heads with the contact
force of Fcl or snal f&rSBAWE ¢BnFHE-scr eERBdMEF SHELE6t I98F 1Codé nagneti c

heads whi ch separate fromthe g'sk mgen the rotatjonal frequency of the

disk is Rsl. 15°UAStReCbEhef©n %a, & cé§s?$§ocBﬁ?hg? fi8r &8 ﬁgﬁﬁ rd&fbe

screened and rej .onl ejecting those_magneti ¢ _heads whi ch under go
SR R CIA R R o e 0

no separation e rotationar fr es the

separ at i of rOta{ﬁgﬁéétﬁéﬁq§§88¥s§$u &ﬂ?&.hé?gﬁrEBBrag%@E%th% Lhe

i ntersection between the separation straig ine°B tof the contact force

(e.g., Fcu) to beisgreensdoandat Peodxhadl 8h ECorzs@. 1bf tRe vakpefabqt he
i ntersection Rsu between the separation straight line and the axis for Fc =

0 exceeds the naxérum 2bsashepebtedr shBttanak afingquersychenitije segasuring
device, as in the exanple shown in FIG 9, however, the separation

rotational frequebnsyicanchethesspintied of- tRE mbéothe2al | awahbeocer ingwer

val ue by reducing the nmounting height for the proper ZH, as nentioned
before. Thus, spogenlfgisasebeupchnetkd byseejléct Bnd thosentagaetirem heads
whi ch undergo no separation 5 with the separation rotational frequency that
is represented By ihesuppertedtponthet peen bhemarins of abddifssa, indicative

of the properly lowered ZH, and the separation straight |ine.
mechanism 18. The mechanism 18 enables the arm 20 to

ascend and descend in the vertical direction.
The arm 20 is fitted with an HGA 24 that is

provided with a contact recording type magnetic head
20 22 as an object of measurement. As shown in FIGS. 5

and 6, the HGA 24 comprises an elongate suspension 25

formed of a thin leaf spring, the magnetic head 22,

and an arm 28. The magnetic head 22 is mounted on

the distal end portion of the suspension by means of
25 a gimbals spring 26. In this case, the arm 28

is attached to the proximal end portion of the

suspension. The suspension 25 and the arm 28 may be



This invention is not limted directly to the 10 enbodi nent descri bed
above, and in carrying out the invention, its conponents may be nodified
and enbodi ed wi thout departing fromthe scope or spirit of the invention.
Further, various inventions may be nade by suitably conbining a plurality
of conponents 15 described in connection with the foregoing enbodi ment. For
exanpl e, sone of the conponents according;to the above-described enbodi ment
may be omtted. Furthernore, conponents of different enbodi nents may be
conbi ned as required. 20 For exanple, the set value of the ZH and the range

of variation ofedfiged ofid oral1 § IeAMenCY By bey conbhoed, L. ARy mager

dependi ng on the allowabl e rotational frequency range for e neasuring

device, the rangesof ¢heecostacicforeent @ b treastyitht &1+ arm
Alternatively, the contact force may be neasured with only the ZH or the

rotational freqencyBassd esh Forsexampd g, it hgenepsteenentopBy be made with
only the - 26 ZH varied wthout changing the rotational frequency. If

t he devi ce usedrasmothacceptacontéaoodsnghapge wighdei ZHebd 23 necessary
only that the rotational frequency al one be changed with the ZH fixed at a
5 certairP val uedgainsR7a HATa¢S CEAIMEDna®dtiA dishod of screening a
contact recording type magnetic head based on a contact force of the
magneti c head, conprf%?n@gASZQré®a$€hgi@ headnghabalingsdenbty wathng a
suspensi on and a magnetic head supported on a distal end portion of the
suspensi on by aRf idl 2§ PRttt ottt Py BeuRHsR@caFBn2 @i skTREth a proxi mal
end portion of the suspension. supported at a given 10 npunting height for a
surface of the THSFETY i O Sk %n Q@tW@??@Fh%g?%?@c2%eéﬂ iR contaet with

e T Lore o (i | (1RPOSLE £RCL SK R0 51 6L 09 ge0T 241 OnyRL the
10 mounting height ZH of the HGA 24 above the surface of
the disk 14 can be changed by adjusting the height
position of the arm 20 with the 1ift mechanism 18.
Further, the measuring device comprises an AE
sensor 30, drivers 32 and 33, memory 34, arithmetic
15 section 36, monitor 38, control unit 40, etc. The
AE sensor 30 is mounted on the mounting arm 20 and
measures acoustic emission from the arm 28. The
drivers 32 and 33 drive the lift mechanism 18 and the
spindle motor 12, respectively. The memory 34 is
20 stored with the contact force-rotational frequency
characteristic of the magnetic head 22, a contact
force-mounting height characteristic, etc. The
arithmetic section 36 converts a measured value,
rotational frequency, and mounting height into the
25 contact force of the magnetic head. The monitor 38
displays measurement results. The control unit 40

controls the operation of the whole measuring device.



the surface of the inspection disk wth the rotational 15 frequency of the
i nspection disk increased to a given value, thereby screening the nmagnetic
head based on the perfornmance of the separation. 2. The nmethod of screening
a contact recording type nagnetic head according to claim1l, wherein 20
magneti ¢ heads having scarce contact forces are screened by rejecting those
heads whi ch undergo separation with a sepagation rotational frequency
determ ned by a m nimum contact force value to be screened, a disk
rotational frequency of a magnetic 25 disk drive, and the dependency of the

contact force op #dirdiAPMNAbr St eaensyc 0l hhendi sk, n0L4! Hyef rotational
frequenci es. - 28 3. The nethod of screening a contact recording type

magnetic head agg@riddiged ocled ainpdt ahefies NcsBERSL | enpeags, havi ng excessive
contact forces are screened by rejecting those heads which undergo 5 no

separation with a separmilby, ronakiponetdél equencyneptet tbAegrb¥eadsnaxi mum
contact force value to be screened, a disk rotational frequency of a
magneti ¢ di sk drdweihambdriet degerméncyl ofttheatoptapérf besecdnNthbe
rotational frequency of the disk, or higher 10 rotational frequencies. 4.
The nethod of SEaEwEtiig keadbntiantludioy dilng Rype amgnBAic aead according to
any one of clains 1 to 3, wherein the detecting separation of the nmagnetic
head i ncl udes JdEMTSY Wedt dRRiNg Srgriaeasiohny heeubcemgmedi ¢ head, and
detecting the separation in accordance with change of the half-w dth of the
repr oduci ng si&é%qéE§C!hﬁ?qEQQEﬁFQﬁn%c%%eﬂ?%@l% COnt arECPERDREi Bg type
magneti ¢ head %ﬁ%cgfﬂé1 to any. one of clains 1.%0 to. 3, wherein the
detecting separation St THeE Hagheti P Head TR bEkSabEeREt i nRr Epf oduci ng
signal fromth i n tecting the separation in, accordance
wi th change ofqtﬂg |n%é%§?%§qugt(gggﬁggo%ﬁé?$%ﬁ%?gﬁ%?? %%g%?g%ﬂe met hod of

screening a contagt, TRAAL! At bR RANGLL £yheas aceording Lo apy one of

claims 1 to 3, wherein the detecting separation of e magneti ¢

head i ncl udes detRdddith Ak BENYd S LB SSLOD Sbghaky f oML heepLpxi mal end
portion of the suspension, and detecting the separation 1n accordance with
change of the defeactat acousdidd emEesi e S rical properties.
The following is a description of the contact force
measuring method and a defective magnetic head
15 screening method.
First, the HGA 24 having the magnetic head 22 to .
be measured is prepared, and it is mounted on the
arm 20 of the measuring device. The magnetic head 22
is supposed to have the contact force-rotational
20 frequency characteristic shown in FIG. 1. For
simplicity, thisvcharacteristic is approximately
represented by a straight line, and the rotational
frequency sensitivity of the contact force, that is,
its inclination, is supposed to be a«. In this
25 example, o = 0.006 mgf/rpm is given, and this « is
stored in advance in the memory 34.

Subsequently, the HGA 24 is adjusted to the



5 7. A method of neasuring a contact force of a contact recording type
magneti ¢ head, conprising: preparing a head gi nbal assenbly having a
suspensi on and a magneti c head supported on a distal end portion of the
suspensi on by a ginbals spring; 10 rotating an inspection disk with a
proxi mal end portion of the suspension supported at a given nounting hei ght
for a surface of the inspection disk and wth_-the magnetic head in contact
with the surface of the inspection disk; 15 changing at | east one of the
nount i ng hei ght of the suspension and the rotational frequency of the

| nspect i on di'sk- s ando BN LS HheROACLS HEAL, [oAbe, putlace of the

i nspection disk; detecting at | east one of the nounting t of 20 the

suspensi on and rdhdrotsa i e fERIUES YOt ibe FHSPECHE Q8 Absknt at whi ch
t he magnetic head separates fromthe surface of the inspection disk; and

converting the Tted eiotsack amilot i digs el ghis ansit Hted het renat i onateheequency of
the inspection disk into 25 the contact force of the nagnetic head, thereby
nmeasuri ng the cortaciorfalr cere @ienldye, netdochofe heasui ¢al preopat acés force of
- 30 a contact recording type magnetic head according to claim?7, wherein
t he detecéting depammdnatist hewd chhtaine mecondédg tApeimdgneratudefdr

i ncludes gradual ly increasing the rotational frequency of the 5 inspection
di sk from a refidrefegnatid igmding plenbyedikh ks memsingnért ght above
the inspection disk adjusted to an optional value smaller than a reference
mount i ng hei ght® \fren 'éfflicétl?ji%c? ©F ok trRI ORI RS f of ne b/

rotational frequen With t magneti c head mounted at the reference
nounti ng hei ghgﬁ ﬁ%‘rﬁfgﬁé{i iKYy v%40 Q.ﬂ’ﬁfé' n@??\o‘ac%*fa%ag%ﬁ?%g a
contact force of (o]0) ct recordi t ype. netlc, head according to claim
7 or 8, wherei (r?Lst %leeacgcﬁ\]%ac%:tl gtﬁf:oe Src}?aq%% %%ﬁ‘tgré%t%ﬂjsf?"@c%g a‘F?‘n@n‘ﬁ/ge magnet i ¢
head is tain r e'éggg i i

sensiti vll%'?y whi C]{] E?{sgmlibnl |'c\e§| ve %?n?%?e a??%%é ﬁ%é%%#n%%ggﬁg%%%t force of

the magnetic heathfAidit A 10i e d of £raNcel & Otaldondhe freayengy. and the
rotational frequency of 20 the magnetic disk, the nmounting hei g%t for the

separation of tdwtmgnetdredeath fdruB theo sdirdaceaof thecd nspegtiopedi sk,
and the rotational frequency of the inspection disk. 10. The method of

measuring a corttact tor ceffrfca anmtact fe@cesding type magnetic head
according to claim7 or 8, wherein the detecting separation of the nagnetic
head i ncl udes det ectliely refrodumpyssd gnadt the 3dppérobimbe wagnet b€ head,
and detecting the separation in accordance with change of the hal f-w dth of
t he 15 the rotational frequency of the measuring device is,
e.g., 15,000 rpm and the magnetic head 22 if the
contact force of the magnetic head 22 is smaller than
the reference contact force, as shown in FIG. 7, and
that the magnetic head 22 is loaded on the inspection
20 disk 14. Thereafter, the ZH is lowered to a point 19
on which the intersection 2 between the characteristic
curve A and the lifting start line 1 coincides with
the upper limit value (15,000 rpm) of the rotational
frequency. The decrease of the ZH is equal to a value
25 that is obtained by dividing a contact force of 83 mgf
at 15,000 rpm by a contact force-mounting height

dependency. In this calculation, the contact
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reference contact force head is lifted at the set ZH);
Fcn, reference contact force (= 150 mgf); and «,
rotational frequency sensitivity (= 0.006 mgf/rpm).
25 If the magnetic head 22 starts to be lifted at

15,000 rpm, for example, Fc is

Fc = (15,000 - 15,000) X 0.006 + 150 = 150 mgf,
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coincident with the reference contact force of

150 mgf. If the magnetic head 22 starts to be lifted
at 10,000 rpm, on the other hand, Fc is
5 Fc = (10,000 - 15,000) X 0.006 + 150 = 120 mgf,
so that the contact force of the head 22 is evidently
smaller than the reference contact force of 150 mgf.
If the rotational frequency of the inspection
disk 14 is changed from the reference rotational
10 frequency of 4,200 rpm to the upper-limit rotational
frequency of 15,000 rpm, the lower limit of the
measurable range of contact force is
Fc = (4,200 - 15,000) X 0.006 + 150 = 85,2 mgf,
and the upper limit is the reference contact force of
15 150 mgf. If the measured contact force is not within
the aforesaid range, it is necessary only that the
previously set decrease of the ZH be adjusted. If the
ZH is set so that the reference contact force head is
lifted at 20,000 rpm, the contact force at 20,000 rpm
20 is 53 mgf, so that the ZH must only be lowered by 53
(mgf)/2 (mgf/um) = 26.5 um. In this case, the lower
limit of the measurable range of contact force is
Fc = (4,200 - 20,000) X 0.006 + 150 = 55.2 mgf,
and the upper limit is
25 Fc = (15,000 - 20,000) X 0.006 + 150 = 120 mgf.
Then, if the contact force of the magnetic

head 22 is greater than the reference contact force,
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21 between the characteristic curve A for the
reference contact force of 150 mgf and the lifting
5 start line 1 coincides with the upper limit value
(15,000 rpm) of the rotational frequency. The
decrease of the ZH is 150 (mgf)/2 (mgf/um) = 75 um.
In this state, the rotational frequency of the
inspection disk 14 is gradually increased from the
10 reference rotational frequency in the same manner as
aforesaid as the lifting of magnetic head 22 is
detected by change of the half-width PW50 of the
reproducing signal from the head 22. The then
rotational frequency of the inspection disk is stored
15 as the lifting start frequency in the memory 34.
The arithmetic section 36 calculates the contact force
of the magnetic head 22 from the detected lifting
start frequency. As in the aforesaid case, a basic
formula for the calculation is Fc = (Rf.- Rfn) X a +
20 Fcn, where Rfn = 4,200 rpm.
If the lifting start frequency of the magnetic
head 22 is 10,000 rpm, for example, Fc is
Fc = (10,000 - 4,200) X 0.006 + 150 = 184.8 mgf,
so that the contact force of the head 22 is evidently
25 greater than the reference contact force of 150 mgf.
If the rotational frequency of the inspection

disk 14 is changed from the reference rotational
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frequency of 15,000 rpm, the lower limit of the

measurable range of contact force is
Fc = (4,200 - 4,200) X 0.006 + 150 = 150 mgf,
5 and the upper limit is
Fc = (15,000 - 4,200) X 0.006 + 150 = 214.8 mgf.
If the measured contact force is not within the
aforesaid range, it is necessary only that the ZH be
lowered further. If the ZH is further lowered by
10 50 um to be smaller by 125 um than the reference
mounting height, for example, a reference lifting
start frequency corresponding to the ZH is 33 (rpm) =
4,200 (rpm) - 50 (um)/2 (mgf/um)/0.006 (mgf/rpm).
The lower limit of the measurable range contact force
15 is
Fc = (4,200 - 4,200) X 0.006 + 150 = 150 mgf,
and the upper limit is
Fc = (15,000 - 33) X 0.006 + 150 = 239.8 mgf.
According to the contact force measuring method
20 and device arranged in this manner, the contact force
of the contact recording type magnetic head can bé
measured easily and stably before the device is set in
the magnetic disk drive. Defective products that are
deviated from an allowable contact force distribution
25 can be detected and rejected in the pre-delivery
inspection for the contact recording type magnetic

head. Therefore, the defective products can be
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quickly detected, and the yield of products can be
improved. According to the measuring method and
device described above, moreover, defective magnetic
heads can be screened by only increasing one process

5 after or before the conventional electrical property
measurement. Thus, the measurement and screening can
be carried out efficiently.

The separation or lifting of the magnetic head

from the magnetic disk can be easily detected by the

10 change of the half-width of the reproducing signal
from the head without using any new measurement item.
At the samé time, the reproducing signal half-width
PW50 is highly sensitive to the magnetic spacing, so
that the contact and separation of the magnetic head

15 can be detected with high accuracy. The separation of
the magnetic head may be detected by change of the
reproducing signal intensity (TAA) of the head, as
well as by the change of the reproducing signal half-
width. Also in this case, the same effect as the

20 half-width produces can be obtained. Further, the
separation of the magnetic head may be detected by
change of the output signal from the AE sensor that is
attached to the mounting portion of the HGA. 1In this
case, the contact and separation of the magnetic head

25 can be detected without using the electrical propertyl
values of the head.

With use of the contact force measuring method
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described above, magnetic heads that have excessive
and scarce contact forces can be screened and rejected
more easily in the pre-delivery inspection.
In contact force-rotational frequency properties
5 shown in FIG. 9, a straight line A is supposed to
represent a magnetic head with the reference contact
force. 1In this case, a straight line B represents
a magnetic head with a contact force greater than
the reference contact force, and a straight line C
10 represents a magnetic head with a contact force
smaller than the reference contact force. 1In the
description to follow, these straight linés will be
referred to as separation straight lines. Readings of
contact forces obtained when the straight lines cross
15 a reference rotational frequency Rn indicate contact
force values Fcn, Fcu and Fcl, individually.
Separation contact forces are represented individually
by points Rsn, Rsl and Rsu at which the separation
straight lines A, B and C cross the axis of abscissa.
20 If the upper limit of the allowable rotational
frequency of the measuring device is 15,000 rpm, Rsu
cannot be measured because it exceeds the upper limit.
In this case, the ZH must only be adjusted properly.
If the ZH is lowered corresponding to 40 mgf in terms
25 of the contact force, the axis of abscissa that forms
intersections with the separation straight lines. 1In

this case, an intersection D represents a separation
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rotational frequency.

The screening method will now be described with
reference to FIG. 9. The following is a description
of a case where the contact force to be screened is

5 Fcl when scarce contact force heads are screened and
rejected. Since the case where the screened contact
force is Fc is represented by the straight line C,
the separation rotational frequency Rsl lies on the
intersection between the line C and the axis of

10 abscissa for Fc = 0. Thus, magnetic heads with the
contact force of Fcl or smaller ones can be screened
by rejecting those magnetic heads which separate from
the disk when the rotational frequency of the disk
is Rsl.

15 On the other hand, excessive contact force heads
can be screened and rejected by only rejecting those
maghetic heads which undergo no separation when
the rotational frequency of the disk reaches the
separation rotational frequency Rsu that is

20 represented by the intersection between the separation
straight line B for the contact force (e.g., Fcu) to
be screened and the axis for Fc = 0. If the value for
the intersection Rsu between the separation straight
line and the axis for Fc = 0 exceeds the maximum

25 allowable rotational frequency for the measuring
device, as in the example shown in FIG. 9, however,

the separation rotational frequency can be restricted



10! @Y10%& ()- 10 10 10F 3: 10% ()-!9s6' 10%& ()-3 410%& ()-3

210% ()-L! MRMWNFNOHA<j @ 10! ! &@ 109%HH&! () -

109& () -
109& () -
10!, "nmL0% & ()- 10 10 10 @109 ()-2 10%4& ()-!2 10%, & ()-
010%&' ()- Rt RSSTTTzX9] @10 10% & ()-S! ,40%\ & ()-S 10%& ()-y!
109\ & ()-y! VLS 109%\ & ()-z!|LS 109% () -z TGUUUW+W W X9. @ 10\
:S10% & ()-!.110% % & ()-Z . 1109 % & ()-Z |

6 1% 2 rfokdo 1 | I8 1090 e & €310 WYV YEYIVKSXYEH@ 10\ ©s1!!110%

| 9% 1098& ()-g! |

& ()-

10

15

20

25

10948 ()- ~10%4& ()- OsOOPAPPPI[ 9] @ 10! +f 100&' ()-! +f
@109%4& ()- ' :109%4& ()-! 109 ()-! 109 ()- PQMORR RRRUj @

mounting height for the proper ZH, as mentioned
before. Thus, screening can be achieved by rejecting
those magnetic heads which undergo no separation

with the separation rotational frequency that is
represented by the intersection between the axis of
abscissa, indicative of the properly lowered ZH, and
the separation straight line.

This invention is not limited directly to the
embodiment described above, and in carrying out the
invention, its components may be modified and embodied
without departing from the scope or spirit of the
invention. Further, various inventions may be made
by suitably combining a plurality of components
described in connection with the foregoing embodiment.
For example, some of the components according to
the above-described embodiment may be omitted.
Furthermore, components of different embodiments may
be combined as required.

For example, the set value of the ZH and the
range of variation of the rotational frequency may be
combined in any manner, depending on the allowable
rotational frequency range for the measuring device,
the range of the contact force to be measured, etc.
Alternatively, the contact force may be measured
with only the ZH or the rotational frequency varied.

For example, the measurement may be made with only the

10944& ()-!sT 109&HsH& ()-!i T
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ZH varied without changing the rotational frequency.

If the device used cannot accept continuous change of
the ZH, it is necessary only that the rotational
frequency alone be changed with the ZH fixed at a

5 certain wvalue.
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5 preparing a head gimbal assembly having a
suspension and a magnetic head supported on a distal
end portion of the suspension by a gimbals spring;

rotating an inspection disk with a proximal
end portion of the suspension supported at a given
10 mounting height for a surface of the inspection disk
and with the magnetic head in contact with the surface
of the inspection disk; and
detecting separation of the magnetic‘head from
the surface of the inspection disk with the rotational
15 frequency of the inspection disk increased to a given
value, thereby screening the magnetic head based on
the performance of the separation.
2. The method of screening a contact recording
type magnetic head according to claim 1, wherein
20 magnetic heads having scarce contact forces are
screened by rejecting those heads which undergo
separation with a separation rotational frequency
determined by a minimum contact force value to be
screened, a disk rotational frequency of a magnetic
25 disk drive, and the dependency of the contact force
on the rotational frequency of the disk, or lower

rotational frequencies.
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5 no separation with a separation rotational frequency
determined by a maximum contact force value to be
screened, a disk rotational frequency of a magnetic
disk drive, and the dependency of the contact force
on the rotational frequency of the disk, or higher
10 rotational frequencies.
4. The method of screening a contact recording
type magnetic head according to any one of claims 1
to 3, wherein the detecting separation of the magnetic
head includes detecting reproducing signal from the
15 magnetic head, and detecting the separation in
accordance with change of the half-width of the
reproducing signal.
5. The method of screening a contact recording
type magnetic head according to any one of claims 1
20 to 3, wherein the detecting separation of the magnetic
head includes detecting reproducing signal from the
magnetic head, and detecting the separation in
accordance with change of the intensity of the
reproducing signal.
25 6. The method of screening a contact recording

type magnetic head according to any one of claims 1

to 3, wherein the detecting separation of the magnetic
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from the proximal end portion of the suspension, and

detecting the separation in accordance with change of
the detected acoustic emission signal.
5 7. A method of measuring a contact force of
a contact recording type magnetic head, comprising:
preparing a head gimbal assembly having a
suspension and a magnetic head supported on a distal
end portion of the suspension by a gimbals spring;

10 rotating an inspection disk with a proximal
end portion of the suspension supported at a given
mounting height for a surface of the inspection disk
and with the magnetic head in contact with the surface
of the inspection disk;

15 changing at least one of the mounting height of
the suspension and the rotational frequency of the
inspection disk so as to separate the magnetic head
from the surface of the inspection disk;

detecting at least one of the mounting height of

20 the suspension and the rotational frequency of the
inspection disk, at which the magnetic head separates
from the surface of the inspection disk; and

converting the detected mounting height and/or
the rotational frequency of the inspection disk into

25 the contact force of the magnetic head, thereby
measuring the contact force.

8. The method of measuring a contact force of
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to claim 7, wherein the detecting separation of the

contact recording type magnetic head includes
gradually increasing the rotational frequency of the
5 inspection disk from a reference rotational frequency
with the mounting height above the inspection disk
adjusted to an optional value smaller than a reference
mounting height when the magnetic disk is rotated at
the reference rotational frequency with the magnetic
10 head mounted at the reference mounting height in a
magnetic disk drive.
9. The method of measuring a contact force of
a contact recording type magnetic head according to
claim 7 or 8, wherein the contact force of the contact
15 recording type magnetic head is obtained from a
previously obtained rotational frequency sensitivity,
which is indicative of a relation between the contact
force of the magnetic head having a given reference
rotational frequency and the rotational frequency of
20 the magnetic disk, the mounting height for the
separation of the magnetic head from the surface of
the inspection disk, and the rotational frequency of
the inspection disk.
10. The method of measuring a contact force of
25 a contact recording type magnetic head according to
claim 7 or 8, wherein the detecting separation of the

magnetic head includes detecting reproducing signal
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from the magnetic head, and detecting the separation
in accordance with change of the half-width of the
reproducing signal.
11. . The method of measuring a contact force of
5 a contact recording type magnetic head according to
claim 7 or 8, wherein the detecting separation of the
magnetic head includes detecting reproducing signal
from the magnetic head, and detecting the separation
in accordance with change of the intensity of the
10 reproducing signal.
12. The method of measuring a contact force of
a contact recording type magnetic head according to
claim 7 or 8, wherein the detecting separation of the
magnetic head includes detecting an acoustic emission
15 signal from the proximal end portion of the
suspension, and detecting the separation in accordance

with change of the detected acoustic emission signal.



