; ~e3gpl TN6T BACKGROUND OF THE | NVENTI ON The present invention relates to a
" magri€tic head 5 measuring apparatus for measuring a magnetic headm‘\m\\M

magnetic forc i (MFM) is often used in inspecti nmmmﬂﬁ

head. For exa‘m“ﬁmﬂ\mm\mml | ow ng i nspection nethod used in

magneti c head Wwa g{o¥pspection process is known. That 10 is, wt#5%
plurality of t hi n" m magneti ¢ heads forned on a wafer, a groove is forned
in a surface on which a medium and t he Thead gap of each thin-filmnmagnetic
head are in contact with each other. A probe of the MFMis inserted into
this groove to inspect the 15 shape _of the head gap surface and the

el ect romagneti c conversion chargégéﬁiQFiEHgflyﬁg TRON-fi | m magneti ¢ head.

The MFMis a kind of a_scannin grobe m Crosco and_is_an apparat us
ﬁ%g% g
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cantilever and has aAnﬁsgﬁetﬁa!fb%éenﬁmegogeeggenﬁfmﬁeaﬁr6&@@9 f¥elhe mass

of the MFM probe and 5 the sprint constant of the cantilever. Accordingly,

i n MFM neasur enght snkpedt DG MBI magdeti s eEpaAsesFat Ekefpeaci eaehi gher than
thi s nmechani cal resonance frequency (generally a fewtens of kHz to a few
hundred kHz) capsdDlowengessspedtionthetrageusbar ént BetAnrespanse is
measured by applyi ng sinusoidal wave. In the above inspection nethod, the
MFM neasur enentmagneeitohead whiée appbgchijom proaessdak knghnt r efhency
electric current to the recording head. However, no desired response can be
obt ai nedl®rom t he, 181 pkagupbdraEM i ghathonr fylmonagpesbovbeadsitation a

hi gh-frequency conponent is contained in a DC signal. Al so, the DC
conponent of thEorBaduPRd2 MEREST gnal 9EBAYEI 8 EBRPEEbERi BnSRESATEatPOr S

other than the head, e.qg.,.an MFM |jnteraction caused .DC_20 magnetic
Tiord goo ot equrien Sideailn Madn bRt chashL S erats Sork” rBastrCrmnt
conditions like this,.the distribution_pof g trgg nag&gtgg Liel ﬁen rated
fromthe nagnet?igﬂﬁahcp%ﬁﬁgtaﬁﬁ ﬁ%agﬂ?gﬁ? | A6t hEF “RoP 8T st r ' RBGnet i ¢
head inspection, ks, giffigull RRs@PtQSrEREH’tEHEtQ§689E?t !Tngggkt the
measur enents, neasuréenent val ués vary owng to trp variations €n e MFM

r, -3 1Pr0bessﬁ£§%C89”ERQ ﬁé9d58§§0§g§f§c89§ﬁar%HE”Bl&éEESﬁa&ﬁé¥i ven for

t he sane magnetic ad as a sanpleée e neasured). One reason’is that the

condi tions (e-_Qonvéh@iéﬁaéﬁarébtékibtQ&n6§Sthéndhiﬁntamhnﬁhﬁﬁéfi@f 5 a
magnetic material at the tip of the MFM probe nore or | ess change from one

probe to anot hehea&t her reasons are variations in an optical system
alignment for measuring the deflection of the cantil ever supporting the MM
probe, and detecti onTeendFMi ist ¢ kOndapifaki ersnvdngeprbpeamdicikbecepee in
refl ectance between thin netal filns adhered to the back surface of the
cantilever and (8B¥I r eandnishenopppenrtygsvbiarhl dghreks. a dynamic

20 interaction between a pointed probe (MFM probe) which
is a magnetic material, or a nonmagnetic material to
which a magnetic material is adhered, and a magnetic
field generated from a sample to be measured. The
resolution is as very high as several tens of nm,

25 although it depends upon the measurement method and
the probe shape. Therefore, this MFM is very

effective in magnetic characteristic evaluation on



yWien the foregoing facts are taken into 15 consideration, it is necessary
to conpensate for the influence of tip variations in the process of
i nspecting a | arge anount of nagnetic heads. However, the above-nentioned
references do not describe any nethod of solving this problem 20 As
descri bed above, the conventional nethods have the problens that no true
hi gh-frequency nagnetic field can be neasuEed, and t he obtai ned neasurenent
dat a have neasurenment variations caused by“tip variations. 25 Al so,
el ectromagneti c conversi on neasurenent for a magnetic head is
conventionally perfaormed using, e.g., a spin stand. This nmeasurenment nust
be T _ q _ pefMORdSIoR 598 magnetic head in the form of HGA (Head

G nbal s Assenbly). That i si.nce magneti c hea i ncl.udi def ective ones
are neasured in the M HERC Hggﬁuap@rgﬁﬂi}y e 4 N¢hlimitedly.
5 Fromthe fore Oiﬁ%’ t he re;entati%g &f a nggﬁggic head i nspection

t echnol ogy t hat “@anefeducd SUFEME 25 & LT 8ed 157 3 SFar i at i ons
and which can i e the yi.el d.i jred. In._t ntj a tic
recor di ng- head gge%g%gcgég%Fgrﬂéh%gdﬁgggﬁgega%f g&hggﬁ%§ﬁgpﬁ%§§£§%g§hring
device isg €.0. tp@n sg'}g&lﬁt lob@ sh¥Rg to?! '%fnf' loIngad vand h%%c%ﬂ@%g‘ié},c gap
that generates a recOrding nagnetic fie d corresponding to a signal current
applied to a coijh e nERGHenentead nTRagyrinad 4R\WGE raRpldieslata

hi gh-frequency signal current to (the coil) of a head as a sanple, and
measur es the di Firkigiehicorsoh igheaghean thiiel thegdReriaiaad resomaike magnetic
gap. One practical neasurenent nethod is to detect the phase or deflection
(dynami c i nt er adtrieomuenheyul (geng raQ 1ir amfawheathsmagnétize tio @ dewof a
cantilever vibrating and, on the basis of this detection result, measure
the force gradi bundged &Hee sennog bet weasuried pmolideancdsehehseaepltde | n
this nmethod, neasurenent is performed using the relationship that the phase
of the 2%0cant i F@pponggpicx meastrech®yr appe Yghadisdmusaidatthaagef.| ecti on of

the cantil ever approxi mates the faorce. This nmeasurenment nethod has w de
variations. r , - 5D fE5e SPQVR dnsReqhigs @etdody the MEASuring t he

i gahert f di heads with .th tic for, i,
%;E"SL ?rgl 1 gégfP‘Jﬁ%‘%p%r@&je%‘f;fis:%ﬁg%%ﬁ:ﬁw&:ése e%‘&»ﬂ&ﬁgigc%%g%%fl%?séipe |
rc : " - referre ) i or_ar erei er
di scl oses a_teg ﬁﬁéﬁg§ﬁﬁ§8 < p%ﬂF%%rgﬁ §H§FF%%d%pn%éﬁI§F§8H9%§% iq?%gurrent

to a magnetic r%%%gg; ﬂgaﬁeéfi‘}e'&mr‘é@%% ts*%egg%gg'eato'b%i%%q‘f%w the the

resonance frequency o cantilever, "there detecting the resonance
frequencysconpopeakuekd MeMighilyeahi 8wihg thoktR) aBbvicha iGarbitli@ner
vibrating. This technique inproves the Sensitivity by using the Q val ue of
the nmechani cal gesgganREehieadyneyn@oneht danidontwdhedlinAlas®c Hiroyuki
Chnori, "Techni ques of Eval uating and Anal yzi ng Recordi ng and Reproduction
Heads", SONY COBRgnalour Adlsopf thepdc Appipoednihgifettihes msacueteyd M . 23,
No. 12, 1999, pp. 2111-2117 (to be referred to as prior art 2 hereinafter)
di scl oses a teclhignad 2zonwhiivls sppltirddud ileing frbme faertoy ssiothes ddlanvave t o
a magnetic recordin%-head and nmeasures the DC conponent of the phase change
(force gradi ent ¥hef hepe,candi- I eddr MFMe dpiterag tiioemcausegndyi @ PCel d
generated around the head. 25 In prior art 1, however, the defl ection of
the cant fPever MeIREtdct £dedd FeyREEteS ifarq SheehGesl ™pgdedisr ®0lthe

vibration ampl i {yde of, the Ca0LLIEYS" conaitions 1ike this, the

distribution of a true magnetic field generated from
the magnetic head cannot be measured. In other words,
strict magnetic head inspection is difficult to
25 perform.
Furthermore, in MFM measurements, measurement

values vary owing to tip variations when the MFM



¥

- 6 is not constant during probe scanning. In the case of the neasurenent
whi ch detects dynam c deflection of the cantilever such as the neasurenent
in prior art 1, detected interaction on the probe depends on the 5

cantil ever anplitude, probe-sanple distance, nmagnetic field and so on.
Therefore, cantilever anplitude and probe-sanple di stance need to be
constant during probe scanning, since magnetic field decays non-linearly.
So an inmmge reflecting a magnetic field cannot be 10 neasured. In addition,
the sensitivity is inproved by using the Q value of the nechani cal
resonance frequency of the cantilever. However, a high Q value may produce
a response deIaPrPéeé akgngbapgefnd 1RafiPeeFaFeS1BeATUERBCBtn ¥R IHRRd, prior

art 2 neasures the DC conponent of the phase,chan force gradient) of the
ua ¢ b

cantil ever, resHPFVnSVFPgEPQ §nEelE FPEPE é@ngﬁgge SaPo&ﬁ&p ethd.e

However, this DC conponent contains contrigugi s ot her. . t.han Rhe

hi gh- f r equency Eﬁﬁﬁgﬁsaﬁf 2BNE0 T ERECBLE Si KB4 gﬁ& CORGH-PES St § - anal yze.

I n either nethogRSEEggggqu§9&yﬁggﬁ%?gggneghgiLégkgﬁggﬁ%ﬁgéﬁdo%ronla

magneti c recordi s ont order, er than the

cantileveg mechanycahete30RaRee heqLehRpy WLCBIShE! Mrieh LR fBrkesponse
he gp ope. This

speed of scanni robe m crosc makes It difficult to extract

only a high-fregyengysr eaRAREE 286 BRASBIELENtDd LABRARTE abthkgh
sensitivity ~ and high resolution. Fromthe foregoing, the

presentation of ra;eBEEeLe kaEaRUiBEshead aREaptierentyseehniaqugnaepabl e of
nmeasuri ng a hi gh-speed response at high sensitivity 5 and high resolution

is desired. BRI EbrSkivARYi®h thHe LNYENELONnAecotdienglantiilteviex an obj ect of
the present invention to provide a magnetic head measuring apparat us
capabl e of neassuppgraihigghheptiét pespensentl dat elitglons sesistiitiiviigyand hi gh
resol ution, and a nagnetic head neasuring nethod. According to one aspect
of the pil@sent avdations chased bypeodiddgraneggist reflesdamegsuring
apparat us between thin metal films adhered to the back surface
of the cantilever and required in the optical system
alignment.
When the foregoing facts are taken into
15 consideration, it is necessary to compensate for the
influence of tip variations in the process of
inspecting a large amount of magnetic heads. However,
the above-mentioned references do not describe any
method of solving this problem.
20 As described above, the conventional methods have
the problems that no true high-frequency magnetic
field can be measured, and the obtained measurement
data have measurement variations caused by tip
variations.
25 Also, electromagnetic conversion measurement for

a magnetic head is conventionally performed using,

e.g., a spin stand. This measurement must be



for neasuring a magnetic head, conprising a 15 calibrating nmagnetic field
generating source which causes the magnetic head to generate a magnetic
field having a constant strength and frequency an electric current applying
devi ce which applies an anplitude-nodul ated el ectric current whose
anplitude 20 is nodul ated by a specified carrier wave frequency and

nodul ation frequency, to the magnetic head, fromwhich the magnetic field is
generated by the calibrating magnetic fTel d generating sources and a
magneti ¢ head neasuring devi ce which neasures a high-frequency 25 magnetic
field generated fromthe magneti c head by application of the
anplitude-nDduIQﬁééoéméétVﬁghc&rPéHPeFﬂGnP@ﬁé dredtye £ogly PéntiGippl yi ng

devi ce. _ g _ Accordin 0 anot her, aspect of the present invention, there
is provided a netRéd Sﬂmgﬁéﬁe@FFﬁ&g&y gngkﬁ$ Héad S10G&pMegnEG Set ting t he

ti c head; | ecti, , | ysis . it f whi ch th tic head 5 i
Lo be i nspect edhea@s 7 UPd Meh SETEGHE e ORERd °4f TAEITGHe-Nodheat od
electric current whose amplitude ;s modul.ated by ;3 3pec! “u%‘ili%%rtreidtﬁl&(.""ave
n g g

frequency and n58EWaPio fequency; “measuring, 1 n accordance wth

sel ected_ gnal ysi s | 4R NETGNRA At xk0 MU R (e o

anpl i tude-nodul ated el'ectric current 1I's ap y using a high-frequency

magnetic force gl GhgReeRe: hakdl Yaspectidnealnablbgydahatr andideeshdey the
measur enent, of the nagnetic head; and determ ning success or failure of

the magnetic headagnrehenRavasidtiohst kaueed bt itap resulattiohscamnd ng to
still another aspect of the present invention, there is provided a nagnetic
recordi ng- head whashr cag appabaieushleolyirdasdisi kigsd reaigneti ¢ recor di ng- head,
conprising an electric current 20 applying device which applies to the
magneti c recordi ng- h@ad the aeanttiodg- mocagtedd celrectorndi rgriresrt ashose
anplitude is nodul ated by a specified carrier wave frequency and nodul ation
frequency0 a canat shapde to We tlkeasuredbdyhavimagng tiwgheeidc megisariialg i s 25
attached; a vibrator which applies a vibration with specified vibration
anpl i tude to t h8e¥aRei iéver; Jand 38 ABEYGLLNE FaWPec&hifi-dh Lo iedide sng
dynam c interaction . Whi ch magnetic field generated in the
magneti c record#ﬁﬁ-ﬁe&&gﬁ%taﬁpﬂpgaﬁgéﬁ neratetpld FEFEIIIRe FesRediEetric
current fromthe.el.ectric current applying neans, exerts _on.t.ne Rprobe
Vibrating 5 wheiBLA GRIEEPRECIPGDGT & SdghAdd 5 THbTe PR S d¥han c
interaction by th gnet i : ibrati I .t he falls

wi thin a range %r%ﬁgg'suﬁbgc@agkggﬁg égggng%%nggggF%é?%%héﬁﬁgggspoint at

whi ch the spr obe dags et diepiaCts Wil Ui raRgNeld o hieeldbiany of0 | onger

According to still another” aspéct of the present invention, there is
provi ded a net hgdnhehdnBasur isRepd efBGnet e als@e@isdithe- Baad.r iGRLNS 0T

applying to the nagnetic recordi ng-head an anplitude-nodul ated 15 el ectric
current whose aaphiagneéeiics fiiedd afeeérbyedl from the magnetic gap.
One practical measurement method is to detect
the phase or deflection (dynamic interaction resulting
20 from a head magnetic field) of a cantilever vibrating
and, on the basis of this detection result, measure
the force gradient or force acting between the probe
and the sample. 1In this method, measurement is
performed using the relationship that the phase of the
25 cantilever approximates the force gradient and the

deflection of the cantilever approximates the force.

This measurement method has wide variations.



specified carrier wave frequency and nodul ati on frequency; applying a
vibration with specified vibration anplitude to a cantilever to which a
probe having a magnetic material is attached and neasuring 20 a dynamc
interaction which a nmagnetic field generated in the magnetic recordi ng- head
by application of the anplitude-nodul ated electric current exerts on the
probe which vibrates together with the gangilever, wherein while the probe
is scanned to nmeasure the 25 dynamic interdction by the magnetic field, a
vi bration range of the probe falls wthin a range froma surface of the
magneti c recordin%;head Ho a_point at which the 0 robe does not

! J

1, g 1 .
interact with t FOINEFIBPLE f Fel &K% Fokfer! -addtigasat s and
advantages of the invention wll be set forth in the description which 5
fol Tows. and i nSQgFPaRH TBEPERTCOGE FESRRHE UOSA DI B my be
| ear ned by practijc f, & invention.. The object. nd_advant ages of the
i nvention may b%ana egﬁ’ilfeg%gﬁ: g‘gtclé:;%%ggpﬁy’négﬁsglo alt %é“s%ﬁs “orentA i ti es

and conbination%ﬁga%t%ég#ﬁéb%sk&F%gs?&%qt%q% h%&ﬂingute®b.8@ EE%EFECR|PT|CN

OF THE SEVERAL _ he “accorpanyi'ng “dr awi'ngs, are
i ncor porated ina3@ CcEpst hiwse 13 1RANY Ohdl e R8T 't%at&"soﬁ’grilg’:rl gﬁitr gte

enbodi ments of the i'nvention, and together 15 with the ge | description
gi ven above andnihe ig@tfaiehed ddesdbisRls @n tefcHneneiedidie Ry 19ieseanbel ow,

serve to explain the principles of the invention. FIG 1 is a block diagram
showi ng t he nmai ampadAkdern®dofl at eda@leldte ilte ath reasution g aRR@eatids 20
according to the first to fourth enbodi nents of the present invention FIG
2 is a view showeergriiagaheanyemenmadichielse tinegmetdud altdach feesmrenay to
apparatus in nore detail; FIG 3 is a view for explaining a case in which
25 a cal i br at i nfheagesonaniciee fof egrieacat iofy theuceatiid emeranridlesrebyonduct or ;
FIG 4 is a view show ng a_configuration for T - 11 acquiring an NMsSM
i mage i nl8nal ysidetgsd iagalthst resoppnce frequency component of the
deflection (or force) of the cantilever vibrating.
This technique improves the sensitivity by using the Q
value of the mechanical resonance frequency of the
cantilever.
15 Also, Hiroyuki Ohmori, "Techniques of Evaluating
and Analyzing Recording and Reproduction Heads", SONY
CORP., Journal of Japan Applied Magnetics Society,
Vol. 23, No. 12, 1999, pp. 2111-2117 (to be referred
to as prior art 2 hereinafter) discloses a technique
20 which applies a high-frequency sinusoidal wave to
a magnetic recording-head and measures the DC
component of the phase change (force gradient) of the
cantilever, resulting from a magnetic field generated
around the head.
25 In prior art 1, however, the deflection of the

cantilever is detected as magnetic field strength.

Therefore, the vibration amplitude of the cantilever



a certain analysis item FIGS. 5A and 5B are views show ng a

t wo-'di nensi onal image of a high-frequency magnetic 5 field when a magnetic
head is viewed fromthe above, and a line profile of the image; FIG 6 is a
flow chart for explaining a nmagnetic head inspection nethod according to
the first enmbodi nent of the present invention; 10 FIG 7 is a flow chart
for explaining a nmagnetic head inspection getbod according to the second
enbodi ment of the present invention; FIG is a flow chart for explaining
a magneti c head inspection nethod according to the third 15 enbodi nent of
the present invention; FIG 9 is a flowchart for explaining a nmagnetic
head i nspecti onifefRéd CRESSARIENGUES O TPEG SIF2BREET  me At 5%etﬁ@5§r§§ént
invention; FIG 10 is a block diagramshowing the 20 arrangenent of a
magnetic recordit S-Wgééuﬁ§E§EFiH%qﬁgvP@$e§5§opﬁpﬁﬂ“fb%ﬁﬁg4% &tbodi nent
of the present E venti%ni ELG |1.is at%ieM/for ex I%inin t.he condi,tions
of a cantilever fRE FiFWﬁreﬁHS&iﬁgnt,ezgeﬁP&Fe Ots 1§ E&ﬁrbﬁﬁ?i3for
expl ai ning a ”E%%‘ﬂ%%%gﬁt i?{%telilggfgfont g %.r%%%o%fﬁg%%td’s rCenel3A to 13C
are graphs showng a Torce - gradient "I mage asurenent” exanpl e of

the fifthsenbodiapey 1 ELCSanbdAtifel453EE-GorRhe HaWanged TalkSrmge

nmeasur enent exanpl e . th enbodiment; and 5 FIG 15'is Vi ew
showi ng the rel ataasiihg ket waen TR rg#driR0Sichn®n 1aRe a1l wefe ansanpl e

in the neasurenent exanples of the fifth enbodi ment. DETAILED DESCRI PTI ON
OF THE | NVENTI O¥robe-sample distance need to be constant during probe
scanning, since magnetic field decays non-linearly.
So an image reflecting a magnetic field cannot be

10 measured. In addition, the sensitivity is improved by
using the Q value of the mechanical resonance
frequency of the cantilever. However, a high Q value
may produce a response delay in a change of the
cantilever.

15 On the other hand, prior art 2 measures the DC
component of the phase change (force gradient) of the
cantilever, resulting from a magnetic field generated
around a head. However, this DC component contains
contributions other than the high-frequency component,

20 so the obtained data is difficult to analyze.

In either method, the frequency of a magnetic
field generated from a magnetic recording-head is on
the MHz order, i.e., much higher than the cantilever
mechanical resonance frequency which determines the

25 response speed of the scanning probe microscope. This

makes it difficult to extract only a high-frequency

response and measure this response at high sensitivity



Enbodi ments of the present invention will be 10 descri bed below with
reference to the drawings. FIG 1 is a block diagram showing the main parts
of a magnetic head neasuring apparatus according to the first to fourth
enbodi ments of the present invention. 15 A magnetic head neasuring (or

i nspecting} apparatus 10 includes a nmagnetic head neasuring (or inspecting)
device 12 for neasuring (or inspecting)_a gagpetic head 11 as a sanple, an
i nt erchangeabl e nagnetic material probe 13 prepared 20 for the magnetic
head neasuring device 12, and a calibrating (or correcting) magnetic field
generating source 14 for calibrating neasurenent variations of the nagnetic
head 11. The ma§R&t PéIRedESPLUELOBupplied in the formof 25 a wafer of row

bar, d fixed b i xi j i f th tic h [ t 10.
A" ow bar™ 1S a'roctARBULES WeRESoHrgte WO KRR A OF G & 18 - 13
dint i [ i.c ;head _f icati ; L
agnet ¢ head 102885 AFsb S6E REAG. B0 RerRELPBFACor SRR Shho CREGRAE: ¢ head
ic head 11°8 “BeTedsured G Hfie “REGHe
(T VPN “as oneoForreairang. 2o h o8- APep e I aPOk AT ki SRP G P hce”

froma cognon NENhiﬁiPﬁaEeéoﬁE%QBﬁnﬁﬁ wesRerse higher than the nmechanical
i

resonance frequency of a cantilever can be neasured. By the use 10 of~this

HF-MFM it is possible to pgrT@FMsiRRRye BNiTEEoMmesRandNg to a true
hi gh-frequency magnetic field and accurately inspect a nmagnetic head. Note

t hat the HF- MFM can becoeiddhiqust ed tudisngnt etiratogifeshd $Hezet in R
Proksch and P. Neilson, S. Austvold and 15 J.J. Schm dt, Applied Physics
Letters 74 (1999nhve808RoaDitgi pabvidet aumaghetetr. halad) measdrilng. Pat ent
Application No. 09/811,771. The magnetic head measuring device 12 can apply
an anpl it ude- nodpbatretiusl eeprbdecofr aresuy inge a2b ighgwpeied esponte It s
of course also possible to apply other signals than this

anpl i t udéOnodul atebighesenisé taviitenandThd dhngrecileitieoad mdgsari ng device 12
can al so save and anal yze data obtai ned by neasuring the characteristics of
the magnetic heEég§2F1§5h?édn@§§§Pé1PHemﬁ§&ﬁ§bic head 11 at high

mat or gl probo that RECOTCLTH T MG ARRE Grmed (° G S et
terial to whi .G, s ial h : [ I
magnet | ¢ mt ori ShogFoRs PCyACReca PaopriliBeRf pbiedInS ARPRRER |

performed as neededme3sibgnhnhehGRARYERONE AEBIRRHEE 1H8Y laal probe 13

15 calibrating magnetic field generating source which
causes the magnetic head to generate a magnetic field
having a constant strength and frequency; an electric
current applying device which applies an
amplitude-modulated electric current whose amplitude

20 is modulated by a specified carrier wave frequency and
modulation frequency, to the magnetic head from which
the magnetic field is generated by the calibrating
magnetic field generating source; and a magnetic head
measuring device which measures a high-frequency

25 magnetic field generated from the magnetic head by
application of the amplitude-modulated electric

current from the electric current applying device.



can be used in replacenent either manually or automatically. Although this
i nt erchangeabl e magnetic material probe 13 can be saved in the magnetic
head nmeasuring apparatus 10, it can also be supplied and 10 used in

repl acenent where necessary, wthout being saved. The calibrating nagnetic
field generating source 14 causes the magnetic head 11 to generate a
magnetic field having a constant strength @nd 15 frequency. This
calibrating nmagnetic field generating sourte 14 can take any formas |ong
as a uniformmagnetic field can be generated. However, flatness that can be
measured by the MFMis necessary, and_the scanning range is limted (e.g.
50 a msquare or 20 %Fdlmet@alapﬁﬁﬁrn&swﬁeﬂgfc thesIRF e§éidr at i ng sour ce

14 can apply either an alternate.current or dire current to the magnetic
nead 11 Fr om t REVEREABRat G tRadfePFCRLE D SgBRENSEl G SOGPEETIRY Bhe

itud f [, ic field, di h |j ed
mant e of an SR, RO 6oLl 6gr seahond ol 2ahe spaled
generating Sour gg) gL, Aqher 86A1 ksl IR N 5y AAYCHRORE! haBBAYe yoal®

formed on gener subs es such~a on’nitride.

large elegtric EBE;‘Sr‘bgi gnghleewe&;t 95@’:—18’3’“ hiQugh ot P@gﬁ%%g%t G alhead

measuri ng device an e calibr gnetic enerating source

14, signal 'inegmgQtheebmaahlaﬂed BeReeritheuetenentindersiahpi0hkuar
el ectric current to he applied is desirably 10-8 Alcn? or leSs. FIG 2 is a

vi ew showi ng t hgsambangereat bgf at Bpetd rivdnebire i BeadaReageiqi@nagpandt us 10
in nore detail. In addition to the interchangeabl e magnetic material probe
13 and the cal i hoauilagioagfetigoehicgl; dmgasatrahigng inouvkcece rdnckeheritagnet i ¢
head neasuring apparatus 10 includes a probe 101, a cantilever 102, 15 a

pi ezoel ectri c ekbreseleo8edsiprdlysgendtatmer $heOtagne tlies headc dror ehtichal ue
monitor 107, a scannin?_piezoelectric el ement 108, a defl ection detector
109, a phfse sebbet pppldétdernpduleted syrehrdsocyrgentcisr appliiedn
anpl i tude/ DC vol t age converter %RNB—DC 20 circuit) 112, and a feedback
circuit 113, asb¥h8sdpfisgi highr TEPEHEREY BRINRE FadRECE: THEXQSPORSIr i ng
device 12. The nagneth head nea uring apparatug 1Q alsg in%Iudes a
conputer 114. TRBEHYEHBI16RD EVERUALLBACAAN§eaBPE 2 RRCHPEhERSS that is made
O amgneli ¢ RbeCh2nhe TRORCLhECHaBKAI0HY, 2 FRYAR LG TRIRY ! TO @

success or failure of the magnetic head on the basis
15 of the evaluation result.

According to still another aspect of the present
invention, there is provided a magnetic recording-head
measuring apparatus for measuring a magnetic
recording-head, comprising an electric current

20 applying device which applies to the magnetic
recording-head an amplitude-modulated electric current
whose amplitude is modulated by a specified carrier
wave frequency and modulation frequency; a cantilever
to which a probe having a magnetic material is

25 attached; a vibrator which applies a vibration with
specified vibration amplitude to the cantilever; and a

measuring device which measures a dynamic interaction



The cantil ever 102 supports the probe 101. The piezoelectric el ement 103
for 'supporting the cantilever 102 is attached to the side of the cantilever
102 away fromthe side to which the 5 probe 101 is attached. This
pi ezoel ectric el enment 103 applies a vibration to the probe 101 and the
cantil ever 102. The signal generator 104 applies a signal (resonance
frequency: wr) to the piezoelectric 10 elﬁnent 103. The signal generator
106 includes an AM si gnal generator for generating an anplitude-nodul at ed
el ectric current whose anplitude is nodul ated by a carrier wave frequency w
c and a nodul ation 15 frequency w m.  a DC signal generator for generating a
direct current, WAdghaaspgaaetdendiglsr Ieoergéssr dti fdeamagnedtiS ¢ current
which is the sumof a direct current and alter&a% current. This signal

e

generator 106 apfrPE&SiRN~BLEC: PYc 2PRILERELLY P magnetic head 11 to
generate a magneti al.ue monitor 107 asur.es_the

field. Th
electric curren?mpﬁ&ﬁpﬁﬁ—PHEHEG%%Equkﬁ et CUREEE T F oM ENS glfkiahg1C
! Lectrielnl A - t o S elati -
bt “the probe. 10703885 SPRA TR ER o SAE T 1T Chnerdepirbl SHmiEeal¥: ' 100
detects t?e def | 8etiQR & itlléegiﬁgpg'rlo%\éeriglg%'anneld tol healiGePRRRE Sensitive

detector 110 outpufs a phase rence (phase shift) between an out put

fromthe signal ygengkat 9htE04c218n2ByO%hRUhakhePilhe dald, eqt kap detiest o
109. 5 The synchronous detector 111 detects a conponent synchronized with

t he nodul ation eapgenedt tak pPhepbaMrailgrakyigener at @andes driched aRevRcef rom
an out put signal fromthe phase sensitive detector 110. The anplitude/ DC
vol tage converterf tR¥SmBGnetic recording-head to a point at which the
probe does not interact with the magnetic field any
10 longer.
According to still another aspect of the present
invention, there is provided a method of measuring a
magnetic recording-head, comprising applying to the
magnetic recording-head an amplitude-modulated
15 electric current whose amplitude is modulated by a
specified carrier wave frequency and modulation
frequency; applying a vibration with specified
vibration amplitude to a cantilever to which a probe
having a magnetic material is attached; and measuring
20 a dynamic interaction which a magnetic field generated
in the magnetic recording-head by application of the
amplitude-modulated electric current exerts on the
probe which vibrates together with the cantilever,
wherein while the probe is scanned to measure the
25 dynamic interaction by the magnetic field, a vibration
range of the probe falls within a range from a surface

of the magnetic recording-head to a point at which the



10 circuit) 112 outputs an effective value (root nean square) of an out put
fromthe deflection detector 109. The feedback circuit 113 controls the
scanni ng pi ezoelectric elenment 108 such that the output fromthe
anpl i tude/ DC vol tage converter 112 is equal to 15 a preset value (i.e., the
probe-to-sanpl e distance is constant). The conputer 114 records and saves

i nformation of the high-frequency magnetig,field obtained fromthe output
fromthe synchronous detector 111 and 20 information of the surface shape
obtained fromthe output fromthe feedback circuit 113, thereby controlling

can al S0 sel et DaNaFyaPES, paha i AREEATs J3ERRRBCHAPRRELS sl g 0R0P o 1

correspondi ng t kD& S sel ected analysis itens or determ ne success or
failure of the nag etic head 11. Magnetic head neasurenent by the nagnetic

head - 18 ”Easur'RQdQEE?ﬁQ&UBb}Qcﬁgoﬁﬂd'Qd@hﬁ%aéebso?a%hﬁa"y perfor med

fol l ow ng the procedure be Fifst, an electric Current whose anplitude
i s modul at ed (byn§8§t9@ﬁrwsI1WBéeséfega§BﬁylﬂlehéneegeelétHBHUhainn

wavel ength ~ n) is applied to the magnetic head 11. Wen the probe 101 is
approaches to thelregspt iedheadpdit Ribigbef bBGu6GEY fEBMCEhABgNEtic field
conponent generated by the magnetic head 11 is 10 converted into a

| ow f requency (destriptesactoonmapnpentaarhgdt hge prabeisanpEethat eracti on
By setting the resonance frequency wr and the nodul ati on frequency w m of
the cantil ever 10festipporti figet bejpcbbeandladvantageshefcohdition w m 15
cor, a conponent synchronized with the nodul ation frequency (w m contained
in a phase changevéphice BaYfbg éﬁaliéadeﬁ@? ehbhpgredf pEquears efi fhe T. R
Al brecht, P. Gutter, D. Horne, and D. gar, ;Journal of Applied Physics,
69 (1991) 668. )laﬁtQBmeah@iFEe%? 9PBrst%hnﬁélﬁﬁﬁsaﬁéalﬁﬁiﬁélyhe anpl i t ude
of the cggtllever 102 IS heLd subs%gntlally constant at the nechani cal
resonance? f r equBRLYTeEuPYT PREGIBPEE.Tof the strength of the field, by

a.hi gh. reso ﬁf."?%ﬁ?ﬁ‘ Al Gt SR, e B0 P S %

described above, &Hgt?%ggg%éﬁﬁHﬁgf&ﬁEmﬁPéChn @Eﬁtbxffhﬁkgr%SQane

nmeasured by the appllca ogy ce t

cal i brating magpgt hfaf E6hdrgeneEaki pareoyECentopeepeRsRibAg for tip
variations is incor por ated into the appar atus, 5 measurenent vari ations can

be inproved. Fuiibgsfpsee éﬁBo@LﬁéthnBﬁn@th1ﬁ0@Me§§hQnaﬁHat§§behb§tlCS
can be nmeasured in the formof a row bar w thout using any spin stand, and

the yieltlscan breithptheedenét&l deksraptiew fovemxpbawvsi agdathase in which

10 the calibrating magnetic field generating source is an annul ar

conductor. A caflebaaledgdeagnéptioni eEdtgenembodhgenbar gévénabshown in FI G
3 is an annul ar conductor. Letting r denote the radius of the formed circle
and z denote theedvet kacexpiaint hbecenibeiples of the invention.

FIG. 1 is a block diagram showing the main
components of a magnetic head measuring apparatus
20 according to the first to fourth embodiments of the
present invention;
FIG. 2 is a view showing the arrangement of the
magnetic head measuring apparatus in more detail;
FIG. 3 is a view for explaining a case in which
25 a calibrating magnetic field generating source is
an annular conductor;

FIG. 4 is a view showing a configuration for



15 the circle to a point P, the strength of a nmagnetic field at this point
P when an electric current | flows through the conductor is H=1r2/{2(r2 +
z2)3/2) (AT/m) . Although FIG 3 illustrates the annular 20 calibrating
magnetic field generating source, it is of course also possible to use sone
ot her shape, e.g., a linear shape. FIG 4 is a view showi ng an exanple of a
configuration for acquiring an MsSM (NhgneHg{egjstive 25 Sensitive Mapping)

i mge in analysis and evaluation of a certain analysis item For MSM refer
to "Magnetoresistive Sensitive Mapping” (G A G bson and - 20 S. Shultz,
| EEE Trans. Magn. 28, 2310 (1992)%. As shown in FIG 4, while the signal
generator 104 | &°9PpFYPAgaR Yoihamagds the apRdySdise G eValERtAeM 63 a
direct current flow ng.through the.nagnetic 5 head 11 is extracted through
a differential gnﬁﬁFFgéP.aESgwﬁﬁﬁ 6F8@éssing is performed for this

extracted signal and siggnal _ {fr, e _signal rator 104 to acquire an
MSM i mage. As shown |E$1IE§IG§% %RdorS%? T:Lj(l't YY?LS I\ﬁh?ﬁ’}n}gl is 10 acquired in the
formof an inmag (o] FbBa154Ams £a 31 WO AlI-eRsh nalk, | f. a

hi gh-f requency ﬁngﬁgtﬁgagPéﬁﬁ whe%nk gwﬁaggepﬁgﬂhea%%P% 3#éw§§% Fgﬁlthe
above. FI'G 5B $haws gnkh"8 Raghele cOhehlll 3 st WaeHiclEREorNhel MBYGe, 15
<First Enbodi nent> A magnetic head inspection nethod according to the first

enbodi nent wi || zgbg gxgﬁggnﬁgogqh@wbwiQherqhgggqce to FIG 6. First, the
magneti c head 11 as a sanple is set in 20 the nagnetic head neasuring
apparatus 10 (step S¥QL)., 6ard an famal Yhaxt tfeh fexpluiinthd ke mamgieatiicc head
measuri ng device 12 inspects the nagnetic head 11 is selected (step S102).
As this anal ysi seatieinspettdphy meshiodakicoordfing ioglthier équency magneti c
field 25 distribution and | ocal high-frequency magnetic field strength, but
al so reconst rucemhgdéaenti afi he pregenitghnveagdondy | eakage magnetic field
and hori zont al - 21 _magnetic field conmponent and prediction of various
el ectromdfneti c conv@r@i-o% difaradtiom shagd fior gr@d@iedndid "a9r@tEic rary
item can be selgpted. Next, .an anplitude-nodyl ated electric current 5

, i
havi ng the carr PERIMAPEPEFLGQENEE &Pé ARGOTR o GlébﬁoﬁeFPQQuency cumis
applied to the magnet.i c _hea tep S103), .and a.hi gh-frequency nagnetic
ve AR en  Pa P BBt ABErEAohd ce. oy otope]

field is nmeasur f%r ce m croscope (step

S104). A surface shapgcan a_Llis%] hs 10 Cﬁg%%ﬁzurf%g- %E{S\r%l:né_ tealhgmadqneti

hi gh-frequency magnetic fiel n"thi s case, eneration

posi ti on cor respaadi igsEacthB,SHEEALE SBaBTATAN be 4Rl ihipd The data

obt ai ned by the neasurenent o e high-frequency magnetic field is

anal yzedignd 15eayaluated 6%t epeSHRakendnNdnsdetessn;or failure is determ ned
on the basis of the result (step S106). If the product has passed the

i nspection, acceptablrFeacar @dust aprfdces ihagt EoperekplaEc it ep idyhétid f the
product has failed the inspection, rejected product 20 processing is
perfornmed (steph8i@8)inspecslibn metibbkeaccordeng mat éhehdomeddur enment i s
checked (step S109). If the neasurenent is not to be term nated, the above
steps are repeacadodimentic ofeiber presenits ingebdicarn nated, this magnetic
head 25 inspection is termnated. In this first enbodi nent, a magnetic head
can be inspected bef §L& i AdorForatd®Gknidd 2t aRGRhOTHiIng

20 arrangement of a magnetic recording-head measuring
device according to the fifth embodiment of the
present invention;

FIG. 11 is a view for explaining the conditions
of a cantilever of the fifth embodiment;

25 FIG. 12 is a flow chart for explaining
a measurement method of the fifth embodiment;

FIGS. 13A to 13C are graphs showing a force



- 22 greatly inprove the HGA yield. <Second Enbodi nent> A magnetic head

i nspection nethod according to the second enbodi ment will be explai ned
below with 5 reference to FIG 7. This second enbodi ment incl udes
processing for obtaining characteristics, e.g., the shape and sensitivity
of a reproducing portion and a saturated nmagnetic field phenonenon, not
obtained in the first 10 enbodi nent (FLG 9) descri bed above. First, the
magneti c head 11 as a sanple is set in thé magneti ¢ head measuri ng
apparatus 10 (step S201), and an analysis itemfor which the magnetic head
measuring device lé,inspects t he nagnetig head 11 i% gg S L%g ed (step
S202). As this 9RafyeRt RafAf MEESYAFPEBS: FRATPLR B ﬁigﬁ- equency
magnetic field distribution and | ocal high-frequency magnetic field
strength, but a?@%ogé@Sﬂttructing cal cul ati ons of a high-frequency |eakage
megnetic field and harizontgh 29 gagnetic tiehd camponent aad-aredietlon of
vari ous el ectromagneti ¢ conversion characteristi Cs are “prepared, ~and an

arbitrary itemganshecneheckodn,BXbe BMeatkbhudapadytatedaphect ric

current having the carrier wave equency w ¢ and the 25 nodulation

frequencysw mis appkirgd 418 the;nggaqt gﬁoa@ﬁqhﬁﬁbeﬁeﬁa%bnsﬁag a

hi gh-frequency nagnetic field is neasured with a high-frequency nagnetic

force - 23 nbetweenpenésyep P384rioA sHaf peershapercansahpebenmeasured
as well as the high-frequency magnetic field. In this case, a magnetic

field generati obhposeasonemontespangdioeg 6 the siufthcembbdpmeasan be
confirnmed. 5 The data obtai ned by the neasurenent of the high-frequency
magnetic field is anal yZeRlrAmHcERVi2EICR BRI {GN epF SPHEB ) INVENDIOMhet her to
perform eval uation other than the neasurenent of the high-frequency
magnetic field i s chBukedipengps sfoshe poesenévanygntéanowhdd bean t he
measur enent of the high-frequency magnetic field is to be perforned, an
evaluatiBﬂ/anal9§F§rthﬁoHeﬂ§Ws§FEEtEafF§FEEeS§97f?eaﬁHaWHEg§valuation is

f d by th | d t hod t $S208) . | f th
23;|8;??on/§na|§s?§ %géﬁeﬂﬂga grngﬁgpﬁéﬁgﬁ%@ngﬁgagﬁgsﬁﬁﬁlV@gg BATkEgneti c

EERbepealall b e R T R
the first to fourth embodiments of the present
invention.

15 A magnetic head measuring (or inspecting)
apparatus 10 includes a magnetic head measuring
(or inspecting) device 12 for measuring (or
inspecting) a magnetic head 11 as a sample,
an interchangeable magnetic material probe 13 prepared
20 for the magnetic head measuring device 12, and
a calibrating (or correcting) magnetic field
generating source 14 for calibrating measurement
variations of the magnetic head 11.
The magnetic head 11 is supplied in the form of
25 a wafer of row bar, and fixed by a fixing jig of the

magnetic head measuring apparatus 10. A "row bar" is

a rectangular wafer piece obtained when a wafer is



a reproduci ng portion by Magnetoresistive Sensitive 20 Mapping (G A

G bson and S. Schultz I EEE Trans. Magn. 28, 2310 (1992)), and the analysis
of a saturation phenonenon of a recording portion. Next, success or failure
is determned on the basis of the analysis/evaluation result (step S209).
25 If the product has passed the inspection, acceptable product processing
is perfornmed (step S210); if the product %% failed the inspection,

rej ected product - 29 processing is perforned (step 5211). Finally,

whet her to term nate the neasurenent is checked (step S212). If the

measurenent is not to be term nated, the above steps are repeated; if the 5
nmeasurenent i s PEOFESEEAniRECed SLHASTnEghSt MeIRedd G Assecthiahyicgtion

term nated. This second enpodi nent has the effect of perfornm ng total

eval uation i ncl BICKESE -1 epi dﬂﬁgﬁétﬁga@eéﬁd%ﬂ'aéjﬁé’ti s?ah?ré‘ﬁ red in
characteristics,t in_10 additjiqQn to the effects obtained in the first

enbodi ment . <Thitt§ ERESAP ‘A magneti c head inspection nethod according

o tne third embodi e Widodia dleseld hed hel v Widh IS 1Eleranss Lo FI G

8. When neasurenents ‘are’r edl rrorme 0 speci fi'ed 1T hspection

results can be abtaimned..i i ; i ; | O @drd_ f .t.he MFM
g Q Eﬁ'gg ¢ el ?&’E?h ASHARGRS FAMJY gh%r%% e O(%fy'zgﬁlrﬂ tatﬁ

probe, e.g., deteridration o e resolution and a re e S/N

ratio of a measyremMeRtrSkdnal sching ngd@hr@HeokaldrdicopRr gigbMyENt i oned
i ncl udes physical rounding of the probe tip during neasurenents, peeling of

a magnetic fil maf Gamfarieheke fiaw Ag oo et ii¢ fthla® af tfaehe@dnand
unsuccessful nmagnetization of 25 a probe. In cases |like these, the VFM
probe nust be r eplspoadenhtiiyha rne&anneheByneichkinigatlhire somtatmozonsi der at i on,
the third enbodi ment includes a process - 25 of exchangi ng MFM pr obes.
First, whet her iftreicsiencyesgary cantridgivase cane ber otee sedt.ed Bon thiee ussgnet i ¢
head nmeasuring device 12 is checked (step S301). If replacenent is
necessar 0 5 t hefpitbde HE-MEY, adéd iGsPoFsePdR) Lonped form memissnegisindc enment
of the probe can be perfornmed either manually or automatically. Note al so
that a probe foCOr&SSROBAERE E&n 3Ry &d ghyy IMeausRGYe MedNeddd Fe&dring

apparat u i
PP s 10 Ora%%pgkkgga%% Qei%%%%%%a%ymagnetic head. ©Note that the

HF-MFM can be constructed using technologies disclosed
in R. Proksch and P. Neilson, S. Austvold and

15 J.J. Schmidt, Applied Physics Letters 74 (1999) 1308
(Digital Instruments et. al.), and U.S. Patent
Application No. 09/811,771.

The magnetic head measuring device 12 can apply

an amplitude-modulated electric current to the

20 magnetic head 11. It is of course also possible to
apply other signals than this amplitude-modulated
electric current. The magnetic head measuring device
12 can also save and analyze data obtained by
measuring the characteristics of the magnetic head 12.

25 To measure the magnetic head 11 at high
resolution, the magnetic head measuring device 12

incorporates a magnetic material probe that is



10 wi thout being saved. Next, the magnetic head 11 as a sanple is set in

t he 'magneti ¢ head neasuring apparatus 10 (step S303), and an analysis item
for which the magnetic head neasuring device 12 inspects the magnetic head
11 is 15 selected (step S304). As this analysis item not only estimation
of a high-frequency magnetic field distribution and |ocal high-frequency
magnetic field strength, but also recontﬁﬁcthg cal cul ations of a

hi gh-frequency | eakage magnetic field and~hHorizontal 20 rmagnetic field
conponent and prediction of various el ectromagnetic conversion
characteristics are Régggred and_an arbitrary itemcan be sel ect

: d.
Subsequent |y, af Bff emﬁBSEFQ%eHreFeEPPWégBG&anPaﬁS6Fﬁ FﬁewgéFPier

f ~ d, the 2 dul ati f M | i to th
mmonet| o head (3t BRSBSBAF MaR8PRoH Oh. ARBBGERCy MAgnAITEEFTEraere foasur ed
ith hi gh-f . ti 322 1 6). A
2era2e ;gaperggﬁggggégg Qﬁgggﬁggé%§gewéﬁlggsg%%éoﬁﬁg%gPéééggﬁgggnégnetic
field. In thi ' el [ b di t
the surface shapeogsn beobaaFEreny 15 HRe PP e el he neasur enent

of the high-frequency gagpekirehbingkdnie aRameted andeevaluaiethe(aep S307).
Al so, whether to perform eval uati on other than the neasurenent of the

hi gh-frequency paanpki gsktielid irsptheekedt(siene®3R8hual@yl breval uation

ot her than the neasurenent of the high-frequency nagnetic field is to be
performed, an evakuaktosaanglyshsthetghdthisseheetretapngbapl830aynetded t he
evaluation is perforned by the selected nethod (step S310). Exanples of the
eval uati on/ anal makerialnptrbbd aBechhebaeaawednent thrdmagakysics hekdmagnetic
head characteristics not obtained by the high-frequency magnetic field

al one, such as mhesneasdr eppatrabfist b8, shapeavr adgnsbei vbuppldedaandpr oduci ng
portion by Magnetoresistive Sensitive 20 Mapping (G A. G bson and S

Schul t z 1éEE Tr 8684 MAagReP2scepsny preye) necssgatie Hakhp¥itsbeing
saturation phenonengn of a recording portion. Next, success or failure is
det er mi ned on tﬁévﬁasis of the anal ysis/evaluation result (step S311). 25

If th d h d_the | i_on, I d [ [

perf ormbd (st ep S312 et CPRADBAOIG: TRALSF AT ¢4 LR SCRERETh, 1o ectod
d - 2 [ ' : i.nal h

Cerminat e 1 he nSatarEnai CPeoeRobRau LePeh Eahare 1 FReSenteataient i < not

Lo be termnated nihRerhave siaPRaRifar SPEALSHahE LhgeRgtRaSHREMENt is to

be term nated, this nmagnetic d inspection is termnated. This third
enbodi ment has theqatheet ofnhavoirdingrdet ey Ahahe@dcofrialpr ghaceawsad by

repetitive nmeasurenents, because probes can be exchanged, in 10 addition to
the ef fects obtabnedei n4t bansearadaagybddirnent. 1shouathaExhadomrmnt > A
magneti ¢ head inspection nmethod according to
magnetic field can be generated. However, flatness
that can be measured by the MFM is necessary, and
the scanning range is limited (e.g., 50 um sguare or
20 less). The calibrating magnetic field generating
source 14 can apply either an alternate current or
direct current to the magnetic head 11. From the
calibrating magnetic field generating source 14, the
magnitude of an actual magnetic field corresponding to
25 the applied electric current can be estimated.

Practical examples of the magnetic field generating

source are a microcoil, fine wire, and magnetic head



the fourth enbodinent will be described below with 15 reference to FIG 9.
When neasurenents are perfornmed whil e probes are exchanged as described in
the third enbodiment (FIG 8), experinental results before and after the
probes are exchanged are sonetines different (even 20 when a magnetic head
as a sanple to be nmeasured remains the sane). As a consequence, specified

i nspection cannot sonetimes be properly pg&fogned in a process of

i nspecting a | arge anount of nagnetic heads. One reason is that the
conditions (e. g., 25 the shape, filmthickness, and contam nation) of a
magnetic material at the tip of .the MEM praobe re or,.less chan from one
probe to anot hefrormed 58 gégﬁéﬁlr55?85§agﬁé FHERafSoRe 1 lgﬁ'oﬁgl al system
al i gnnent for neaﬁuring t@e. efl ection of the cantil ever supporting the MFM
probe, and vari ati-on8™ RHthé“Get ection sensitivity caused by a difference
in 5 reflectance bet t.hi tal Ll red tqit rface of
the cantil ever and r\ggﬁi%r elgr{&ﬁn?%%cgptliéggiu%g%g}te%sa%l&%%nqggf%&?ggf
variations are tipVaLkLatkons A Rovarisations, it

i S necessary 10%?%ngpi%?gtgEFﬁ%tggngF}PVﬁggggggﬁﬁgd%?égg g%d%%grnalize t he
obtai ned geasur @pRNta3iBRakinghARGhAkec thied df guhkha@iBedisERRLel Nal udes a
process of inspecting a | arge anount of nagnetic heads while performng
sensitivity cal shgakiloninds maySbe Baehkeobuitt. | Heneegssaky cereapl ace the
probe nounted on the magnetic head nmeasuring device 12 is checked (step
$401). If repl adeneityi sfnanesdaryritheuprehe ite bephapddedstiep S402). Note
that this replacenent of the probe _can be perforned either 20 manually or
automatically. Neterabdy ipad a/pmgberfdesseplacenent can be saved in the
magneti c head measuring apparatus 10 or supplied where necessary w thout
bei ng saved. Next, tHdGragndisi @ WagW Bhowdng ddueplad riag geaenitn ofs thige
magneti c_head neasuring apparatus 10 (step S403). \Wether to execute
calibrat t8n for M@8PRRLASt PRGABESSHERBR 2PRATALUSNd Oc AlsBEYBy detgidari ati ons

i - 29 checked te 4). If it is necessar erformth

LZI i bration for eli %%%gld%%ﬁé’é‘sﬁpelﬁéﬁlt sl\?&’fﬁr Saé‘l%,atb;egéﬂaigﬂ‘re?ﬁcolnspr ocess

i f d t Q , . i.S_it f, whi.¢h th
mghet i o head BASETIAG BECPEe i bbbk sATABIARARG, rebREL e 1R el oot ed

(step SA406). ASgERE%a%@ﬁbyébﬁr'EGQM,”QEeO & n%%ﬁh”ﬁ%%%”m%%sﬁrﬁhgh'freq“ency
ig q 0

magnetic field distributron and | ocal -frequency magnetic field

strength, but algga.rgeaRstbhushiciadesal aubabbensoal a bighifkequeney, | eakage
magnetic field and horizontal magnetic field conponent and prediction of

various ekectrogaghekbeleeyeeSedamenar a0ker isShngs edephuepaiedosand an
arbitrary item 15 can be selected. An anplitude-nodul ated el ectric current

havi ng the carriead wavy &requerny wratuantohheorododliat moschhaduency cami s
applied to the magnetic head (step S407), and a high-frequency magnetic
field is 20 neapirededliethirachedhmensqldicy andgfdeict ibor detector 109,
a phase sensitive detector 110, a synchronous detector
111, an amplitude/DC voltage converter (RMS-DC
20 circuit) 112, and a feedback circuit 113, as the
constituent elements of the magnetic head measuring
device 12. The magnetic head measuring apparatus 10
also includes a computer 114.
The probe 101 is an interchangeable MFM probe
25 that is made of a magnetic material or magnetized by

adhering a magnetic material to a nonmagnetic

material.



m croscope (step S408). A surface shape can al so be neasured as well as the
hi gh- frequency nmagnetic field. In this case, a magnetic field generation
position corresponding to the surface shape can be confirned. 25 The data
obt ai ned by the measurement of the high-frequency magnetic field is

anal yzed and eval uated (step S409). Also, whether to perform - 30

eval uation other than the measurenent of tQ; hi gh-frequency magnetic field
is checked (step S410). If evaluation ot her® than the measurement of the

hi gh-frequency magnetic field is to be perforned 5 an evaluation/analysis

met hod i s sel ected 4 and .t he eval uat o S d by the

sel ect ed met hod (stgaﬁgﬁ %”éfhﬁﬁiéé SURRe Qﬁ$§ﬁ1 @EIS %Ethod are
t he measur enent and SIS of netl hea teristics .no bt ai ned
by St e 20 h e £ foqu s o dldiet [ dead %@? ¢ %D%Weﬁ%eem of

t he shape or sen i or. r.epr. resistive
SenS|t|5e thplnéh%é¥ k%relggoﬁ%gng%é%m%%th h%EEE rans gn. 28, 2310
(1992)) . and the aRahkees 22 AL RrE® ARRNAEEIN B dd ecor ding

portion. Next, success or | Gre”i s determ ned on the basis of the

anal ysi s/ gval uatplrg@)er g9yl t1s( %tt%l%cﬁé%ﬁ) Thfi f tﬂﬁe‘%ro%cilégtﬂ%s Aaned uhs

i nspection, acceptable product processing is perfornmed (step S414); if the
20 product has faggllq@st e viibyReGbnofo f@jee plrethePriaduainddrteeessing is
performed (step 15). Finally, whether to termnate the measurenent is
checked (step S4h6kilkfvetrhdOfeasurenent is not to be term nated, the above
steps are repeated; if the 25 neasurenent is to be termnated, this
magneti ¢ head i nspectlihen sigyrntadr gerastred.orTHI! faguprltireserbadigrerit has t he

ef fect of - 31 perform ng neasurenments by reducing the influence of tip
vari ations, in ddgisonenceo firleguenicyst g0 bht Gpnélei riereelArEdienbodi nent. As
described in detail above the invention 5 expressed by the first to fourth

enbodi neAfs canegedende 3nagnet|c head neasuring apparatus and nagnetic
head i nspection net ho c abI reduci ng neasur nt varjations caused by
tip variations and | r?%‘reo ge)neeqad:orl #l#ﬁ%%cﬁw ST fth

enbodi nent of the ignt nventlon will be de crlb d be m/mn h reference

to FIGS. 10 to f@ne(rﬂ Pan Qﬁer?tengfralg&&ﬁetalnc élli gn}? uri ng 15

masur 1 ng devi o8 ACCEA SHtEs TGP e, Anpt TR nitn't " gedld L??‘%s
nventi on, Thi sameaneli Lacy ¢raguasey ThasURLNg 4888 2ncont ai ns a

hi gh-frequency magnetic force mcroscope (HF-M-M as one formof a scanning

probe m gsoscoperedidhcyAlsR, bhbe g@gﬁanlagnéeatse abkoyenargBengt i c
recordi ng-head as a sanple to generate an AM si gnal (anplitude-nodul ated

signal ), and neasdie®c25 carlriegh-f maduency ghdiz geme@dtormmegnetic field as
the force (magnetic force) acting on a probe. At the sane tine, the
appar at us neasugesezatdpggeapleilegit riicagarafent whdzh tilse tdamsium ofs shown in
FIG 10, this measuring device
a direct current and alternate current. This signal
generator 106 applies an electric current to the
20 magnetic head 11 to generate a magnetic field.
The current value monitor 107 measures the
electric current flowing through the magnetic head 11.
The scanning piezoelectric element 108 determines
three-dimensional relative positions of the probe 101
25 and the magnetic head 11.
The deflection detector 109 detects the

deflection of the cantilever 102.



i ncludes a probe 201, a cantilever 202, a sanple 203, a scanning

pi ezoel ectric el enent 204, an actuating 5 piezoelectric elenent 205, a
signal generator 206, a deflection detector 207, a switch 208, a
synchronous detector 209, a phase sensitive detector 210, a synchronous
detector 211, an anplitude/DC vol tage converter (RV6-DC circuit) 212, a
feedback 10 circuit 213, a first signal_g qprq;or 214, a second signal
generator 215, an AM signal generator (a i tude- nodul at ed si gna
generator) 216, a current value nonitor 217, a conputer 218, and a switch

219. The probe 201 is_ magnetized by .coati of 15 eti.c substance and
att ached ltoo the f ro|r1t$Th§ng’h@fsletz 15 dﬁt’ivleeifgr%eﬂf?r cogﬂm“]lte?vé‘lrj e
supports the probe 201 and has a (o i cal_ resonance. . fr nc r. The
saggle 203 ispa &ﬁé?P&eré€§F&Fn§3H§§3 %ﬁ&wfﬁngéﬁeFﬁF§§&g%eP fYequency
magnetic field .S i.fi ongiti T Ny i l.ectri.
et Lo el WISREISRESSbLGcaoI0 IS o UG REAAG M ARy

Z-axis directions: 3 %&egbgqhanging the relative 25 positional relationship
bet ween t he probe 501 and t he sanpl e 203. The actuating piezoelectric

element 2@5 is - 3FhAldAAMGHRS e teRAorend 10fddthe1ean iddines¥2 and
applies a vibration to thée cantilever 202. The signal generator 206 drives

the actuating pisghearestizied @ieenhe2@odudatpRhny cdmpiodicatd @F Which Ab
specified vibration anplitude to the cantilever 202. The defl ection
detector 207 incligtiad aechasartolr gletscxdivede abplivet, odirate anaditipet | i ke, and
detects the deflection of the cantilever 202. The swtch 208 switches the
out put desti nat isdignal0 faobma thet phinisen sengnidli vier detelododefllldct | on det ect or
207 in accordance with whether to performforce
The amplitude/DC voltage converter (RMS-DC
i0 circuit) 112 outputs an effective value (root mean
square) of an output from the deflection detector 109.

The feedback circuit 113 controls the scanning
piezoelectric element 108 such that the output from
the amplitude/DC voltage converter 112 is equal to

15 a preset value (i.e., the probe-to-sample distance is
constant) .

The computer 114 records and saves information of
the high-frequency magnetic field obtained from the
output from the synchronous detector 111 and

20 information of the surface shape obtained from the
output from the feedback circuit 113, thereby
controlling the whole apparatus 10 and monitoring
various parameters. This computer 114 can also select
analysis items and analyze and evaluate data

25 corresponding to the selected analysis items or

determine success or failure of the magnetic head 11.

Magnetic head measurement by the magnetic head



measurenent or force gradi ent nmeasurenent. The synchronous detector 209
constructs a force neasurenent system and detects the vibration 15
anplitude (the AC conmponent of deflection) of the cantil ever 202. The phase
sensitive detector 210 constructs a force gradi ent measurenent system
together with the synchronous detector 211, and detects a phase 20

di fference (phase shift) between the varﬁgiog anpl i tude of the signal
generator 206 and the vibration anplitude~of the cantil ever 202. The
synchronous detector 211 constructs the force gradi ent nmeasurenent system
together with the ghase 25 sensitive detector 210 and,degects ﬁ?e AC
conmponent (the BF#EBARAAI cBRBBRERESO OAﬁpﬁﬂHuFﬁtFBﬁ) 6f 18nPB8LpaL L ¥rom t he
phase sensitive detector glg - 3% Not e tgat ig he force gradient
measur ement sysPEhT ORNFReHBAERY B pt iy PHEFOFhEd B;OHeflection det ect or
207 ~ signal generatqr_ 206 --> actuatin Lezoel ectri Lepent 205 --~
cantilever 202 to ne§§6P 'SaQnGEﬁSE%%C(ngaﬁg cyggﬁff%?%%EFngpéﬁding to a
change in reso u y i he_C i i i t. at
specified anpl?@ﬁggl%#ggqgggc§ﬂ%e%§5%P§5 ﬁgghog¥8§u$ﬁéya§b f%&ge vol t age
conver ter, 212 TRGIHIEEidA LBeCELABERl Yy Heuil1 10 CSTiisctiam delect or

207. The teedback circuit 213 drives the scanning piezoelectrit el enent 204
on the basis ofpaggouiput fromthe anplitude/DC voltage converter 212 to
performcontrol such that the output fromthis anplitude/ DC 15 voltage
converter 212 is conwhant thédl peobkheofiecdbapbrobthedt t313hdr megaethe

scanni ng piezoelectric elenent 204 to nove the sanple 203 in the X-, Y-,
and Z-axi s di rebéadnt]l, aadhbghpiiteqtenthie (aomputayn&tiBe af selphal (di git al
data) indicating a topographical inage of the 20 sanple 203 on the basis of
t he out put froncohponepti gedetrd®tedobyatkecnagnetér Réad 11 is
10 converted into a low-frequency (wm) interaction
component by the probe-sample interaction.
By setting the resonance frequency wr and the
modulation frequency wm of the cantilever 102
supporting the probe 101 to meet the condition om <<
15 wr, a component synchronized with the modulation
frequency (wm) contained in a phase change (phase
shift) or frequency change (frequency shift,
T.R. Albrecht, P. Grutter, D. Horne, and D. Rugar,
Journal of Applied Physics, 69 (1991) 668.) of
20 cantilever vibration is measured while the amplitude
of the cantilever 102 is held substantially constant
at the mechanical resonance frequency (wr),
regardless of the strength of the field, by using
the piezoelectric element 103 and an external signal.
25 In this way, a high-resolution, high-frequency

magnetic field can be stably measured.

As described above, a true high-frequency



The signal generator 214 sets a sideband frequency (nodul ation frequency) w
m of an AM signal, and generates a signal to which wmis set. 25 The
signal generator 215 sets a carrier wave frequency wc ( wr) of an AM
signal, and generates a signal to which coc is set. - 35 The AM signal
generator 216 generates an AM signal based on the output signals fromthe
signal generators 214 and 215. The curLena val ue nonitor 217 has a function
of 5 neasuring the value of an electric c Prent applied fromthe AM si gnal
generator 216 to the sanple 103, and adjusting this electric current. The

conputer 218 control ,th%,o Srall asurin 5? (e h Thi s conmputer 218 has a
function of ianP?PﬁSlTQ éﬁx s&fn etﬁgaéagﬁ ¥¥n§ SfagﬁléFggﬁPPc? urrent
and control | i ngthhe bt B e CoP AL R oi SaP” GSABES: Of Cota LARI A RBeur  ont
al ue nonitor 2 cQn e : f ti ; ieng, in
Yheusane ;ile, #égnggﬁ i??ggg gfgégaghggtE?grgﬁr?ggtb?@p%éségﬁﬁiZEB?O ;he

| e 203 and rent tagk Qs - h,th h
other . Furt hor morp. YEhoeSoanat of 218 AR A Faner on of S6Ceareurat i ng

di fferencgs betyegauaeRbHEakhtya0fofbt dhRedel FRGESvEA . SPERIrkYe2mBRGNEL i C
field position, and effectively displaying the contrast of that portion.

For exanple, theheoBputeioRd8nBeitoEBBverBlbACthaRat@EeriBRdes ehhf Beent in
the value of 25 an electric current to be applied to the sanple 203,

t her eby speci f ymagsarpdr ihonhehéoemaocthangew batheitrbhgnet ueihigekeyst rength
is large. In addition, the - 36 conputer 218 can visually display a
magnetic field gemsr atkod, pesidt tbe byedhanghnnhet hmpronedast of that

portion. Al'so, the conputer 218 neasures a force image on 5 the basis of an
out put signal from t B&GsydchroBold eetfedt 6xXPI@I Ndds Br F&Siend nt W ifchy ce
measur enent system and neasures a force gradient inage on the basis of an
out put stf@nal ~ f EBf ERE1BYAEARENBASNGELEcEdr g1 FeREASLANEt SRYTECRe 1for ce

gradi ent 10 neasurenent syste di splay pr.ocess and savin rrocess are
i ncl uded). The f8r&8"¢ §ec8ﬂgh%ﬁ8rforéecﬁﬁé&?égﬁnﬁnﬂﬁgnﬁFégh&dﬁigrequency

head | | at i th i,c f f i gh-f, ti

{1 ol d goner al cdoBy S A2aBHCRPELr Bebrti AGCREa TRE-13 COuilk SPiuas
I ivel ; f [ b

Svi tohing L he- SePreReES0n SoRTIRg. THS Shet TheoTB 0N o Ared S ER 1 he

switch 208 to switeheshgpal, LBRBtedenkl BakkARSel B rafCehdanes tWrt B 20
whet her to perform force neasurenment or force gradi ent neasurenent.

(Condi tiops of €aatichewer) tbl @ pdlntspa thewskeengxpl aithiangalghetgendi tions
of the cantilever. 25 To inprove the spatial resolution during
measurenents, asishdwati hhEsGpoliht Pt whendesi rdkkeértia setrrenvi bir ftloes
anplitude Acant in the direction of - 37 height (Z directign) of the
cantilever 202 &brbaghethe posdubterpisvHded IrRAt 2tmé pr @ é3Z%1 does not
hit the surface of the sanple 203. That is, the difference between the
square val ue of (ATdm$tance h fromthe

Although FIG. 3 illustrates the annular
20 calibrating magnetic field generating source, it is of
course also possible to use some other shape, e.g.,
a linear shape.
FIG. 4 is a view showing an example of
a configuration for acquiring an MSM (Magnetoresistive
25 Sensitive Mapping) image in analysis and evaluation of
a certain analysis item. For MSM, refer to

"Magnetoresistive Sensitive Mapping”" (G.A. Gibson and



5 surface of the sanple 203 to the vibration center of the cantilever 202
and the vibration anplitude Acant of the cantilever 202 is desirably as
close to 0 as possible, that is, 2h - Acant -~ 0 10 where, Acant < 2h ..
(1) Note that the distance h can be adjusted by noving the scanning

pi ezoel ectric elenent 204 in the Z-axis direction (direction of height).
However, if the probe 201 is noved too_clagse to 15 the surface of the
sanple 203 in order to inprove the spatial resolution (i.e., if an interva
(probe-to-sanpl e distance) z between the sanple 203 and the probe 201 is

t [1), the _ti th be 201 i tt t t I 203 20 (th

pfgbzv?o-lanp|gsd:5P§E55'3ﬁgﬁgtﬁfén§ri§8§Pr22%o§2&ﬁ§ éﬁgﬁgggpiﬁ accordagcee
ith th terial of ,th L, d t f . it ati field). That

e e Van ter vel P FRBREP RST80T RO B e D) - The

| arger than the,gpring, gﬂﬁgﬂataz éa%s}h%gg%§%L§§%%5e§ggtrﬁﬁi§l%ﬁ@ il ever

202 can no | ongéer suppo e pro nsequence, the probe 201

junps onto the gyifageqQtcbRecaamBhe 293wy thr38gnRke HRgpULERENt
difficult (Seizo Morita, K BOOKS SERIES 83, "All About Scanni ng Probe

M croscopg” (KOR¥eCIESAKARX t982kd ABEBLdhNEl Wi fZeFRhitAG 1CaMpl ARt ekGant of
the cantilever 202 is desirably 5 larger than the Van der Waals force

gradi ent as indLeakednbprkeassing8ibveerrbriied for Rfisweateakbedd i s the
Van der Waals force acting on the probe 201, and z is the probe-to-sanple
di stance. 10 | nsagdghaend krbdesignefi cmoa dheasignait geaetradorcdddedoby a
magnetic field is nmeasured while the cantilever 202 is vibrating, this
dynam c i nteracecgniicre repMéM¥enmedeby t he average of the probe 201 and the
magnetic force of the magnetic field at _each point of 15 vibration (F. J.
G essibl, Physical R&%i &RoBB6 ip1ddES.1681QF. SPhetdis ¥SM Aimage \isbr ati on
anplitude Acant is Larget thgn %n att enuation di stance % na%, a Elace wher e
the probé0201 dB8E§UAGET hbetBEt TR Oth8 e GAEE OFf FEP8 exi $E&: 98 no
efficient neasurﬁrent 28 cgg.be gerformed. 'The "atienuation distance” is
the distance fr8PtRedsat’Pate™sh £RB2LAAPPES263 fo A IBoITAE WENHI ch t he
probe 202 does ﬁggnégﬁgr§ﬁglgl&ﬁekh%he magnetic head is viewed from
the above. FIG. 5B shows a line profile of this
two-dimensional image.
15 <First Embodiment>
A magnetic head inspection method according to
the first embodiment will be explained below with
reference to FIG. 6.
First, the magnetic head 11 as a sample is set in
20 the magnetic head measuring apparatus 10 (step S101),
and an analysis item for which the magnetic head
measuring device 12 inspects the magnetic head 11 is
selected (step S102). As this analysis item, not only
estimation of a high-frequency magnetic field
25 distribution and local high-frequency magnetic field

strength, but also reconstructing calculations of

a high-frequency leakage magnetic field and horizontal



magnetic field any | onger. Accordingly, to further increase the efficiency
25 of detection of the dynanic interaction, it is necessary to elininate

t he place where the probe 201 does not interact with the magnetic field. In
ot her - 39 words, while the probe 201 is scanned to neasure the dynam c
interaction caused by the magnetic field, it is necessary to set the
vibration range of this probe 201 within the range fromthe surface of the
sanple 5 203 to the point at which the probe 201 does not interact with the
magnetic field any longer. To this end, the vibration anplitude Acant of

t he cantil ever %$§8EE§E Qgeggdg Eggb%ﬁ%oggggﬁgggigkﬁggug%iggrgkggance a mg

of the magnetic as‘indicarte ) Since

the attenuati onedkstaBhgAcfas ebnlBesTBANBhEE LR kicabank S0 nm the

vi bration anplitu can the cantilever esirably set to less

than 50 nm 15 Yhep.i-Be,canki havarpi®2ary $8bmUREer peh@ecq@Rdkly. ons as
descri bed above, a hi gh-frequency responSe can be stably neasured with high

resol ution. (Measurengalt, MahhQhp 1A thidias-tHodhE Rt i tehed tafi & hiug remodi nment
will be 20 explained below with reference to FIG 10 and a flow chart in

FIG 12. Fbirst, hbbengawpkeecd@ziags @atvagfiekiguehegorsic ngniietlet 0 be neasured
is placed on a specific nenber to be driven by the scanning piezoelectric

el enent 204. 25mdéHelsitdehafidetineguegneymcbsn apmplide tarthermagweticequency w
c of an AMsignal to be generated fromthe AM signal generator 216 are set
(step S501). head (AmepVSdPgnal avdr rehtighhdsequepiciyt mdgnies ippdakdded by
these wc and camis generated fromthe AM signal generator 216 and applied
to the sanpl e 208 PepeprsdoP)thsal highs fapavensyt rpggetiché&osicéeband

frequency w m ,
microscope (step S104). A surface shape can also be

10 measured as well as the high-frequency magnetic field.
In this case, a magnetic field generation position
corresponding to the surface shape can be confirmed.

The data obtained by the measurement of the
high-frequency magnetic field is analyzed and

15 evaluated (step S105), and success or failure is
determined on the basis of the result (step S106).

If the product has passed the inspection, acceptable
product processing is performed (step S107); if the
product has failed the inspection, rejected product

20 processing is performed (step $5108).

Finally, whether to terminate the measurement is
checked (step S109). 1If the measurement is not to be
terminated, the above steps are repeated; if the
measurement is to be terminated, this magnetic head

25 inspection is terminated.

In this first embodiment, a magnetic head can be

inspected before incorporated into an HGA. This can



is set under the condition "cum car". In this case, the sideband frequency
‘“com’is preferably set to be 1/10 the resonance frequency wr of the
cantilever 202 or less. This is so because there is the limtation 10 in
nodul ation theory and circuit configuration that the maxi mum frequency of
an AC conponent detected by the phase sensitive detector 210 is

approxi mately 1/ 10 the resonance frequgnc%zof_the cantil ever or |ess. Also,
the carrier wave frequency wc is set 15 t0 a value (a few MHz to GHz)

hi gher than the resonance frequency cur of the cantilever 202. I|f
measurenent is erfgined b¥ set%hng 8js,c§rrier wave frequency mc in the
vicinity of theSFg8e5h¥ntBPEPEGuEREY HEl Yofifhe cantil ever 202, the

cantilever 20 2 itsel tares ergy acting on the probe 201. This nakes
accurate i mge %éSSBPgn@W§°g%BSE§?b|e. Furthernore, if the carrier wave

frequency wc is setAt%a%§e§q%l %%dtq?§F%g§i%%§9§@%ﬁ%-%k%%H§E%¥ W4, no

hi gh- frequency neasurene can be per any onger. , the
cantilever 202 k§eSgkcHAdeEnbBEimAAL umsbaeakF@gi%ar Be3bonaith) to (3)
above and - 41 wvibrates, and the surface of the sanple 203 is scanned by
t he probeg201 whilkerkheer ebakitge positional relationship between the probe
201 and the sanple 203 are changed (step S503). During the scan, the 5
cantil ever 202 is actrhalsedeabnspembbdaethewnithhaldlomeznplricideds ibyy @l yi ng a
specific signal (e. g., a signal having a frequency close to the resonance
frequency w r obbthéndant chavect202pticem ehe.si ghal speper ahdr 206 to the
actuating piezoelectric 10 el enent 205. Consequently, a dynam c interaction
caused by a nagmetsétiivékg géner akpdofinoimgheosanphe ap@3aastsuoatelde probe
201. More specifically, a force and force gradient having a | owfrequency
AC conponent (wnagnrstéenféréat pharemgronhenpitopbtadnedrins themféaronent
contains_a high-frequency w ¢ conponent. ,The value of cumis much smaller

t han thelPesonaf®g0 F@&Bgndylgf PhedSRELPEFeAPOTE -:and hence can be

detect ed | ativel ily. Th f L igh-f 20 , ti,c field
i stribution of the SaRple 508 BRAMEEifcaeared og oot FATE End Y aFte 18r t he
i f f VHz .t ..That Ls, t hi,gh-f
Component (carr E0F NEvEYEErnbran FearUribSusktaretn ePadoteR 5EPRAG on the
probe 201 can be,aSafeandieds by €0V epkl s LAl $nbl gcheduegagacomonent
eban . e ae

into the | ow frequency conponent (Si conponent ection

det ector 207 deh%ﬁ%ﬁr&ﬁ$ Hawveee 12 44spabdsf eheenduAdi@Rt naaqdt he defl ection
of the cantil ever 202. The conputer 215 receives a’'signal of a

t opographical igagecekdt hetepnpbe2203 hgorhikeanBagdienBhensysbemonngl udi ng
the deflection 5 detector 207, the anplitude/ DC voltage converter 212, and
t he feedback ciestiimafidn btlieaebyghedsenuegcyhmaghepndgr dpleildal i mage. In
addi tion, the conputer 218 selectively neasures the force i mage and force
gradi ent i mage Bystoabnsibhngndhdosailt bhgh-2@g8qtengydmaygetic field
strength, but also reconstructing calculations of
a high-frequency leakage magnetic field and horizontal
20 magnetic field component and prediction of various
electromagnetic conversion characteristics are
prepared, and an arbitrary item can be selected.
Next, an amplitude-modulated electric current
having the carrier wave frequency wc and the
25 modulation frequency wm is applied to the magnetic

head (step S203), and a high-frequency magnetic field

is measured with a high-frequency magnetic force



I f the conputer 218 connects the switch 208 to the phase sensitive detector
" 210 (PD) ("PD' in step S504), this phase sensitive detector 210 and the
synchronous detector 211 generate a signal of the 15 force gradient. If the
conputer 218 connects the switch 208 to the synchronous detector 209 (SD)
("SD'" in step S504), this synchronous detector 209 generates a signal of
the force image. The force gradient image,si gnal generated by the 20 phase
sensitive detector 210 and the synchronouS detector 211 is |oaded into the
conputer 218 via the switch 219 ("Gradient” in step S507). The force inmage

iLﬂBﬁle?egﬁéaifﬁi?ﬁaggﬁﬁgﬁggE%ﬁ”%gaé9§E?§2gﬁﬁ§§§ei?H5§?35g928%%9t$ﬁe

218 i N i .
Gradi ent i mage. Begnared8s, 607 HaoehBOhsbIRRT HIERc RELAR LI BT ca8ifnge
when I oading the,fpnee Lyage si goghe(sker; S909%ensa0enfr bedrabgye, Lhis

measuri ng devi cé can measuré the topographircal “rmage 0 e Sanpl'e 203 and

5 at the same tigpreaposgiagt t¥ekheBASHLEt BRaFRI 68ni BRUBL AR BE . fOrce
gradient imge. Al so, by switching the swtches 208 and 219, a

hi gh-freggency forcerherggtandptaisaedgpgdicaat neagaeemdnthersame fiel d of

vi ew can be conpared under the sane conditions. 10 Note that in

hi gh-frequency naghefreghentd meagasteaeteldf ishenatlyesadt Andf the nmagnetic
field fromthe magnetic recording-head is too |large, the surface shape is

i nfluenced by thwvaloagedti(stépeb@05WienAlbbs whethercasepetliermi brati on
frequency or 15 vibration anplitude of the cantilever 202 is preferably
control |l ed on thwabastsonfothercthanatheoheahvrebentned $heface shape. For
exanpl e, the vibration frequency of the cantilever 202 is shifted fromthe
resonance frequbhglp-EGedvenckemgppehtrofiieddaipl Fhagkeds (shePc8rPE) ever 202

is increased by adjusting the actuatin i ezoelectric elenent 205 or the
si gnal gtferat or 206;fA€¥695?ﬁ@P9,Oﬁbﬁgu?EﬁBthEaWeﬁéuﬁépﬁBFnﬁé WReh t he

i nfl f the, tic field reduged. 25 th i devi

of the fifth enbbdlTonaUESEy: Baa Bbove A 65t F BBnBFEFBREHr R
til 202 : ' . - 4 i t - ted,

Cont | ever 202 L8 ARPISRTLALELY, $Chunon £ <BPeRRY udgprRdbated

be measured, thgpaby,genghahhidof TRUBELEG LAl By tHESSEalcteR! hetnod

measur enent of a hi gh-frequency respohse 5 wth Inproved spati a

resol ution. Fl GpstddAsb0si4C akemplaBhsrShAW BgaTRASULANBAR1§%28D| es when a
force gradient image and a force 1 nage of a magnetic recordi ng-head are

measur ed18isi ng hBehsBaavei GHedR¥heBremehBeanbonfatyBadi BENMagh@tkfbtG 13A is
a force gradient image as a high-frequency head i nage obtained by the force
gr adi ent neasur kaedt chgshehenlisthesneasupbhgidedi bg thet he enbodi nent.

FIGS. 13B and 13C depict line profiles. As shown in FIG 15, the magnetic
15 recordi ng- hehdighsfnphuenog) meonpbtinefsalddahasea guphs5asbéheeen nagnetic
pol es 50. Also, the value (anplitude) of a signal current applied fromthe
current val ue nBApeBEemgntoofhEhgafpreei er28eRAltEUitHePHore, the carrier
wave frequency of 20 ag AM si gnal , for enerating this signal current is "w

R Eg &

c = 2~ X 10 MHz?%, *&RYCPHREEFd BRR4OPr BYUEREDSEP ﬁF§FAMFs?§H§FtF¥e"m/n1:
220 o 3000 FhggORSL L0 KRGS OLAE PLOREIZ0T (ke BuoR Ky2 T, A
"arge in this pord: aattr(EBSREY, BRE' RelalALLRE BECK, BRRRERLTSN 01O 1S

phenomenon of a recording portion.

Next, success or failure is determined on the
basis of the analysis/evaluation result (step S209).
25 If the product has passed the inspection, acceptable
product processing is performed (step S210); if the

product has failed the inspection, rejected product



- 45 aline 52 in FIG 15) indicating that the nmagnetic field is large in
"the'vicinity of the gap position. FIG 13Cis a line profile (correspondi ng
toaline 53 in FIG 15) indicating peaks 31 presunably generated 5 by the
effect of |oss by excess current on the edges of the gap. FIG 14A is a
force i mage as a hi gh-frequency head i mage obtai ned by the force

measur ement system of the neasuring devic 4of__the enbodi nent. FIGS. 14B and
10 14C depict line profiles (correspondingto the lines 52 and 53,
respectively, in FIG 15). The nagnetic recordi ng-head 203 to be neasured

and the probe 201 are the sane a% in thz neasgrﬁﬁgnt exanple in FIGS. 13A
to 13C. The neaBaPERERLMdondi PROASTERE dP56P152¢Hed -same except that the

i deband f f..t he ,AM si | i " =2 ~ X 47.2 kHz (= ¢c~r) ".
T o0 T RReney  RrabAT i REE e o ¥BimiBate shE frelihrbnaR: s

recor di ng- head, i Lgh-f C ic. fi.eld is.large in
this por?ion. FFE?g¥5§g#§@§é gzﬁ?gé p????ﬁg %ﬁg?gggbﬁéttﬁgtggﬁetﬁaé%etic
field is large i - LGi Ni e Lt hange.in the
contrast is %Ddggg%gﬁgg%%érgégt§BE%%.S%%%Fp?ESigg??ﬁgegﬁaggtﬁggresolution

is low FEG 14f.ghawembhat ikhepepar ecPRiR8aks, 3thishawankR 1Bl Kead3C 25
presumably generated by the effect of |oss by an excess current on the

edges of the gapnspeemibheiabevemipagsenenent results, the force - 46
gradi ent measurenent system has a higher resolution than that of the force

measur ement syst em amiist becehd emboaimenashae ahe rEFechellf refl ecting a
hi gh-frequency nagnetic field generated from5 a magnetic recordi ng- head.
As descri bed i npdefarhiabotetaflhevahventiponiexpndssgdabyepedhicink

enbodi nent can Rrovide a magnetic recordi ng-head neasuring device capabl e
of measuring a hegH- epdqheaogtiespativsaiioni gharecsendistiieistyiand high
resol ution. Additional advantages and nodifications will readily occur to
those skifled i AdghEigpt toThBrepdfactEnabtakBReli 6R thei fdrBfoader aspects
isnot limted to tge sg%cific details and representative enbodi mnents 15
shown and descr PBRAIABRBER. Accordingly, various nodifications may be nade

W t hout departi fr the spirit and scope of the general inventive
concept as defi%galﬁgnbﬂgogbggﬁaéd claims and their equival ents. - 47

VAT 1S CLAINED 1S b rgTRODE! bR et JJRAMGH heRRRR 2t tihgmeaeuring @
the third embodiment will be described below with
15 reference to FIG. 8.

When measurements are repeatedly performed, no
specified inspection results can be obtained in some
instances owing to deterioration of the MFM probe,
e.g., deterioration of the resolution and a reduction

20 in the S/N ratio of a measurement signal. This
"deterioration" herein mentioned includes physical
rounding of the probe tip during measurements, peeling
of a magnetic film from a probe having the magnetic
film attached, and unsuccessful magnetization of

25 a probe. In cases like these, the MFM probe must be

replaced with a new one. By taking this into

consideration, the third embodiment includes a process



a calibrating magnetic field generating source 5 which causes the magnetic
head to generate a magnetic field having a constant strength and frequency;
an electric current applying device which applies an anplitude-nodul at ed

el ectric current whose anplitude is nodul ated by a specified carrier wave
10 frequency and nodul ati on frequency, to the nagnetic head from which the
magnetic field is generated by the cali_brating magnetic field generating
source; and a nagnetic head nmeasuring device which neasures a

hi gh-frequency magnetic field generated fromthe 15 magnetic head by
application of t | itude- ulated electric current fromthe electric
current applying dg§gggng§ngT aBﬁ8$8FUS according to claim31, wherein the

Taterial probe parti EESCor "EREPPE J e GE R REGNEE: EoRAReE KTC 3. The
appar atus accor gi pg.t g ehabm by BHET §LO,LE CLechr ke CHLIRR daBRLYI A9

device is capabfe appl'yrng a rec cuarreén ppar at’uas

according to C'@g”bﬁecmeer%gee hgsghgctrirg EHﬁEQEEm@HE|anHe@€¥%S§y
capabl e of applying an alternate current. . The appar at us

accordi ngsto cl ghe provhergi pebleceliegkeip sgog¢nt ﬁ@ﬁbytnatd@muge appl i es
an electric current having a current density of not nore than 10-8 A/cnR. 5

6. The apparat ugepteeefleng b6 €hai prdbewhanebsa pberfoahilr atithgrmagnetic
field generating source includes an annul ar conductor and is capabl e of
appl yi ng an el emanualtyr oenautombhécadgpet i Noheadlsd. thhé appavhtufor
according to claiml1l, wherein 10 the calibrating magnetic field generating
source incl udesraplianementonducber samddi $ncapebimegoktapphpidg
measuring apparatus 10 or supplied where necessary
10 without being saved.

Next, the magnetic head 11 as a sample is set in
the magnetic head measuring apparatus 10 (step S303),
and an analysis item for which the magnetic head
measuring device 12 inspects the magnetic head 11 is

15 selected (step S304). As this analysis item, not only
estimation of a high-frequency magnetic field
distribution and local high-frequency magnetic field
strength, but also reconstructing calculations of
a high-frequency leakage magnetic field and horizontal

20 magnetic field component and prediction of various
electromagnetic conversion characteristics are
prepared, and an arbitrary item can be selected.

Subsequently, an amplitude-modulated electric
current having the carrier wave frequency wc and the

25 modulation frequency owm is applied to the magnetic

head (step S305), and a high-frequency magnetic field

is measured with a high-frequency magnetic force



an electric current to the nmagnetic head. 8. The apparatus according to
clai'm1, wherein the calibrating nmagnetic field generating source is 15
capabl e of applying an electric current and from which the magnitude of a
magnetic field corresponding to the applied current is capable of being
estimated. 9. The apparatus according to claim1, wherein the calibrating
magnetic field generating source 20 includes a magneti c head. 10. The
apparatus according to claim1l, wherein the calibrating nagnetic field
generating source is capable of applying a direct current to the magnetic

head. 2 . The, [ h I
magneti c i1l d GEREPAroRY 48bFBe PLtkapatl BUBF S6BpCIPRE SRPaPLaPnaFe

current to the ... 49 ymagnabis beagolg. (e apnanalus.geeetdi ug g claim

1, wherein the @Sﬁl i ng nmagneti gener |ng source appli

el ectric current_ hayi ng ngurBEH%gQSE§Et g%ﬁ ggrggggntgggl%g of A/C”Q

13. The apparatus according'to c conpr|5|n

curr ent app"CaEbQQeéﬁaﬁaﬁnghtshta@pgug%aeedEESBE EHhrS@tcBBfEQﬁeﬁagnet'C
head; 10 a voltage nmeasuring unit which neasures a voltage of the nagnetic

head to which the di rget daikr ebtaiseappli edebmehiRe rénedet oGUHRNt
application source; and a synchronous detector which synchronously detects

a specified frentigneyrequpasgninagheaticofiipltl 15 wakllggedf nam t he vol t age
measuring unit. 14. The apparatus according to claim11, further conprising:
an electric curegaluappti ¢atepnS80il ce Ahsoh @ppkthes to pkefompneti c head
an electric current which 20 is a sumof a direct current and an alternate
current; and a syathethonsotdbesctbanwhhehmegaohenaotisb§ the

high-frequency magnetic field is checked (step S308).
10 If evaluation other than the measurement of
the high-frequency magnetic field is to be performed,
an evaluation/analysis method is selected (step S$309),
and the evaluation is performed by the selected method
(step S310). Examples of the evaluation/analysis
15 method are the measurement and analysis of magnetic
head characteristics not obtained by the
high-frequency magnetic field alone, such as
the measurement of the shape or sensitivity or
a reproducing portion by Magnetoresistive Sensitive
20 Mapping (G.A. Gibson and S. Schultz IEEE Trans. Magn.
28, 2310 (1992)), and the analysis of a saturation
phenomenon of a recording portion.
Next, success or failure is determined on the
basis of the analysis/evaluation result (step S311).
25 If the product has passed the inspection, acceptable
product processing is performed (step S312); if the

product has failed the inspection, rejected product



detects at a specified frequency a specific signal output fromthe nagnetic
" head neasuring device. 25 15. A nethod of inspecting a magnetic head,
conprising: setting the magnetic head; - 50 selecting an analysis item
for which the magnetic head is to be inspected; applying to the magnetic
head an anplitude-nodul ated el ectric current whose anplitude 5 i s nodul at ed
by a specified carrier wave frequency qu:$qujation frequency; neasuring,
in accordance with the selected analysis item the nagnetic head to which
the anplitude-nodul ated electric current is applied, by 10 using a

hi gh-frequency nmagnetic force m croscope; .analyzing and eval uati ng dat a,
obt ai ned by t he PFEESFSMEnt S @FrﬁhgnﬁﬁgAEﬁ%? ﬁéé&g'and det er mi ni ng success

fail f th i.c.h he basis .of th I i lt. 15
o Taflure of L he reaney oo IS ol e Al o e
constant curr e”tchte%kte'?iezxg&%%gts's‘izl ead;y Aand %lérdr%gnel%lt\e/g.l'st ?guet %f%:etb*ée

magneti c head to which const'ant current 1S app nmet hod

according to cl gigPk5a Wt Rl f%‘?;%ﬂrrei %itrég)ssxér}r‘ehrﬁgég)%l%@a;d%f%!eng a

speci fied frequency conponent of an output voltagé obtal ned by the

measur ement . 25p,l3.syHademRl RQd taC &R ¢atehin® tdBi Phh% radndialc G@Ee i Sing
exchangi ng probes for use in neasurenent of the magnetic head. - 51 19.
The met hod acconréispecia ol dismtkrmihudttelier conprising calibrating

measur enent variations of the magnetic head. 20. A magnetic recordi ng- head
measuri ng apparatus FHig theasiirdmgpdmeagneéidsc thec e fifiery: efadhvadiahiprg si ng:
an electric current applying device which applies to the magnetic
recor di ng- head dretarpoiratdenmoduleatedbel ectusied dyr repe bilidse anpl i tude is
modul ated by a specified carrier wave frequency and nodul ation 10 frequency
a cantil ever toMRIFiISHF¥eNeHtShe DESRALSE ProRGFeldad Mgt é¥chiandgsdat tidiched:;

10 addition to the effects obtained in the second
embodiment.
<Fourth Embodiment>
A magnetic head inspection method according to
the fourth embodiment will be described below with
15 reference to FIG. 9.
When measurements are performed while probes are
exchanged as described in the third embodiment
(FIG. 8), experimental results before and after the
probes are exchanged are sometimes different (even
20 when a magnetic head as a sample to be measured
remains the same). As a consequence, specified
inspection cannot sometimes be properly performed in
a process of inspecting a large amount of magnetic
heads. One reason is that the conditions (e.q.,
25 the shape, film thickness, and contamination) of
a magnetic material at the tip of the MFM probe

more or less change from one probe to another.



a vibrator which applies a vibration with specified vibration anplitude to
‘"the ‘cantilever; and 15 a neasuring device which nmeasures a dynam c
interaction which a nagnetic field generated in the magnetic recordi ng- head
by application of the anplitude-nodul ated electric current fromthe

el ectric current applying neans exerts on the probe vibrating, 20 wherein
while the probe is scanned to neasure the gynqnic interaction by the
magnetic field, a vibration range of the 8 obe falls within a range froma
surface of the magnetic recording-head to a point at which the probe does

not interact with the magnetic field,any 25 l.onger. 21. The apparatus
according to cIQFH??OFeQEQPEiﬁthgayFBFiPPSnlﬁ PiPBgéCBI Fﬁégg§ntilever is

I h - . . TIh dir |ai , Wwh

pr i ng const ant 2bi SEREDEahDF| BARPCT SF Bt e CERLRCH OAnShcr Banl o force.
di ent ti 3. T di.ng.to. i m.20,

wherein the vi bratbH peBEapapparbing Piel AR BrePeicRiniilisBidhdi Thali on

frequency and VER%aEEQchgg#Légggiggg%?9Cgﬁgggh¢58faaaéfférgﬁEgogﬁgf

measuring a nmagneti ¢ reco rersin pplyirng t

magnetic gecordipg)peadnaB gEBLEEHAEnTRAKLaE®D reh RSt hiiReCHAT 8Bt tWROSE
anplitude is nodul ated by a specified carrier wave frequency and nodul ati on

frequency; 15 appkyi B@r@avebpat tRB wahhispeeif had vehuateaniamphit ude to a
cantilever to which a probe having a magnetic material is attachedl and
measuring a dynapt&chbt eyaceimoalwbhmnbng. maghesecvhrebdigasenatedaildetihe
magneti ¢ recordi ng-head by 20 application of the anplitude-nodul at ed

el ectric currentipxeats$abmhohbe probe which vibrates together with the
cantilever, wherein while the probe is scanned to neasure the dynamc

i nteraction by the nBgnepmpeniseltd, farvithpaviagna2iongngéd tofist hecpssbeyf al | s
within a range froma surface of the magnetic recording-head to a point at
whi ch théoprobetgoéglhbratﬁtEhacﬁeap@hth§Yna§n§bﬁcprpgpdaaﬁy

normalize the obtained measurement signal. Therefore,
this fourth embodiment includes a process of
inspecting a large amount of magnetic heads while
performing sensitivity calibration.

15 First, whether it is necessary to replace the
probe mounted on the magnetic head measuring device 12
is checked (step S401). If replacement is necessary,
the probe is replaced (step S402). Note that this
replacement of the probe can be performed either

20 manually or automatically. Note also that a probe for
replacement can be saved in the magnetic head
measuring apparatus 10 or supplied where necessary
without being saved.

Next, the magnetic head 11 as a sample is set in

25 the magnetic head measuring apparatus 10 (step S403).

Whether to execute calibration for eliminating

measurement variations caused by tip variations is



- 53 longer. 25. The nmethod according to claim 24, wherein the vibration
"anpl'itude of the cantilever is less than 50 nm 5 26. The nethod according
to claim 24, wherein a spring constant of the cantilever is larger than a
Van der Waals force gradient acting on the probe. 27. The nethod according
to claim24, wherein at |east one of the vi brat| on frequency and vibration
10 anpli tude of the cantilever is adj uste(}9 .AFL. A 9. A

_.A3_.A39.A3 _.A'9.A3,9.A .A; .Alr.As_. A A AS. A
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high-frequency magnetic field is to be performed,

5 an evaluation/analysis method is selected (step S411),
and the evaluation is performed by the selected method
(step S412). Examples of the evaluation/analysis
method are the measurement and analysis of magnetic
head characteristics not obtained by the

10 high-frequency magnetic field alone, such as
the measurement of the shape or sensitivity or
a reproducing portion by Magnetoresistive Sensitive
Mapping (G.A. Gibson and S. Schultz IEEE Trans. Magn.
28, 2310 (1992)), and the analysis of a saturation

15 phenomenon of a recording portion.

Next, success or failure is determined on the
basis of the analysis/evaluation result (step S413).
If the product has passed the inspection, acceptable
product processing is performed (step S414); if the

20 product has failed the inspection, rejected product
processing is performed (step S415).

Finally, whether to terminate the measurement is
checked (step S416). If the measurement is not to be
terminated, the above steps are repeated; if the

25 measurement is to be terminated, this magnetic head
inspection is terminated.

This fourth embodiment has the effect of
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As described in detail above, the invention
5 expressed by the first to fourth embodiments can
provide a magnetic head measuring apparatus and
magnetic head inspection method capable of reducing
measurement variations caused by tip variations and
improving the yield.
10 <Fifth Embodiment>
The fifth embodiment of the present invention
will be described below with reference to FIGS. 10
to 15.
(Arrangement of Magnetic recording-head Measuring
15 device>
FIG. 10 shows the arrangement of a magnetic
recording-head measuring device according to the fifth
embodiment of the present invention.
This magnetic recording-head measuring device
20 contains a high-frequency magnetic force microscope
(HF-MFM) as one form of a scanning probe microscope
(SPM). Also, this measuring device allows a magnetic
recording-head as a sample to generate an AM signal
(amplitude-modulated signal), and measures
25 a high-frequency (MHz to GHz) magnetic field as the
force (magnetic force) acting on a probe. At the same

time, the apparatus measures a topographical image of
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As shown in FIG. 10, this measuring device
includes a probe 201, a cantilever 202, a sample 203,
a scanning piezoelectric element 204, an actuating
5 piezoelectric element 205, a signal generator 206,
a deflection detector 207, a switch 208, a synchronous
detector 209, a phase sensitive detector 210,
a synchronous detector 211, an amplitude/DC
voltage converter (RMS-DC circuit) 212, a feedback
10 circuit 213, a first signal generator 214, a second
signal generator 215, an AM signal generator
(amplitude-modulated signal generator) 216, a current
value monitor 217, a computer 218, and a switch 219.
The probe 201 is magnetized by coating of
15 a magnetic substance and attached to the front end of
the cantilever 202.
The cantilever 102 supports the probe 201 and has
a mechanical resonance frequency wr.
The sample 203 is a magnetic recording-head and
20 generates a high-frequency magnetic field under
specific conditions.
The scanning piezoelectric element 204 controls
the driving of the sample 203 in the X-, Y-, and
Z-axis directions, thereby changing the relative
25 positional relationship between the probe 201 and the
sample 203.

The actuating piezoelectric element 205 is
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applies a vibration to the cantilever 202.
The signal generator 206 drives the actuating
piezoelectric element 205 to apply a vibration with
5 specified vibration amplitude to the cantilever 202.
The deflection detector 207 includes a laser
light source, photodiode, and the like, and detects
the deflection of the cantilever 202.
The switch 208 switches the output destinations
10 of a detection signal from the deflection detector 207
in accordance with whether to perform force
measurement or force gradient measurement.
The synchronous detector 209 constructs a force
measurement system and detects the vibration
15 amplitude (the AC component of deflection) of
the cantilever 202.
The phase sensitive detector 210 constructs
a force gradient measurement system together with
the synchronous detector 211, and detects a phase
20 difference (phase shift) between the vibration
amplitude of the signal generator 206 and the
vibration amplitude of the cantilever 202.
The synchronous detector 211 constructs the force
gradient measurement system together with the phase
25 sensitive detector 210, and detects the AC component

(the sideband component of AM modulation) of an output

from the phase sensitive detector 210.
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piezoelectric element 205 — cantilever 202 to measure
5 an amount (frequency shift) corresponding to a change
in resonance frequency while the cantilever 202 is
vibrating at specified amplitude (frequency detecting
method) .
The amplitude/DC voltage converter 212 measures
10 the effective value of the deflection detector 207.

The feedback circuit 213 drives the scanning
piezoelectric element 204 on the basis of an output
from the amplitude/DC voltage converter 212 to perform
control such that the output from this amplitude/DC

15 voltage converter 212 is constant. Also, the feedback
circuit 213 drives the scanning piezoelectric element
204 to move the sample 203 in the X-, Y-, and Z-axis
directions, and outputs to the computer 218 a signal
(digital data) indicating a topographical image of the

20 sample 203 on the basis of the output from the
amplitude/DC voltage converter 212,

The signal generator 214 sets a sideband
frequency (modulation frequency) wm of an AM signal,
and generates a signal to which wm is set.

25 The signal generator 215 sets a carrier wave
frequency wc (>> wr) of an AM signal, and generates

a signal to which wc is set.
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The AM signal generator 216 generates an AM
signal based on the output signals from the signal
generators 214 and 215.
The current value monitor 217 has a function of
5 measuring the value of an electric current applied
from the AM signal generator 216 to the sample 103,
and adjusting this electric current.
The computer 218 controls the overall measuring
device. This computer 218 has a function of inputting
10 and saving the conditions of an electric current
generated from the AM signal generator 216, and
a function of monitoring and controlling the states of
the AM signal generator 216 and the current value
monitor 217. The computer 218 also has a function of
15 saving, in the same file, the conditions of
an electric current to be applied to the sample 203
and measurement data in one-to-one correspondence with
each other.
Furthermore, the computer 218 has a function of
20 calculating differences between a plurality of
obtained images to specify a magnetic field position,
and effectively displaying the contrast of that
portion. For example, the computer 218 performs
subtraction for images different in the value of
25 an electric current to be applied to the sample 203,

thereby specifying a portion where a change in the

magnetic field strength is large. 1In addition, the
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Also, the computer 218 measures a force image on
5 the basis of an output signal from the synchronous
detector 209 constructing the force measurement
system, and measures a force gradient image on the
basis of an output signal from the synchronous
detector 211 constructing the force gradient
10 measurement system (a display process and saving
process are included). The force image and the force
gradient image are high-frequency head images relating
to the magnetic force of a high-frequency magnetic
field generated by a magnetic recording-head. The
15 computer 218 selectively performs force measurement
and force gradient measurement by switching the
switches 208 and 2109,
The switch 219 collaborates with the switch 208
to switch signal input destinations in accordance with
20 whether to perform force measurement or force gradient
measurement.
(Conditions of Cantilever)
FIG. 11 is a view for explaining the conditions
of the cantilever.
25 To improve the spatial resolution during
measurements, as shown in FIG. 11, it is desirable to

set a vibration amplitude Acant in the direction of
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possible provided that the probe 201 does not hit the
surface of the sample 203. That is, the difference
between the square value of a distance h from the
surface of the sample 203 to the vibration center of
the cantilever 202 and the vibration amplitude Acant
of the cantilever 202 is desirably as close to 0 as
possible, that is,

2h - Acant = 0 e (1)
where, Acant < 2h

Note that the distance h can be adjusted by
moving the scanning piezoelectric element 204 in the
Z-axis direction (direction of height).

However, if the probe 201 is moved too close to
the surface of the sample 203 in order to improve the
spatial resolution (i.e., if an interval
(probe-to-sample distance) z between the sample 203
and the probe 201 is too small), the tip of
the probe 201 is attracted to the sample 203
(the probe-to-sample distance when this attraction
occurs changes in accordance with the material of
the sample 203 and the type of excitation field).
That is, if a Van der Walls force gradient acting on
the probe 201 becomes larger than the spring constant
of the cantilever 202, this cantilever 202 can no
longer support the probe 201. As a consequence, the

probe 201 jumps onto the surface of the sample 203 to

O-Y
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(KOGYO CHOSAKAI) 1992). Accordingly, a spring
constant kcant of the cantilever 202 is desirably
5 larger than the Van der Waals force gradient as
indicated by
kcant > 8 Fvdw/ 0 z .. (2)
where Fvdw is the Van der Waals force acting on the
probe 201, and z is the probe-to-sample distance.

10 In a dynamic mode in which a dynamic interaction
caused by a magnetic field is measured while the
cantilever 202 is vibrating, this dynamic interaction
is represented by the average of the probe 201 and the
magnetic force of the magnetic field at each point of

15 vibration (F.J. Giessibl, Physical Review B56 (19979
16010). Therefore, if the vibration amplitude Acant
is larger than an attenuation distance amag, a place
where the probe 201 does not interact with
the magnetic field exists, so no efficient measurement

20 can be performed. The "attenuation distance" is the
distance from the surface of the sample 203 to a point
at which the probe 202 does not interact with the
magnetic field any longer.

Accordingly, to further increase the efficiency

25 of detection of the dynamic interaction, it is
necessary to eliminate the place where the probe 201

does not interact with the magnetic field. 1In other
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-10% 10 dynamic interaction caused by the magnetic field, it
is necessary to set the vibration range of this probe
201 within the range from the surface of the sample

5 203 to the point at which the probe 201 does not

interact with the magnetic field any longer. To this
end, the vibration amplitude Acant of the cantilever
202 must be made smaller than the attenuation distance
amag of the magnetic field as indicated by

10 Acant < amag e (3)

Since the attenuation distance amag of the
magnetic field is about 50 nm, the vibration amplitude
Acant of the cantilever 202 is desirably set to less
than 50 nm.

15 When the cantilever 202 is set under the
conditions as described above, a high-frequency
response can be stably measured with high resolution.
(Measurement Method)

A measurement method of this embodiment will be

20 explained below with reference to FIG. 10 and a flow
chart in FIG. 12.

First, the sample 203 as a magnetic recording-
head to be measured is placed on a specific member to
be driven by the scanning piezoelectric element 204.

25 The sideband frequency om and the carrier

wave frequency wc of an AM signal to be generated

from the AM signhal generator 216 are set (step S501).
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(step S502).
5 In the above settings, the sideband frequency om
is set under the condition "wm << wr". In this case,

the sideband frequency wm is preferably set to be
1/10 the resonance frequency wr of the cantilever 202
or less. This is so because there is the limitation

10 in modulation theory and circuit configuration that
the maximum frequency of an AC component detected by
the phase sensitive detector 210 is approximately 1/10
the resonance frequency of the cantilever or less.

Also, the carrier wave frequency wc is set

15 to a value (a few MHz to GHz) higher than the
resonance frequency wr of the cantilever 202.
If measurement is performed by setting this carrier
wave frequency wc in the vicinity of the resonance
frequency or of the cantilever 202, the cantilever

20 202 itself stores energy acting on the probe 201.
This makes accurate image measurement impossible.
Furthermore, if the carrier wave frequency wc is set
to be smaller than the resonance frequency wr, no
high~frequency measurement can be performed any

25 longer.

Next, the cantilever 202 is set under the

conditions meeting expressions (1) to (3) above and
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vibrates, and the surface of the sample 203 is scanned
by the probe 201 while the relative positional
relationship between the probe 201 and the sample 203
are changed (step S503). During the scan, the

5 cantilever 202 is actuated at specified vibration
amplitude by applying a specific signal (e.g.,
a signal having a frequency close to the resonance
frequency wr of the cantilever 202) from the signal
generator 206 to the actuating piezoelectric

10 element 205.

Consequently, a dynamic interaction caused by

a magnetic field generated from the sample 203 acts on
the probe 201. More specifically, a force and force
gradient having a low-frequency AC component (om

15 component) act on the probe 201. This wm component
contains a high-frequency wc component. The value of
wm is much smaller than the resonance frequency of
the cantilever 202 and hence can be detected
relatively easily. Therefore, the high-frequency

20 magnetic field distribution of the sample 203 can be
measured by setting the value of the carrier wave
frequency wc at a few MHz to GHz. That is, the
high-frequency component (carrier wave component) of
the dynamic interaction acting on the probe 201 can be

25 measured by converting this high-frequency component
into the low-frequency component (sideband component).

The deflection detector 207 detects the force
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and force gradient as the deflection of the

cantilever 202. The computer 218 receives a signal of

a topographical image of the sample 203 from

the measurement system including the deflection

5 detector 207, the amplitude/DC voltage converter 212,

and the feedback circuit 213, thereby measuring this

topographical image. In addition, the computer 218

selectively measures the force image and force

gradient image by controlling the switches 208

10 and 219.

If the computer 218 connects the switch 208 to

the phase sensitive detector 210 (PD)

("PD" in step

S504), this phase sensitive detector 210 and the

synchronous detector 211 generate a signal of the

15 force gradient. If the computer 218 connects the

switch 208 to the synchronous detector 209 (SD) ("SD"

in step S504), this synchronous detector 209 generates

a signal of the force image.

The force gradient image signal generated by the

20 phase sensitive detector 210 and the synchronous

detector 211 is loaded into the computer 218 via the

switch 219 ("Gradient" in step S507).

The force image

signal generated by the synchronous detector 209 is

loaded into the computer 218 via the switch 219

25 ("Force image" in step S507).

The computer 218 measures the force gradient

image when loading the force gradient image signal
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As described above, this measuring device can
measure the topographical image of the sample 203 and
5 at the same time can selectively measure the force
image and the force gradient image. Also, by
switching the switches 208 and 219, a high-frequency
force image and force gradient image in the same field
of view can be compared under the same conditions.

10 Note that in high-frequency magnetic field
measurement, if the strength of the magnetic field
from the magnetic recording-head is too large, the
surface shape is influenced by this magnetic field.
When this is the case, the vibration frequency or

15 vibration amplitude of the cantilever 202 is
preferably controlled on the basis of the contrast of
the obtained surface shape. For example, the
vibration frequency of the cantilever 202 is shifted
from the resonance frequency or or the vibration

20 amplitude of the cantilever 202 is increased by
adjusting the actuating piezoelectric element 205 or
the signal generator 206. Accordingly, measurement
can be performed with the influence of the strong
magnetic field reduced.

25 In the measuring device of the fifth embodiment
described above, while the conditions of the

cantilever 202 are appropriately set,
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Lisy)Y 10%&f(%ﬁ@%%8%§£SééEmodulated, high-frequency electric
current is applied to a magnetic recording-head to be
measured, thereby generating a magnetic field. This
can realize measurement of a high-frequency response

5 with improved spatial resolution.

FIGS. 13A to 14C are graphs showing measurement
examples when a force gradient image and a force image
of a magnetic recording-head are measured using the
measuring device of the above embodiment.

10 FIG. 13A is a force gradient image as a
high-frequency head image obtained by the force
gradient measurement system of the measuring device of
the embodiment. FIGS. 13B and 13C depict line
profiles. As shown in FIG. 15, the magnetic

15 recording-head (sample 203) to be measured has a gap
51 between magnetic poles 50. Also, the value
(amplitude) of a signal current applied from the
current value monitor 17 to the sample is 20 mA.
Furthermore, the carrier wave frequency of

20 an AM signal for generating this signal current is
"wc = 2n X 10 MHz", and the sideband frequency of
this AM signal is "wm = 2x X 300 Hz". The operation
range of the probe 201 is "5 pum X 5 pm". A range 30
in FIG. 13A corresponds to the position of the gap 51

25 of the magnetic recording-head, meaning that a
high-frequency magnetic field is large in this

portion. FIG. 13B is a line profile (corresponding to
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a line 52 in FIG. 15) indicating that the magnetic
field is large in the vicinity of the gap position.
FIG. 13C is a line profile (corresponding to a line 53
in FIG. 15) indicating peaks 31 presumably generated
5 by the effect of loss by excess current on the edges
of the gap.
FIG. 14A is a force image as a high-frequency
head image obtained by the force measurement system of
the measuring device of the embodiment. FIGS. 14B and
10 14C depict line profiles (corresponding to the lines
52 and 53, respectively, in FI1G. 15). The magnetic
recording-head 203 to pe measured and the probe 201
are the same as in the measurement example in
FIGS. 13A to 13C. The measurement conditions are also
15 the same except that the sideband frequency of the AM
gignal is "om = ox X 47.2 kHz (= wr)". A range 40
in FIG. 14A corresponds to the gap position of the
magnetic recording-head, meaning that a high-frequency
magnetic field is large in this portion. FIG. 14B is
20 a line profile indicating that the magnetic field is
large in the vicinity of the gap position. A change
in the contrast is moderate compared to FIG. 13B,
indicating that the resolution is low. FIG. 14C shows
that there are no peaks 31, shown in FIG. 13C,
25 presumably generated by the effect of loss by

an excess current on the edges of the gap.

From the above measurement results, the force
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a high-frequency magnetic field generated from
5 a magnetic recording-head.

As described in detail above, the invention
expressed by the fifth embodiment can provide
a magnetic recording-head measuring device capable of
measuring a high~frequency response at high

10 sensitivity and high resolution.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments

15 shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit and scope of the general inventive concept as

defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A magnetic head measuring apparatus for
measuring a magnetic head, comprising:

a calibrating magnetic field generating source

5 which causes the magnetic head to generate a magnetic
field having a constant strength and frequency;

an electric current applying device which applies
an amplitude-modulated electric current whose
amplitude is modulated by a specified carrier wave

10 frequency and modulation frequency, to the magnetic
head from which the magnetic field is generated by the
calibrating magnetic field generating source; and

a magnetic head measuring device which measures a
high-frequency magnetic field generated from the

15 magnetic head by application of the
amplitude-modulated electric current from the electric
current applying device.

2. The apparatus according to claim 1, wherein
the magnetic head measuring device includes an

20 interchangeable magnetic material probe partially or
entirely made of a magnetic material.

3. The apparatus according to claim 1, wherein
the electric current applying device is capable of
applying a direct current.

25 4. The apparatus according to claim 1, wherein
the electric current applying device is capable of

applying an alternate current.
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5. The apparatus according to claim 1, wherein
the electric current applying device applies an
electric current having a current density of not more
than 10~8 A/cm?.

5 6. The apparatus according to claim 1, wherein
the calibrating magnetic field generating source
includes an annular conductor and is capable of
applying an electric current to the magnetic head.

7. The apparatus according to claim 1, wherein

10 the calibrating magnetic field generating source
includes a linear conductor and is capable of applying
an electric current to the magnetic head.

8. The apparatus according to claim 1, wherein
the calibrating magnetic field generating source is

15 capable of applying an electric current and from which
the magnitude of a magnetic field corresponding to the
applied current is capable of being estimated.

9. The apparatus according to claim 1, wherein
the calibrating magnetic field generating source

20 includes a magnetic head.

10. The apparatus according to claim 1, wherein
the calibrating magnetic field generating source is
capable of applying a direct current to the magnetic
head.

25 11. The apparatus according to claim 1, wherein
the calibrating magnetic field generating source is

capable of applying an alternate current to the
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magnetic head.

12. The apparatus according to claim 1, wherein
the calibrating magnetic field generating source
applies an electric current having a current density

5 of not more than 10~8 A/cm2.

13. The apparatus according to claim 1, further
comprising:

a direct current application source which applies
a direct current to the magnetic head;

10 a voltage measuring unit which measures a voltage
of the magnetic head to which the direct current is
applied by the direct current application source; and

a synchronous detector which synchronously
detects a specified frequency component of an output

15 voltage from the voltage measuring unit.

14. The apparatus according to claim 1, further
comprising:

an electric current application source which
applies to the magnetic head an electric current which

20 is a sum of a direct current and an alternate current;
and

a synchronous detector which synchronously
detects at a specified frequency a specific signal
output from the magnetic head measuring device.

25 15. A method of inspecting a magnetic head,
comprising:

setting the magnetic head;
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selecting an analysis item for which the magnetic
head is to be inspected;
applying to the magnetic head an
amplitude-modulated electric current whose amplitude
5 is modulated by a specified carrier wave frequency and
modulation frequency;
measuring, in accordance with the selected
analysis item, the magnetic head to which the
amplitude-modulated electric current is applied, by
10 using a high-frequency magnetic force microscope;
analyzing and evaluating data, obtained by the
measurement, of the magnetic head; and
determining success or failure of the magnetic
head on the basis of the evaluation result.
15 16. The method according to claim 15, further
comprising:
applying a constant current to the magnetic head;
and
measuring a voltage of the magnetic head to which
20 the constant current is applied.

17. The method according to claim 15, further
comprising synchronously detecting a specified
frequency component of an output voltage obtained by
the measurement.

25 18. The method according to claim 15, further
comprising exchanging probes for use in measurement of

the magnetic head.
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comprising calibrating measurement variations of the
magnetic head.

20. A magnetic recording-head measuring apparatus
5 for measuring a magnetic recording-head, comprising:
an electric current applying device which applies
to the magnetic recording-head an amplitude-modulated
electric current whose amplitude is modulated by a
specified carrier wave frequency and modulation
10 frequency;
a cantilever to which a probe having a magnetic
material is attached;
a vibrator which applies a vibration with
specified vibration amplitude to the cantilever; and
15 a measuring device which measures a dynamic
interaction which a magnetic field generated in the
magnetic recording-head by application of the
amplitude-modulated electric current from the electric
current applying means exerts on the probe vibrating,
20 wherein while the probe is scanned to measure the
dynamic interaction by the magnetic field, a vibration
range of the probe falls within a range from a surface
of the magnetic recording-head to a point at which the
probe does not interact with the magnetic field any
25 longer.
21. The apparatus according to claim 20, wherein

the vibration amplitude of the cantilever is less than
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50 nm.

22. The apparatus according to claim 20, wherein
a spring constant of the cantilever is larger than a
Van der Waals force gradient acting on the probe.

5 23. The apparatus according to claim 20, wherein
the vibrator is capable of adjusting at least one of
the vibration frequency and vibration amplitude of the
cantilever.

24. A method of measuring a magnetic recording-

10 head, comprising:

applying to the magnetic recording-head an
amplitude-modulated electric current whose amplitude
is modulated by a specified carrier wave frequency and
modulation frequency:;

15 applying a vibration with specified vibration
amplitude to a cantilever to which a probe having a
magnetic material is attached; and

measuring a dynamic interaction which a magnetic
field generated in the magnetic recording-head by

20 application of the amplitude~modulated electric
current exerts on the probe which vibrates together
with the cantilever,

wherein while the probe is scanned to measure the
dynamic interaction by the magnetic field, a vibration

25 range of the probe falls within a range from a surface
of the magnetic recording-head to a point at which the

probe does not interact with the magnetic field any
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50 nm.

5 26. The method according to claim 24, wherein a
spring constant of the cantilever is larger than a Van
der Waals force gradient acting on the probe.

27. The method according to claim 24, wherein at
least one of the vibration frequency and vibration

10 amplitude of the cantilever is adjusted.



