ZdNbre“Epecifically, a head slider is used on recording on or reproducing
fromthe magnetic recording nediumand is caused to fl oat above the
magneti c recording medi umduring the recording or the reproducing, with a
gap left between the nmagnetic recordi ng medi umand the head slider on the
order of submcron and to travel all over, the magnetic recordi ng medi um
Under the circunstances, when | arge protrusions or recessions are present
on a surface of the magnetic recording medium the recording or reproducing

often becones di fficul,}o Sléﬁ)ﬁéi%ﬂﬂgq sél%g)d ﬁg{ﬁégpf?a‘gge&eggssi ons. On

the other hand, the hea ide Wt otrusrons and, as a

result, may br14'<=_r:.|£a>zmqwh S #F U&%é}f&ﬁxfﬁiﬂ&‘%ﬂﬁ@%ﬁé | figgn &0t PEcOREDRY! C

recordi ng medium To this end, e surface roughness of the nagnetic
recordi ng medimé@ishe Wl Dies A0 &E o ISR dBov®@NROMREgRét €6 the magnetic
recording mediumis manufactured. This applies to a photonmask, a sem -
conduct or waf elecor@imp nsdidierd@iring tthe derdlinyg eslet tiné +Eproagochys
recording mediumis usually tested by a glide test and a certifying test so
as to investi gdtth tsheyagpuriefite betwgare ssheamagne t ivs wecardmmehedium and

characteristic of the magnetic recording nedium respectively. In any
event, such ghtheée headl Edrideyiagny thesarddn @il anbridxdn yamd deo otveavalwhol e
surface of the _magnetic recording nediumthat is very w de. 3 ,

all over the magnetic recording medium. Under the
circumstances, when large protrusions or receséions are
present on a'surface of the magnetic recording medium,
the recording or reproducing often becomes difficult at
positions of such protrusions and recessions. On the
other hand, the head slider may collide with the
protrusions and, as a result, may bring.about'destruction
of the head slider and the magnetic recording médium.

To this end, the surface roughness cf the
magnetic recording medium should be precisely tested or
monitored after the magnetic recording medium is
manufactured. This applies to a photomask, a semi-
conductor wafer, apd sO on.

. - Herein, it is to be noted that the magnetic
recording medium is usually'tested by a glide test and a
certifying test so as to investigate the sﬁrfcce
roughness and to insure a maénetic characteristic of the

" ‘magnetic recording'medium, respectively. In any event,
"% . such glide'aﬁd certifying tests should be quickly made
- "

over a whole surface of the magnetic recording medium

that is very wide. .



Pfhctiéblly, a wde surface, such as the surface of the magnetic recording
medi um can not be tested by using a probe for touching the surface froma
point to another point or a needle for measuring a tunnel current because
use of 'such a probe or a needle undesirably | engthens a test tine. Taking
this into consideration, a nethod for thg glide test has been proposed

whi ch uses a glide head including a head™slider and a piezo electric

el enent attached to the head slider. In this case, the glide head travels

above the surface of bacagNdhiC LeGRRLl UG FaUMe i d s, Shpueiae, an

el ectric signal which correspon t € Surface 'roughness 0 ghetic

recordi ng nmedsEm g8NmaRe®il 36 @,C}dfil}@”hkﬁium %Qﬁ HoCld ;e%teéga

g
However, it should be con5|dereg t hat "t he piezo electric ement 1Xsel f has

a size and a ¥eiAHt aVBireBed 8 rN@buttdhigditBke sut FaREP FrickP Wdiht hase of
the head slider. This neans that a flight state of the head slider does not

al ways faithfahbyheeppoeiant ox at abedok Fbe meakaddne af RanRANKUrrent
recordi ng medi um which nakes a nmeasurenent error large.. As a result, the
measur enent ebecauseeaseobfnegchgabpeobkenrt he npedle andeisirakdlyenent is
used. In addition, it is a recent trend that the head slider becones snal
in size. Therke¢ngbthenach &estatiimeead slider nakes it difficult to nount
the piezo electric el enent. 4 _

Taking this intc consideration, a method for the
glide test has been proposed which uses a glide head
including a head slider and a piezo electric element
‘attached to the head slider. In this case, the glide

' head travels above the surface of the magnetic recording
medium. With this structure, an electric signal which
corresponds to the surface roughness of the magnetic
recording medium can' be extracted from the piezo electric
element.

However, it should be considered that the piezo
electric element itself has a size and a weight which are
not negligible in comparisoﬁ with those of the head
slider. This means that a flight state of the head
slider does not always faithfully represent a staté of
the surface of the magnetic recording medium, which makes
a measurement errﬁr large. As a result, the measurement
error does not negligible when the biezo electric element
is used. |

In éddition, it is a recent trend that the head
slider becomes small in size. Therefore, such a small

head slider makes it difficult to mount the piezo

electric element.



AN al térnative method has been al so proposed which uses a glide head

I ncluding a head slider, a support armattached to the head slider to
support the head slider, and an acoustic em ssion (AE) sensor nounted on
the support arm Wth this structure, no problemtakes place as regards a
size and a weight of the acoustic em ssiop (AE) sensor because the AE
sensor is not directly attached to the head slider and is renote fromthe
head slider. However, a novenent or vibration of the head slider is

di I h h E her ef
oL, e L AP LU PR Tk Rebl oSBTl
Pl ot he B Becd % 1IBEME Mo BldMlo| & hORLUERIALY, 2 aToa0 M STen!

result of the A ensor r Nor e e cer as been al so

conduct ed by tél?gﬁ\b*ﬁoi o becdonbades uki ko S1188Eorh LEpEbERatpused i n

the glide test e head slider for the certifying test magneti ¢ head

for recordi ng rauh rEPLOSHLT H8A 1 A% 04 B4 O Sérﬂﬂ@éﬁoﬁn]gﬂﬁ)féeﬁhbgemgﬁﬂﬂ%h' c
recording medium In other words, the magnetic head for the certifying test

shoul d have r@:roriﬂieﬁgswmﬁbf'epaﬂducmgtﬁumis ogsructepel hhé p@eblemt is
readi ly understood that different head sliders should be prepared so as to
make the glideakes thlaoerds fyegardesd ssize anduamweygbt ofiethevention: |t
is an object of this inventionto provide a
acoustic emission (AE) sensor because the AE sensor is
not directly attached to the head slider and is remote
from the head slider.

However, a movement or vibration of the head
slider is indirectly transmitted through the supéort arnm
to the AE sensor.- Therefore; the vibration of the head
slider can not be faithfully transmitted to the AE
sensor. This means that a measurement error is included
in a measurement result of the AE. sensor.

Furthermore, the certifying test has been also
conducted by the use of a head slider which is different
from that used iﬁ the glide test. The head slider for
the'certifying test has a magnetic head for recording and

— reproducing information signals on or from the magnetic -
recording medium. In other.wo;ds,_the magnetic.head for
the certifying test shoﬁld have recording and reproducing
functions.

F?om this fact,'it is readily understood that

different head sliders should bé prepared so as to make

the glide and the certifying tests.



met hod “whi ch can qui ckly and faithfully detect a surface roughness of an
obj ect surface of an object on testing the object surface. It is another
object of this invention to provide a device which can quickly and
faithfully detect the surface roughness on testing the object surface and
which is small in size and light in weight. It is still anothér object of
this invention to provide a device of the type described, which can be used
in cormon to both a glide test and a certifying test. According to an

~aspect of this inventingmgr§u5§agﬁerfﬂggﬂgfgndetect|ng met hod conpri ses

the steps of preparing=a notfomomrt—whrth has—a nagnet oresi stive el enment,

preparing an object “hiﬁhigaénaoﬁyééécéfhéﬂiQgiﬁv§H£iBﬁetBOBQBQQ§% aoving
the notion unit along the surface to derive, through the nagnetore3|st|ve

el enent, an elpfsilidd whieR! chi qmcﬁlyeéﬁ&Gﬂai@hEﬁEﬁU&&@é@U QUQBQ@%%e and
detectlng t he surface roughness fromthe electric signal. Thus, the’
nagnetorelstumungﬂnﬁﬁﬁnoseanesbj@cdeéeﬁfaééeosuaﬁaﬁﬁjéeﬂgbﬂe$§sdah m ned
by protrusions, recessions, and damages formed on the surface. In addition,
t he magnet or ediledt ioksjetensnrfateo serves to determne a nmagnetic
characteristic of the object when it can detect a predeterm ned signa
recorded by a recordi nft hbaidanother /ekiecht nof t thimol heenti$pactooproviide

i nvention, a surface roughness detecting device is for use in detecting a
surface roughfedewifavibifhcean gybeislprang faithfully detect the

surface roughness on testing the object surface and which

is small in size and light in weight.

It is still another object of this invention to
provide a device of the type described, which can be used
in common to both a glide test and a certifying test.

According to an aspect of this invention, a
surface roughness detecting method comprises the steps of
p;eparing a motion unit which has a magnetoresistive
element, preparing an object which has a.surface having a
surface roughness, moving the motion unit along the
surface to derive, through the magnetoresistive element,
an electric signal which is related to the surface
roughness, and detecting the surface roughness from the
electric signal. Thus, the magnetoreistisve element
serves to detect the surface roughness determined by
protrusions, recessions, and damages formed on the '
surface. In addition, the magnetoresistive element also -
serves to determine a magnetic characteristic of the
‘object when it can detect a pfedetermined signal recorded

by a recording head.



oB]ectFLThe detecting device conprises a notion unit which is novabl e al ong
t he object surface and which includes a magnetoresistive el enment for

pi cking up an electric signal related to the surface roughness and an
electric circuit electrically coupled to the nagneto- resistive el enent for
detecting the surface roughness fron1theéglectric signal. Brief Description
of the Drawing: Figs. 1(A) and (B) show & perspective view and an enl ar ged
view for .use in describing a part of a surface roughness detecting device
according to this inv Loni. Fig. 2 .is.a sectional yigew which tially

enl arges the part enl ?%ée(grﬂunnq:%g? 2MEHNGT, FRRGTS b%gaggﬁ?fﬁﬂgeggéaﬁnegs
detecting devifif AUAOLAUMhided At DUV £ FOksqloveqt!on Fig. 3
is acircuit diagramfor Use 1 n descri'bihg an operatTton of thé surface

roughness det gdudid 148y £ Gl t#4ld I ighddbd 1dh #n Sbfect SHPYSCE éke%f or

describing a character- istic of the surface roughness detecting device

illustrated i @H(?iébt.Z; T Vetdidd dd9idd Qbnph LG d 04 HEEE£6H DLAYL MOVenent
of the head slider used in the surface roughness detecting device shown in

Fig. 2 7 Mihd.clb ishawpvabiy edXong afheirole] et rdvrfa@@can@bivriérd by the

novenent illustrated in Figs. 5(A) to (O; Fig. 7 shows a waveform of a

si gnal extractimgtludes a magnetoresistive element for picking up an
electric signal related to the surface roughness and an
electric circuit electrically éoupled to the magneto-
resistive element for detecting the surface roughness

from the electric signal.

Brief Description of the Drawing:

Figs. 1(A) and (B) show a perspective view and an
enlarged view for use in describing a part of a surface
roughness detecting device according to this invention;

Fig. 2 is a sectional view which partially
'enlarges the part enlarged in Fig. 1(B) to describe a
surface roughness detecting device according to a first
embodiment of this invention; |

Fig. 3 is a circuit diagram for use in describing

- an operation of the surface roughness detecting device
i1llustrated in Fig. 2;

Fig. 4 shows a view for deécribing a character-
istic of the surface roughness detecting device
illustrated in Fig. 2;

Figs. 5(A) to (C) show views.for describing
movement of the head slider used in the surface roughness

detecting device shown in Fig. 2;



fromthe electric signal shown in Fig. 6; Fig. 8 shows a view for use in
descri bing variations of the peak levels of the signal illustrated in Fig.
7; Fig. 9 shows a sectional view of a surface roughness detecting device
according to a second enbodi ment of this invention; Figs. 10(A) to (C show
views for describing novenent of the head slider used in the surface’
roughness detecting device illustrated id Fig. 9; Fig. 11 shows a waveform
for use in describing a signal obtained by the novenent illustrated in Fig.

10(A) to (C; Fig. 12 haracteristi th f hpe
de§ ez:ti(rjlg(d)evi clegi ||u§£§r§daﬁ$\°@{§%’a§{éf}# = a‘h%’i%u%*vgf‘g %&J‘?‘i‘ n;s Vi ew
f f . . g . o aent | of
Thi e ihvent oo DB H G i el S AR sl o o Bedok [k BEPREO RO ©

Figs. 1(A) anqcd(B), a surface roughness detecting device according to a
first enbodinent of this invention is for use in detecting a surface

roughness of a nmagnet iFag.ecoOrdlidis EHAVBESIMRIY a & tdcr FhSKed 1 as an
object to be detected, on 8 testing the magnetic disk 11. In particular,

the ill ustrat €domithec @ Vertgite s girileaihcwh davirkiey ssyvery suitable for
detecting a projection or a protrusion which appears on the magnetic disk
11, although this inv@ig.o8 shows a view for use in describing
variations of the peak levels of the signal illustrated
in Fig. 7;

Fig. 9 shows a sectional view of a surface
roughness detecting device according to a second
embodiment of this invention;

Figs. 10(A) to (C) show views for describing
movement of the heéd slider used in the surface roughness:
detecting device illustrated in Fig. 9;

Fig. 11 shows a waveform for use in describing a
signal obtained by the movement illustrated in Fig.. 10(A)
to (C); o -

Fig. 12 shows a chéracteristic of the surface
roughness detecting device illustrated in Fig. 9; and

Fig. 13 shows a sectional view of a surface
roughness detecting_device according to a ;hird
embodiment of this invention.

Description of the Preferred Embodiments:

Referring to Figs. 1(A) and 1(B), a surface
roughness detecting device according to a first |
embodiment of this invention is for use in detecting a
surface roughness of a maghet;c recording medium, namely,

a magnetic disk 11 as an object to be detected, on



iS not‘restricted to detection of the projection. The magnetic disk 11 is
pl aced on a rotation table 12 which is rotated around a center axis thereof
in a predeternmined direction depicted at an arrow head in Fig. 1(A). In the
il lustrated exanple, a glide head rests over the magnetic disk 11 and

I ncludes a head slider 13 as shown in Fig, 2(B), a suspension 14 for
supporting the head slider 13, a head nount nenber 15 attached to the
suspensi on 14, and a novenent nmechanism 16 for noving the head nmount nenber

15 in both f | ' , depi d,b : in Fi

1(n) | Speci i1 carty e neRRCHNBARL T SELKPLT, TaCBREERERARE. TR Lo 08 (e
Speci f i | _ Fessedt

Lovar ds the moamet Erarer S0cTare Feddnats, AALhEEPg SRS BP0 (e

novenent nechagii stadfe Sfothabtbbe1hgas €P8€$cﬂﬁaneér1§ p2BtRasTRRE dhnlidn
radi al direction of the magnetic disk 11. th this structure, when the

magneti c di sk adppe#rs cbmt €le OMaghet 1Ot @i s0N11 pbhetAdughord 1khe ndeh®dbnon
depicted at the arrow at a speed higher than a predetermn ned speed, the
head slider 13d |mot sreseritbedsusfaccectiohecofnghet peodeekidh.to trave
along the magnetic disk 11, by the virtue of an air flow caused to 9
occur between the surfEhe nigeéeicoedgheki bl diskpldceddon bBorbbationf ace of
the head slider 13. In addition, sinmultaneous nmovenent of the head nount
menber 15 al otk ¥hdorhichi i2crebated caround canpentent akbshhhergrfoin

a predetermined direction depicted at an arrow head in
Fig. 1(A).

In the illustrated example, a glide head rests
over the magnetic disk 11 and includes a head slider 13
as shown in Fig. 2(B), a suspension 14 for supporting the
head slider 13, a head mount member 15 attached to the
suspension 14, and a movement mechanism 16 for moving the
pead mount member 15 in both forward and backward
directions, as depicted by an arrow in Fig. 1(a).
Specificélly, the head slider 13 is forced to be pressed
towards the magnetic disk 14 by tﬁé suspension 14 so as
to impose suitable power towards the magnetic disk 11.
The head mount member 15 is supported by the movement
mechanism 16 so that the head mount member 15 can be
moved in a radial direction of the magnetic disk 11.

With this structure, when the magnetic disk 11 is
rotated on the rotation table 12 along the direction
depicted at the arrow at a speed higher than a
predetermined speed, the head slider 13 floﬁts over the
surface of the magnetic aisk 11 to travel along the

magnetic ‘disk 11, by the virtue of an air flow caused to



makes ft possible to nove the head slider 13 all over the surface of the
magnetic disk 11. Herein, it is to be noted that the rotation table 12 and
t he novenent nmechanism 16 are controlled by a control device (not shown).
In Fig. 1(B), the head slider 13 is attached or fixed to an end of the
suspension 14 and substantially has a regtangul ar shape defined by front
and back surfaces, upper and | ower surfaces, and side surfaces. As shown in
Fig. 1(B), a conposite magnetic head portion 20 is attached to the front

surface of thgcleddpaltwiein the Wifrfdde! e Al raRASId QIBONEL | fndiepd

portion 20 is adjacent to one of the side surfaces of the head slider 13-

and is thus bbatedmoBudFace & I dRSIsdaqelr tie head sdddefon 3. For
conveni ence of description, a conbination of the head slider 13 and the

conposi t e nageginud thgeduzomicveinesl Wi [thee hiedlide iottht Medtbex MIB i Zlondi t .
Referring to Fig. 2 together with Figs. 1(A) and 1(B), the conposite
magnet i ¢ headtper raddall dindatden duecitio tthebamyeientf mMdvchanisn albhed to
the end of the head slider 13 and a head unit 22 nounted on the ferrite
base 21. The mekeésuditt pEsildieudss maveartivep hedsl edrigle23 1 addzrawena ke ch
has an upper end, a |lower end, and an 10 intermedi ate portion between
t he upper andsgfacewetr éhgs mapmetdspddskndlof -t he anorphous core 23 is
fixed to the ferrite base 21 while the_ | ower end_of the anmorphous core 23

is very close to the H&F®dPi-cih 48 1P Beynpiedythat the rotation table

12 and the movement mechanism 16 are controlled by a
control device (not shown). |

In Fig. 1(B), the head slider 13 1is attached or
fixed to an end of the suspension 14 and substantially
has a rectangular shape defined by front and back
surfaces, upper and lower surfaces, and side surfaces.
As shown in Fig. 1(B), a combosite magnetic head portion-
20 is attached to thé front surfacé,of the head slider
13. The illustrated composite magnetic head portion 20
is adjacent to one of the side surfaces of the head
slider 13 and is thus biased on one side surface side of
the head slider 13. For qonven;ence of description, a-
combination of the head slider 13 and the cdmposite
magnetic head portion 20 will be referred to as a motion
unit.

Referring to Fig. 2 together with Figs. 1(A) and
1(B), the composite magnetic head portion 20 includes a
ferrite base 21 of Mn-Zn attached to the end of the head
slider 13 and a head unit 22 mounted on the ferrite-base
21. The head qnit 22 includes an amorphous core 23 of

CoZrNbTa which has an upper end, a lower end, and an



with the ferrite base 21 with a magnetic gap 24 left between the ferrite
base 21 and the | ower end of the anorphous core 23, as shown in Fig. 2. A
coil 25 for an inductive nagnetic head is wound around the anorphous core
23, as illustrated in Fig. 2, and may be conposed of a plurality of coi

| ayers. The coil 25 is electrically connected to a control circuit through
el ectrodes (not shown) of the coil 25 tolQ control circuit. The anor phous
core 23, the coil 25 and t he nagnetore3|st|ve el enent 26 are pl aced to
forma recorch éﬁ rtlon t hi.n an insul ator bl ock.o m 28 which is

conposed of [errt %rP?E 0% REHPTD TR YRRTT 1299, lée O%&he
i1l ustrated r%(istd'” HPAHROL L dpﬂf%ﬂedea%n%ﬂ&?y%wseg@gfstfg,égsago

pOI’tIOI’] In the exanp a nmagne esistrve nment

thin filmtypgHe éé}.fﬁtf‘é’ Wadd g tﬁ}ﬁf@%gﬁvﬁ?ﬁ &fla a9f { ﬁe eéxﬁ‘&%hﬁ&&

connected to the contr circuit, as wl strated ater

structure, it dorePassifd ardSy RS i3 dhe %:ﬁié’tié‘ed{@lgnfi OiRG! BALYE
el enent 26 and to forman inductive nagnetic ad by the anorphous core 23,

the magnetic gapR4hdfbifitd Bdse221 IWitHif nvpidt 14 hgap NBliciéye magnetic
head serves to wite an information signal into the magnetic disk 11. On

t he ot her handetmeen thedfextiitee bade 21 elmiretie ZYowesr semdl ofdthét h a bi as
magnetic field within the nagnetic gap and is operable as a

magnet or esi st MO nRRPVS Pt B p@Es ishowr in tRig. 2] mA yepelX 025 r€proanci ng
or reading an information signal fromthe magnetic disk 11. Therefore, .the
. magnet o- inductive magnetic head is wound around the amorphous

core 23, as illustrated in Fig. 2, and may be composed of

a plurality of coil layers. The coll 25 is electrically
connected to a control circuit through electrodes (not
shown) of the coil 25 to a control circuit. The

amorphous core 23, the coil 25, and the magnetoresistive
element 26 ére placed to form a recording head portion
within an insulator block or f£ilm 28 which is composed of
A1203 and which is attached to the ferrite base 21. The
1l1lustrated recording head péftion provides an inductive
magnetic head portion.

In the example illustrated, a magnetoresistive
element 26 of a thin film type ig located within the
magnetic gap 24 and is electrically connected to the
control circuit, as will be illustrated lgter. With
this structure, it is possible to méénetically shield
the magnetofesistive element 26 and to form an inductive
magnetic heéd by the amorphous core 23, .the magnetic
gap 24, and the coil 25. 1In this event, the inductive

magnetic head serves to write an information signal

into the magnetic disk 11. On the other hand, the



resistfve magneti c head portion nmay be referred to as a reproduci ng head
portion. At any rate, the reproducing head portion is incorporated with the
recordi ng head portion into the head unit 22. Herein, let the description
be made about the nmagnetoresistive element 26 of the thin filmtype in
detail. Sinply, the magnetoresistive eIeant 26 is operable to detect a
magnetic field generated from nagnetic poles of the magnetic disk 11 by
usi ng an ani sotropi c magnet oresi stance effect of a material, such as N -Co

al 1oy, N -Fe gl Alrdditsdibe o Wit 201 4 TARY FBONGLOK S31 1Axe ef f ect

may be defined as a phenonenon that electrical sistivity of a material is

varied in depeRdeRan dinoie B WM £ el et d &dp %@fi@%f&f&fpiécas
current and a direction of nagnetization. Referrihg to Fig. 3, the

ani sotropi ¢ g hRidire tXtd ST WA Alddrdt 1 IHedi® plascrob sk fOrtimiRetien
understanding of this invention. In Fig. 3, the illustrated
magnet or esi st itypeeferre tepfodic ine dihiredding tatp el mbsrmma tibgn es Dyesl st i ve
body 261 and el ectrodes 262 and 263 attached to both ends of the
magnet or esi st fwerbdde aggneltide Hgletldr esiBtenafdaly 1261 negnete— el ectri cal
resistivity (depicted at p ) and an axis of 12 easy nmgneti zation 26a
ext ended bet wE@sistdve amansidse Jgadgprertdianamedesrefrrredcte)@s ®f easy
magneti zati on crosses a nmagnetic field (depicted at H generated fromthe

magnet i ¢ di sk TEProfusimg.diead pagtign.y dtc angp | adfe i eeRFRAYCIBT I abl e

: . h
resistor is C%@%%FB%%t(gﬂM?g]fhé%rporated with the recording head

portion into the head unit 22.

Herein, let the description be made about the
magnetoresistive element 26 of the thin film type in
detail. Simply, the magnetoresistive element 26 is
operable to detect a magnetic field generated from
magnetic poles of the magnetic disk 11 by using an
anisotropic magnetoresistance effect of a material, such
as Ni-Co alloy, Ni-Fe alloy, or the like. The aniso-
tropic magnetoreéiétive effect may be defined as a
phenomenon that electrical resistivity of a material is
varied in dependency upon an angle between ; direction of
an electric current and a direction of magnetization.

Referring to Fig. 3, the anisotropic magneto-
resistance effect will be desdribed for a bettef
understanding of this invention. 1In Fig..3, the
illustrated magnetoresistive element 26 of the thin fiim
type has a magnetoresistive body 261 and electrodes 262
and 263 attached to both ends of the mégnetoresistive
body 261. The magnetoresistive body 261 has the

electrical resistivity (depicted at o ) and an axis of



el‘ectrodes 262 and 263 to supply a d.c. voltage v across the el ectrodes 262
and 263 and to cause the electric current (depicted at i) to flow through
t he magneto- resistive body 261. Under the circunstances, the voltage V
across the el ectrodes 262 and 263 is proportional to a product of the
electric current i and the electrical resjstivity [err] when the electric
current i is caused to flowin parallel ¥ th the axis of easy

magneti zati on. However, it is noted that the electrical resistivity pis
vari abl e i n dependenc on.t.he direction.of. the electric current.i_and
strengt h of t%%s%ﬁ'ﬁgﬁeg' |a§‘iidml-i(1i§3r Sé‘ﬁ'(? g&lda etq'B'eter?e téieec%ﬁcctrcciﬂ?sent .
Speci fically, dighacticonq Ji: & i i i rj I AV i e
di rection of tzﬁez e gc:irsi 2’ cur reé&ntsgiig'irﬁ%ttt ﬁ'g‘ten%g&r%estsg\r%séiags&i \f‘gdgg%é&/ t%"%lbn

accordance W pholRgsStr ﬁi&%iéthfg '#Me100qaepicteelad ) Hire s dhah the

variation of the magneticTie H brings about a variation of an angle

[err] betweenthie miignetliico@iek the ehegeriiesCwinalit Nt e .diwicmiai%w (M
of the magnetization in the magnetoresistive body 261. As a result, the
el ectrical resoalirce and al vagiiwble RFes2lsdbronst @cnhecir@ edtarddn Btie [err]

(1) 13 where [err] represents the electrical resistivity of the
magnet or esi st elechaddest R 62pandr 26§ woesuppiyla d@nd . eralltagenaxiannoss
vari ation amount of the electrical resistivity p FromEquation (1), it is
readi | y under theoélelkdirodes 262 and 263 and to cause the electric
current (depicted at i) to flow through the magneto-
resistivg body 261.
Under the circumstances, the voltage V across the
electrodes 262 and 263 is proportional to a product of
the electric current i and the electrical resistivity p
when the electric current i is caused to flow in parallel.
with the axis of easy magnetization. However, it is
noted that the electrical resistivity p is wvariable in
dependency upon the direction of the electric current i
and strength of the magnetic field H perpendicular to the
electric cﬁrrent i. Specifically, a direction (M) of
‘magnetization is varied relaﬁive to the direction of the
electric current i-in the magnetoresistive body 261 in
accordance with the strength of the magnetic field H.
This shows that the variation of the magnetic field H
brings about a variation of an angle 6 between the
direction of the electric current i and the direction (M)
of the magnetization in the magnetoresistive body 261.
As a result, the'electrical resistivity o is given in

relation to the angle & by:

p =04+ Ap n cos?G ' . (1)



tfe vafiation of the magnetic field H appears as the variation of the
electrical resistivity p which gives rise to the variation of the voltage
V. Therefore, it is possible to detect the variation of the magnetic field
H by nmeasuring or nonitoring the variation of the voltage V across the
nmagnet oresi stive body 261. Referring to kibg. 4, a curve Cl shows a

rel ation- ship between the strength of thé magnetic field H and the

el ectrical resiStivity p . As is apparent fromthe curve Cl, the electrical

resistivity p hecoge ?@ék?%ghwgeghg{elQ#QPPcéf grasuaL A LogRcefles he

magnetic field His pogl or negatively 1 ncrease

el ectri cal re&ha&}ﬁé’téfe@iéﬂi{réeb gn%pr Sht¥YRgohun2fil-dgpengds on the
strength of the nagnetic field H TTaking e above into con5|derat|on a

bi as magneti ¢ Ai gl d, Hb haxDiakt v&2Lhy1bAPARGEn 0oL henavgeEOr1Easi Sti Ve
body 261, as show®i n Fig. 4. The bias magnetic field Hb is selected at a
position of thesesigtvbevfXlyap wWhich the electrical resistivity pis greatly
varied. Herein, it is assuned that the magnetic field H of the magnetic
disk 11 is varied, as BhomnEgyaticur (k) C2it wis hreadiby asndegatood thakd Hb

i nposed on the magnetoresi stive body 261. In this case, the voltage V 14
across the el ddie dorelagbonnef 26ize inaamet tc gf ielkd by @Pp@@ﬁ&c@Sof—hehe
el ectric current i and the electrical resistivit is varied as shown by a

curve C3. ThuFaxiatinmfitheelectrifal neesdsginbri ey dPskwhichgipes
detected as the varjatl,on of 108 Y0895 val St &  Vinerefore, it is

possible to detect the variation of the magnetic field H
by measuring'or monitoring.the variation of the voltage V
across the magnetoresistive body 261. |

Referring to Fig. 4, a curve Cl shows a relation-
~ship between the strength of the magnetic field H and the
electrical resistivity p . As is apparent from the curve
Cl, the electrical resistivity o becomes a maximum when
H = 0 and is gradually reduced as the magneﬁic field H is
positively or negatively increased. Thus, the electrical
resistivity p in the ﬁagnetoresisiive body 261 depends
on the strength of the magnetic field H.

Taking the above into consideration, a bias
magnetic field Hb is practically imposed oh the magneto-
resisﬁive body 261, as shown in Fig. 4. The bias
magnetic field Hb is selected at a position of the curve
Cl at which the electrical resistivity o 1is greatly
varied. Hereiln, it is assumed that the magnetic field H
of the magnetic disk 11 is varied, as shown by a cﬁrve
C2, with the bias magnetic field Hb imposed on the

magnetoresistive body 261. In this case, the voltage V



t he mafnet oresi stive body 261 nmay be fornmed by a magnetoresistive film of
permal | oy which has a thickness of 30 nm As nentioned before, the
conposite nmagnetic head portion 20 illustrated in Fig. 2 is operable as
both the recordi ng magneti c head and the readi ng nagnetic head. This. neans
that the illustrated conposite magnetic ggad portion 20 is available for
both the glide test and the certifying test. In other words, both the glide
and the certifying tests can be executed by a single test or process when

t he conposi tea{@gﬁestit%@e eg@£$+€sn 22602 iaSél vlv:o%can under st andi ng of

this invention, ‘descrip- TTon W be ‘nede” a outlf éhc%ﬁt? @*% ¥elt. In

the certifyi ng::to%?&ct %ﬁ%@r@dfes‘grféf&{%%& S Gy Stﬂédéig%?{g?g?ﬁg a

recordi ng head on a nagnetic and 1s ereafter rea

magnet i ¢ di sk s @I RAAGHT pOT1 R YOI UL GRdwilaly SEQUeRFE. cTherpafiser, it
is judged by the use of the reproduced signal sedquence whether or not any

nmagneti ¢ def edhe MaynEEsetidny o Mdedgrilitic dise, 11 heahesd used for
the certifying test should have witing and reading functions, like in the

conposi t e nagdeitiectehdpalie cradihtiidnisif alted voltdge VY. Prddtieanlypt
both the glide and the certifying tests be made by the use of the conposite
magnet i ¢ head tber magmei®res s tslivey Ibodyr @bds may be iormackrity & sequence of
reference signals is at first successively recorded on the magnetic disk 11
as magnetoresistive film of permalloy which has a thickness

of 30 nm.

As mentioned before, the composite magnéﬁic head
portion 20 illustrated in Fig. 2 is operable as both the
recording magnetic head and the reading magnetic head.

This means that the illustrated composite magnetic head
portion 20 is available for both the glide test and the
certifying test. Iﬁ other words; both the glide and the
certifying tests can be executed by a single test or
process when £he composite magnetic head portion 20 is
used.

For an understanding of this invention, descrip-
tion will be made about the certifying test. 1In the
certifying test, a sequence of reference signals is
recorded by a recofding.head on a magnetic disk and is
;hereafter read out of the magnetic disk as a readout or
a repfoduced signal sequence. Thereafter, it 1is judged
by the use of the reproduced signal sequence whether or
not any magnetic defects afe present on thg magnetic
disk. Thus, the head used for the certifying test should

have writing and reading functions, like in the composite

magnetic head portion 20 illustrated in Fig. 2.



a’recofded reference si gnal sequence by using the inductive magnetic head
function of the conposite nagnetic head portion 20. Thereafter, the
recorded reference signal sequence is read out of the magnetic disk 11 as a
readout reference signal. sequence by using the readout magnetic function of
t he conposite nmagnetic head portion 20. ferring to Figs. 5(A) to (CQ, the
head slider 13 glides along the magnetic di sk 11 which has a protrusion 30
on the surface thereof. The head slider 13 travels along a flat portion of

the protsusi on %Be e Bt S%t%’%?%@?e“&ééq%? Sefhe i LR e T

passes the prefd fﬁ?j Ssaf e
magneti ¢ di sk 11 agal boip er the cér%né c%squfqﬁégis%f}ﬁée%a%t Ié"’lllg
reproduced refqy §Rce %ﬂfﬂ is read out of the magnetic disk 11 as

illustrated in Figs. 5(A) " to (C). Referrlng to Fig. 6, the reproduced

reference signal SeqUQﬂPQﬁi%(3¥éﬁﬁﬁﬂhf§éﬁﬁéﬂﬁéfﬁﬁﬂﬁﬁfékéhé¥‘éﬂgﬂ@ﬁg ige
head slider 13 glides along the surface of the magnetic disk 11 shown in

Figs. 5(A) toatOfirspeaddcessively oy dbif athe alafmsicke sd skl 1 Feasience
has a 16 reference level RL and an a.c. signal conmponent superposed on
the referencea eedorded Weflaxrdnme hearhadll isbrueki®d rwaising dvhe t he | at
portion of the magnetic disk 11, as illustrated in Fig. 5(A), the reference
| evel RL is kdpdugtdivengragngtdc head function of the composite

magnetic head portion 20. Thereafter, the recorded
reference signal sequence is read out of the magnetic
disk 11 as a readout reference signal sequence by using
the readout magnetic function of the composite magnetic
head portion 20. |

Referring to Figs. 5(A) to (C), the head slider
13 glides along the magnetic disk 11 which has a |
protrusion 30 on the surface thereof. The head slider 13
travels along a flat portion of the surface of the
magnetic disk 11, as shown in Fig. 5(A), and approaches
the protrusion 3Q, as shown in Fig. 5(B). Subsequently,
the head slider 13 passes the protrusion 30 and
thereafter runs along a flat portion of the magnetic disk
11 again. Under the circumstances, it is assumed that
the reproduced reference signal sequence is read out of
the magnetic disk 11 as illustrated in Figs. 5(aA) to (C).

Referring to Fig. 6, the reproddced'reference
signal sequence is:obtained.from the magnétic disk 11
when the head éiider 13 glides'alohg the surface of the
magnetic'diék 11 shown in Figs. 5(A) to (C). Specifi-

cally, the reproduced reference signal sequence has a



aﬁplitUdes of the reproduced reference signal sequence are not changed, as
depicted at ain Fig. 6. On the other hand, when the head slider 13
encounters the protrusion 30, as illustrated in Fig. 5(B), the reference

|l evel RL is raised up together with the a.c. signal conmponent, as depicted
at bin Fig. 6. As aresult, the referengg 1evel RL exhibits a peak P at a
portion of the protrusion 30 and specifi a dc. level. After the head
slider 13 passes the protrusion 30 and glides along the flat portion of the

magneti c di sk {e#extet}ﬁ':er glreé%\ea G, Iaq,lvdelantRla_rcet uri;q%cafb-fgl(:k%fﬁﬁjoﬁelp{ evi ous | evel

together with e a.c. conponent, ‘as de c ITn Fig. 6.
Referring to EJ ) iﬁgg% éﬁyga one is extracted as a
detection si griééﬂ%eal%(?%éehgr%h(}che% With e g'%?gﬁ g%/Ld erased fromthe a.c.
signal conponent and has 1% RGAK Hedd A ilddie 1P dlRfe Xl 194 Chhd he1 fead

slider 13 passes the protrusion 30. This neans that nonitoring the

detection sigpairtaRadic tHe riYnetlie @ElsCt1 1EXiaH e rasEexistenge of
protrusions but also to confirmwhether or not nagnetic defects are present

on t he magnet isdadi,skhbl.refiefdnie Neswdll RIcdis kepibtididiethdyd eawdi ng t he
a.c. signal conmponent and by leaving the d.c. level as the detection

si gnal . 17 appdditiudisls wf \when rteperaiiueiedu siedie réhde s iprmaib ssequende
circular configuration which has a height of about 30 nm and a di aneter of
about 50 nm &¥e detechangesd gl depisteds adxtar dax #Ldn Gel 4 dvheo the

protrusion 30 has been obtained which has a peak | evel between
other hand, when the head slider 13 encounters the

protrusion 30, as illustrated in Fig. 5(B), the reference
level RL is raised up together with the a.c. signal
component, as depicted at b in Fig. 6. As a result, the
reference level RL exhibits a peak P at a portion of the
protrusion 30 and specifies a d.c. level. After the head
slider 13 passes the protrusion 30 and glides along the
flat portion of the magnetic disk 11, the reference level
RL returns back to a previous level together with the
a.c. signal component, as depicted at c¢ in Fig. 6.
Referring to Fig. 7, the a.c. signal component
alone is extracted as a detection signal and reproduced
with the d.c. level erased from the a.c. signal componeﬁt
and has a peak P at a time inétant b at which the head
slider 13.passes the protrusion 30. This means that
monitoring the detection signal enables not only to
detect existence or nonexisténce of protrusions but also
to confirm whether or not magnetic defects are present on
the magnetic disk 11. Similar results can be obtained by
erasing the a.c. signal component and by leaving the d.c.

level as the detection signal.



séveral’ mV and several tens of mV. In addition, it has been confirmed that
the peak | evel of the detection signal is varied in dependency upon
relative velocities between the magnetic disk 11 and the head slider 13 and
upon a floating height of the head slider 13. Referring to Fig. 8, curves
Cl1l and Cl12 show rel ati onshi ps between tpf floating heights (mcronneter)
of the head slider 13 and the peak |evels of the detection signal. As shown
in Fig. 8 the floating heights and the peak | evels are taken along the

absci ssa and t he ordi @Qla%t(lfcaﬁil%ﬁ &hgheg_ﬂgc ir\b_‘i:; s Uhe ﬁe%g vels are

represented by relative val ues _ Specifically, when the relative
vel ocities bekyuB8RahiigaTR@Nedud ad TonklgaRdtlibe REAdns Hadela hdfpn pal to

5 msec and 6 nisec, the relation: ships between the floating helghts and
the peak | evehboate3ppas andd abvibh@tew vES abbhtaBd Gk, thRSERAIdMEIoh AS
are apparent fromthe curves Cl1 and Cl2, the peak | evels of the detection
signal beconeshigwadhehiche ikl extiragted dht xehatdon hioghhed prtdhidsion t he
peak | evel s becone high as the relative velocities increase. At any rate,
t he head sli daf h8si beest ohtadned wWhdch?haasnacpeak develobetmeenyl i de test

and the 18 certifying test sinultaneously by a single test. Referring to
Fig. 9, a conpeyeralmmiynandc seyggdadotensnofomiiccoda mgdid ipnseddndas
enbodi ment of this invention is simlar in structure to that - illustrated in

Fig. 2 exceptbefnt cPpéimmgfetbintsithei peaky dpupl of the detection

signal is varied in dependency upon relative velocities
between the magnetic disk 11 and the head slider 13 and
upon a floating height of the head slider 13.

Referring to Fig. 8, curves Cll and C12 show
relationships between the floating heights (micronmeter)
of the head slider 13 and the peak levels of the
detection signal. As shown in Fig. 8, the floating
heights and.the peak levels are taken along the abscissa
and the ordinate of Fig. 8, respectively.

The peak levels are represented by relative
values in Fig. 8. Specifically, when the relative
velocities betweeﬁ the magnetic disk 11 and the head
slider 13 are equal to 5 m/sec and 6 m/sec, phe relation-
ships between the floating heights and the peak levels
are specified by the curves Cll and Cl12, respectively.
As are apparent from the curves Cll and Cl2, the peak
levels of the detection signal become low when the
floating heighis become high. In addition, the peak
1;vels become high as the relative velocities increase.

‘At any rate, the head slider 13 illustrated in

Fig. 2 can carry out both the glide test and the



| 0cat ed outsi de of the magnetic gap 24 which is formed by the anorphous
core 23. In this connection, the magneto- resistive elenment 26 is

positi oned between the anorphous core 23 and the ferrite base 21 and is
buried within the insulator portion 28 to be fixed therein while the

anor phous core 23 is not attached to the ferrite base 21. Wth this
structure, it is possible to acconplish 18 operation simlar to that
illustrated in Fig. 2 because the conposite magneti c head portion 20 serves

bot h d | ik Fi t i sti
S emont b ey AL AR R andatan by K fing Ll TE cotrop ¢
t o- t f di
ooy o, o exanml Zﬂ% Y Y o 0 e Y n‘)%aﬂee'?i FLITT P
materials. Fu [floeTg r}fgt q_roesd %téc\éﬁ'ldalm %Tp| enent ed
ec

by a spin val ve type or ut| I'ze a gi ant nagnetore5|stance e

Referring to @d%énﬂEHﬂ”ié(%ﬁﬁ91afifﬂﬂﬁﬂﬂ&3ﬂifglﬂM“ﬂHhﬂ“éﬁIﬁbi@ﬁE@ﬁ'fn'ayer
is tested by the use of the head slider 13 illustrated in Figs. 2 and 9.

The illustrat gdgquizsldxtep 3 ias thd mmdtdresAt vddldnenti 26 £2

Intentionally forned.on the gl ass base by a 19 phot oet chi ng techni que
and may be calloeatedumtsdidk ofSute amgnetdrt igaml2pmtitelsion Sdrmed by
al so detected by the head slider 13 to which the conposite magnetic head
portion 20 il thet emcegphons-iaqpxre 23and Ih dhd satcoaoteszt; 1dn kethen magpete-
through 7. resistive element 26 is'positionéd between the amorphous
core 23 and the ferrite base 21 and is buriéd within the
insulator portion 28 to be fixed therein while the
amorphous core 23 is not attached to the ferrite base 21.

With this structure, it is possible to accomplish
an operation similar to that illustrated in Fig. 2
because the composite magnetic head portion 20 serves as
bpth recording and reading heads, like in Eig. 2.

The magnetoresistive eiement 26 may be composed
of a material which exhibits the anisotropic magneto-
resistance effect. Accordingly, permalloy may be
replaced by an alloy of, fdr example, Ni—Co,_Ni-Fe, or by
a stacked layer of different materials.. Furthermore, the
magnetoxesistive element 26 may be implemented by a spin
valve type or may utilize a giant maghetoresistance
effect.

Referring to Figs. IO(A) to (C), a substrate 31
which has no magnetic layer is tested by the use of the
head slider 13 illustrated in Figs. 2 and 9; The

illustrated substrate 31 has a glass base and a protru-

sion 32 intentionally formed on the glass base by a



Nbr e specifically, the head slider 13 with the conposite magnetic head
portion 20 glides along a flat portion of the bunp disk 31, as shown in"
Fig. 10(A), and approaches the intentional protrusion 32. Thereafter, the
head slider 13 floats above the intentional protru- sion 32, as shown in
Fig. 10(B) and passes the sane, as illu ated in Fig. 10(C). Referring to
Fig. 11, the conposite magnetic head portion 20 illustrated in Figs. 10(A):
to (C) produces a detection signal in a manner simlar to that illustrated

W th ref'eremﬁh&?ogigﬁgﬁgr %@h?x&_ Qe%infdi fn%g)r%tehtc*&eil%%t CYHp daal can be

obt ai ned by erasing el the "'eve € a.c. signal® conponent. The

detection sigggbnhas antentidnall P¥ehrisidn’an dahe e \alsd) adtiuh i agpt ant
| evel ¢ which are obtained ih the states illustrated in Figs. 10(A) to (O,

respectively.+h8 Rkl silider 13et¥akhakhe theveompodtitididayribtieakdayel p
like'in Fig. 7. As aresult, the intentional protrusion 32 is detected by

t he conposit epsrfgnohi 20h¢adugtrated 10 Figerdi2n@ando 9t kire iatwsidHel),
Practically, when the intentional protrusion 32 has a rectangul ar shape of
40 nm hi gh anlliké, 8A0Fhgsw 8e thirbulghs 7heen confirnmed that the detection
signal has the 20 peak | evel between several tens of [err] V and several
mvV. Referring to Fi g. MoZze speedf£ic2llyndt8e2headwsldiden didsmigs Bdteveen t he
floating heights of the head slider 13 and the peak | evels of the detection
signal s in coperEesiteomagnetdrabrad perddrn é9 pdimesn alipngp anflat

portion of the bump disk 31, as shown in Fig. 10(aA), and
approaches the intentional protrusion 32. Thereafter,
the head slider 13 floats above the intentional protru-
sion 32, as shown in Fig. 10(B) and passes the same, as
illustrated in Fig. 10(C).

Referring to Fig. 11, the composite magnetic head
portion 20 illustrated in Figs. I0(A) to (C) produces a
detection signal in a manner sim;lar to that illustrated
with reference to Figs. 6 and 7. Specifically, the

. detection signal can be obtained by erasing either the
d.c. level or the a.c. signal component. The detection
signal has a constant level a, a variable level b, and a
constant level ¢ which are obtained in the states
illustrated in Figs. 10{(A) to (C), respectively. 1In
- particular, the variable level b exhibits a peak level p

like in Fig. 7. As a result, the intentional protrusion
32 is detected by the composipe magnetic head portion 20
according to ;his invention.

Practically, when the intentional protrusion 32
has a rectangular shape of 40 nm high and 50,000 nm WIde,

it has been confirmed that the detection signal has the



di'sk 31 and the head slider 13. Specifically, when the relative velocity is
equal to 6 nisec, the relationship is varied in accordance with the curve
C21. Wen the relative velocity is increased to 7 misec, the relation- ship
is varied in accordance with the curve C22. Like in Fig. 8, the peak |levels
of the detection signal become |low as the floating heights beconme high.

Mor eover, the peak |evels becone high wid%h an increase of the relative
velocities. Referring to Fig. 13, a conposite magnetic head portion 20

di t icd di t of this i ti i | t t
and_oper at i onbeBR: kavEl BREFERNAevialyt B8 Cotok v m evarith A ot
| 36 is int 1 ' d
pratection fi1m sy | S earea i 8 Eueraker o EnESSAT au8 S Mblhe fead

slider 13 whi EElhEiéhEﬁib@dbEQ%(eﬂsthE?f‘iBQ'E%bCh@iiglﬁtjslofm%eb%gﬁgl may
h as pe eN),

be fornmed by a high perneability material, suc rmal oy (F

FeAl Si. Wth ghigest 18ChHEE tALSBeak! 1b5eR8SSiEDBet Aeee@ DI HgHdld dm
operation and characteristic, like in Figs. 2 and 9. 21 According to
inventors' expensi@arakishudifezelatifesvbesnitavedbetiveldhaitheh®ump

magnet oresi stive el enent serves to detect the surface roughness determ ned
by protrusi ondiskeBdsandnsheahgadt b2iddanages, Speed flkarl 1liyhe whizinedthed 0 be
detect ed does not generate any magnetic field. In other wrds, even when
only the reprovelathye velocity is equal to 6 m/sec, the relationship
is varied in accordance with the curve C21. When the
'relative velocity is increased td 7 m/sec, the relation-
ship is varied in accordance with'the curve C22.
Like in Fig. 8, the peak levels of the detecﬁipn
signal become low as the floating heights become high.
Moreover, the peak levels become high with an increase of
the relative velocities. :
Referring to Fig. 13, a composite magnetic head
portion 20 according to a third embodiment of this
invention 1is similar iﬁ structure and operation to that
illustrated in Figqg. 9 except that an intermediate layer
36 1s interposed between the base 21 and the head slider
13 and a protection film 37 is cocated on a surface of the
head unit 22 and the ﬁead slider 13 which is directed
towards the magnetic disk 11. The base 21 may be formed
by a high permeability material, such as permalloy
(FeNi), Fealsi.
With this structure also, it is possible to

accomplish similar operation and characteristic, like in

Figs. 2 and 9.



head whi ch includes the magnet oresi stive elenent is arranged in the head
unit 22, the surface roughness can be detected by the magnetoresistive.

el ement. The reason can not be precisely analyzed for the tine being.
However, the inventors have now supposed that a nechani- cal shock is given
to the magnetoresistive elenment 26 and i% sonmewhat deforned while the
magnet oresi stive el ement passes protrusi hs or recessions and that such

def ormati on brings about an inverse nagnetostrictive effect and gives rise

to a variation of a C%Uc%’]{dﬂi‘@a&% ii%v%%‘t%?:%ﬁte%aige%éﬁ'}{t%ﬁg'Eés&fjheaﬁ, At

magnet or esi stive el enent. _ I'tiron, anot upposi ti on

mechani cal shggk Waiesh found F%ﬁ&hqhgpgg.g@%?gégﬂggiqﬁégﬁgmeﬂ

‘converted into thermal energy may bri about a variation o

el ectrical regbsbied by et ANeS Furdiice GG hMsLladtharnBiEetyy esi stive
el ement and which may result in the variation of the current flow ng

through the npgeerasasns, toctsyTons, lahyddthete Hamadias ClEventwhdn Gtheé S
caused to flow through the nagnetoresistive elenent is varied or changed
during passagebdbectheopbel Qetiertedoidoesc @dti generate? Ankalnayndthics i nto
consi deration, the nmagneto- resistive elenent 26 al one may be included in
t he head unit fieldet edn othen words,f ayen vhgmnendy Rhemndproduringit is

readi |y understood that the object to be detected nmay not al ways generate a
magnetic fiel beav\hwhécbhiimm ithe magnetoepdstiaen edemanthdd i n

conjunction wth a few enbodi pents thereof, it wll be =
arranged in the head unit 22, the surface roughness can

‘be detected by the magnetoresistive element. The reason -
caﬁ not be precisely analyzed for the time being.

.  However, the inventors have now supposed that a mechani-
cal shock is given to the magnetoreéistive element 26 and

is somewhat deformed while the magnetoresistive -element
passes protrusions or recessions and Lhat such
deformation brings about an 1nve£se magnetostrictive
effect and gives rise to alvariation of a current which
is caused to flow through the magnetoresistive element.

. In addition, another supposition is that the mechanical
shock which is given to the magnetoresistive element is
converted into thermal energy which may bring about a
variation of electrical resistivity and an anisotropic
consiant of the magnetoresistive element and which may
result in the variation of the current flowing through
the magnetoresistive element.

In any e&ent; the current which is caused to flow
through the magnetoresistive element is varied or changed

during passage of the protrusions or recessions.



readi Iy understood for those skilled in the art to put this invention into
practice in various other manners. For exanple, this invention nmay be used
to detect recessions or damages on a surface of an object. The object may
be al so a photomask substrate, a sem conductor wafer, such as a silicon
wafer, or the like. At any rate, the nagg;toresistive element is small in
size and light in weight, which enables reduction of a size in a '
conposite magnetic head portion and faithful detection of protrusions,

recessi ons, and darragelsaklieg Itt 0 d hientroabjceoci,}si e#%gféggrﬁ%tﬁg%g%#g_e and the

certifying tests can be si aneousTy carri t he

COmpOSi t e MOGEI G 1AM DA 20 AEA Hip 8O R Byddyelki ORe nead

Consequent |y, "a testing process is renmarkably sinp serves to

save | abor fornial hd eidddeomyd the sipftddeyifhdinsdss. Ffom this M 23
WHAT IS CLAIMED 1S: 1. A surface roughness detecting nethod conprising the

steps of : pregaidu)g & N ¥hdily WHiisitvisd AHRINERST&5) 61 Veoebenent ;

preparing an object which has-a surface having a surface roughness; noving

said notion uddteditad) gt haurdlpeeyd gamrate 4 mangdht Sai flield.

magnet oresi stive el enent, an electric signal which is related to said

surface roughness; and&hile this invention has thus far been described
in conjunction with a few embodiments thereof, it will be
readily understood for.those skilled in the art to put
this invention into practice in various other manners.
For example, this invehtion may be used to detect
recessions or damages on a surface of an object. The
object may be also a photomask substrate, a semiconductor
wafer, such as a silicon wafer, or the like.

At any rate, the magneloresistive element is

small in size and light in weight, which enables a
reduction of a size in a composite magnetic head portion
and faithful detection of protrusions, recessions, and
damages left on the object. Furthermore, the glide and
the certifying tests can be simultaneously carried out by
the use of the composite magnetic head portion 20
according to this invention. Consequently, a testing

process 1is remarkably simplified, which serves to save

labor for both the glide and the certifying tests.



détecting said surface roughness fromsaid electric signal. 2. A surface
roughness detecting nethod as clainmed in claim1, wherein sﬁmlltm"ml" “m |ﬁ“
magneti c recording medium 3. A surface roughness detecting

claimed in claimi1, wherein said object is a sem conductor wafef. 4. "A ¢ *
surface roughness detecting nethod as clainmed in claim1, wherein said

obj ect is a photomask blank. 5. A surfad3 roughness detecting nethod as
claimed in claim1l, wherein said magnetoresistive elenment is of a thin film
type. 6. A surface roughness detecting nethod as clainmed in claima1,

further conprising the steps of: 24 preparing a nmagnetic recording

medi um as sai j egt; oviding said notion unit which conprises a head
uni t operable‘%%i'g'P gghcﬁR&5§8r5F%g head and a reproduci ng head including

sai d magnetoresistive,el egent. putting-said recordi head.into an active

state to record a preéétegﬁfﬁgagfgfg?gﬁﬁge Fgﬁ&ge8ﬁgggi8eg§§ eti c recording
medi um and r55%§@y§i9§ §ﬁgdseg§ge5§[nined ref erence signal as -a reproduced
signal from sald magnéefi ¢ recortling medi um by driving said reproduci ng head

i ncluded in the nntiogrgaggihg B RdYEEnSah it eWRSER! fasi gnal and to detect

magnetoresistive element;

preparing_an object which has a surface haVing a
surface roughness; |

moving said motion unit along said éurface to
derive, through said magnetoresistive element, an
electric signal which is related to said surface
roughness; and

detecting said surface roughness from said
electric signal.

2. A surface roughness detecting method as
claimed in claim 1, wherein.said'object is a magnetic
recording medium.

3. A surface roughness detecting method as
claimed in claim 1, wherein said object is a
semiconductor wafer. |

4. A surface roughness detecting method as
claimed in claim 1, wherein said object is a photomask
blank. |

5. A surface roughness detectin§ method.as
claimed in claim 1, wherein said magnetoresistive element

~is of a thin film type.

6. A surface roughness detecting method as

claimed in claim 1, further comprising the steps of:



detecting device for use in detecting a surface roughness onj
surface of an object, said detecting device conprising: a not# i S
i s nmovabl e al ong said object surface and which includes a magnet oresistive
el ement for picking up an electric signal related to said surface
roughness; and an electric circuit elect%qcaJIy coupled to said

magnet oresi stive el enent for detecting the surface roughness from said

el ectric signal. 8. A _surfage roughness detecting device as clained in
claim 7, wherein sai dPFEPRSHInE MAGRGLIS FecRT AeHWhiath 3 udes
sai d nagnetorgghg%%ye el ement arranged so that said surface roughness is
detect ed; and "a head slider attached to said head unit for noving
said head unit alon ' I5f : u r s. det.ecting
device as cl ai ned i% E’Pgl"%gjéﬁgv\ﬁe%lrig‘l %%ggf’g 8@]12'0% ?‘s%%a rralll'%nmgteslsecs ?aechoeréaé ng
medi um 10. f hpes t act. ' ' | | ,

wher ei n sai dAuhggfj' g%?fagg%prai%sgg?ﬁagr gggrggia%\ébﬁgg%%pgrlﬁ gq\ﬂﬁ%ﬁ@n%}%des a
core and a cOhka@O¥id1aBened sadadmaghetoReb?BRAPECiNGrRaAd portion which is
adj acent to said recording head portion and which includes said
magnet or esi stive el enputtifagdsaid recording head into an active state

the surface roughness fromsaid electric signal. 7. A surface roumﬁness llm

to record a predetermined reference signal on said
magnetic recording medium; and

reproducing said predetermined reference signal
as a reproduced signal from said magnetic recording
medium by driving said reproducing head included in the
motion unit to produce s#id electric signal and to detect
the surface roughness from said electric signal.

7. A suiface roughness detecting device for use
in detecting a surface roughness on an object surface of
an object, said detecting'device comprising:

a motion unit which }s moﬁable along said object
surface and which includes é magnetoresistive element for
picking up an electric signal related to sald surface
roughness; and

an electric circuit electrically coupled to said
magnetoresistive element for detecting ﬁhe surface
roughness from said electric signal. |

8. A surface roughness detecting device as
claimed in claim 7, wherein said motion unit comprises:

a head unit which includes said magnetoresistive
element arranged so that said surface roughness is

detected; and



an electric circuit connected to said recording head portio [

repr oduci ng head portion for selectively putting said recorEI:i'ﬂﬂ“e”WlMi”"l '”"l
reproduci ng head portions into active states and to record artd rreptodwuces a *
predet erm ned signal on and from said nagnetic recordi ng medi um

respectively. 11. A surface roughness defecting device as clained in claim
10, wherein said core of the recording d portion has a nagnetic gap
directed towards said magnetic recording nedium said nmagnetoresistive

el ement being | ocated within [ to.f sal r.aduci.ng head
portion. 12. A surfacgwrhc?%g r?égéi% e%g'é'tal%r}\lf%&?\ﬂ %@qéis?%aal ﬁ‘l&?‘ r?%’f ai m 10,
wherein said o] l3S &l S t7 Al a t | d head slider
and said coreﬂtagtﬂflgr %1%3(%3 e%?p?&%ﬁ%r}gh%egg%ptg%gie%ﬁi ié 13. A surface
roughness detecting dgvicq &% FHadedughnesd BefectifiFfidtvdid ag '
magnet oresi stive el enent conprises: a rmagnetoresistive filmwhich has an
ani sotropi ¢ nggagheaeinstaadm &f,f Ghleredn @418 objeaty P dgait, and
both end surfaces transverse to the axis of easy nagnetization; and el enent
el ectrodes foreedrdfingameéddane.surfaces of the magnetoresistive filmand
connected to said electric circuit. 14. A surface roughness detecting

devi ce as clained in &¢Pai mMAl3nniaeceecroughnesesl detteict ing deviice as

claimed in claim 9, wherein said heéd unit'comprises:
a recording head portion which includes a core
and a coil wound around said core;
| a reproducing head portion which is adjacent to
said recording head portion and which includes said
magnetoresistive element; and
an electric circuit connected to said recording
i head portion and said reproducing head portion for
" selectively putting said recbrding and said reproducing
head portions into active states and to record and
reproduce a predetermined signal on and from said
magnetic recording medium, respectively.
i11. A su:face roughness detecting device as
claimed in claim 10, wherein said core of the recording
head portion has a magnetic gap directed towards said
magnetic recording.medium;
said magnetoresistive element being located
within said gap to form said réproducing head portion.
12. A surface roughhess detecting device as
claimed in claim 10, wherein said magnetoresistive |
element is located between said head slider and said core

to form said reproducing head portio'n7



C%nprhées: a voltage source for supplying a bias voltage acr {
el ectrodes of the magnetoresistive film and a vol tage variﬁmﬂggl j amiglﬂ_

circuit for detecting the electric signal related to the sur

26

13. A surface roughness detecting device as
claimed in claim 8, wherein said magnetoresistive element
comprises:

a magnetoresistive film which has an anisotropic
magnetoresistance effect, an axis of easy magnetizatipn,
and both end surfaces transverse to the axis of easy
magnetization; and

element electrodes fofmed on said end surfaces of
the magnetoresistive film and connected to said electric
cifcuit.

14. A surface roughness detecting device as
claimed in claim 13, wherein said electric circuit
comprises:

! a voltage.source for supplying a bias voltage
across the elément electrodes of the magnetoresistive
film; and

a voltage v#riation detecting circuit for
detecting the electric signal related to the surface

roughness.



