1 SURFACE -1 NSPECTI ON METHOD AND SURFACE | NSPECTI ON APPARATUS TECHNI CAL —
FI ELD [ 0001] 5The present invention relates to a surface iﬂﬁMﬂﬁﬂﬂ“ﬂﬂﬂMthod

‘and 'a surface inspection apparatus. Priority is clainmed

Pat ent Application No. 2012-015712, filed January 27, 2012, thesgontent of

which is incorporated herein by reference. 10 BACK

GREUND-ART-{0002] —
Foreign matter adhering to surfac i n f, for e | e,
sem conduc tSeHRER ErI%I,SP Ei%NfME%Hgﬁ%gﬁ{%E%MWWTP%&P%M%M es,
~and the like is a cause of manufacturing defects. Accordingly, it is
absol utely necessary to inspect the 15surface thereof to determ ne whet her

or not thg‘Q?EQM9$L#ﬁﬂ%§ceptable, and to elucidate the cause when defects
occur. [0 g n order to performsuch inspections at high speed, a

commonl y congggfjed procedure is to irradiate the surface of an inspection
subject with Iight of a laser or the like, receive 20the scattered light or
diffragted |Tighpreseanthventichiielatéy tolavietac€ idpatios hdfodiida serEfeeGhspection

apparatus.
Priority is claimed on Japanese Patent Application No. 2012-015712, filed January 27,

2012, the content of which is incorporated herein by reference.

10 BACKGROUND ART

[0002]
Foreign matter adhering to surfaces during manufacture of, for example,
semiconductor wafers, media for hard disk drives (HDD), media substrates, and the like
is a cause of manufacturing defects. Accordingly, it is absolutely necessary to inspect the
15  surface thereof to determine whether or not the product is acceptable, and to elucidate the
cause when defects occur.
[0003]
In order to perform such inspections at high speed, a commonly conducted procedure
is to irradiate the surface of an inspection subject with light of a laser or the like, receive
20  the scattered light or diffracted light, and conduct arithmetic processing with respect to
the intensity of the received light signals (see Patent Documents 1-3).
[0004]
Specifically, the following Patent Document 1 discloses a surface inspection
apparatus which concentrically scans the surface of a rotating wafer while scanning the
25  surface of the wafer with laser light, and which detects the scattered light of laser light
stemming from foreign matter and the like adhering to the surface of this wafer (see Fig.
1).
[0005] -
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the intensity of the received |ight signals (see Patent Docunents 1-3).
[0004] Specifically, the followi ng Patent Docunent 1 discloses a surface
‘i nspection apparatus which concentrically scans the surface of a rotating
waf er while scanning the 25 surface of,the wafer with | aser |ight, and

whi ch detects the scattered Iight of Ié%er light stenm ng fromforeign
matter and the | i ke adhering to the surface of thls waf er (see Fi 1).
[ooos5] 2 On éw ther hepdhatpe fllnaving RateroPpeiipen 2phsceres parairdin ‘2}“%? 8 oses
a met hod in
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I nspecti og,, meeﬁ‘l‘adﬁd’té(figé %nbt:ﬁ 4 é 41(‘3?% bjpﬁat d§at bi) q {Ellyls S GhV d by
ot e e et e A S

mul tiple -receiving erent "I nci ent es WA
respect tgpf 1)?!‘&%&1@8(?13% ‘;nutltlﬂﬁe 'hgﬁtpﬁ:ﬁél'vﬁ &%@Ja?&tfferéﬁ* iftident BghrehpRd w1th
adherlng condi tion of t foreign nmatter on the inspection %ubject i's

deterny neéespéa%l tiRNsuirfiGe BF BRONEPRASH SibjédieWailiotRtSet@bd,| dddbling esRditicdotdy t he
respective light-receiving units (see &lg ). In addition, this Patent

Docunent thesfoadigsmiatiat ori the inspedtidaniibjecgihide@ngined bdsadi omght brcg)omcms @f ¢hear e
approximately 2 to 300 . 10[ 0006] On the ot her hand, Patent Docunent 3
di scl osesampantsofiéight reseinekbyn theabspenitee laght segci ving unies eee Eigofl).dn afdigignct i on
subject is detected fromthe intensity of reflected light when the surface
of the indpedlatesh Rasyment 2 %tafsb|thaju@r=yni>1f1?r§dhé1te@&}ﬁ5t AUnngs BHS |PIRASES akend

t hat protrusions ses in the surface of the inspection subject are
det ect ed PPHHFT@?%Y@r?é?@hce fringes of the reflected |ight. [0007]
Fbmeveé qﬁbg6ng to the aforenenti oned conventional surface inspection
met hods, h it is possible to perform high-speed detection of the

presence or " ORSANGE R hafld! PLERIBRALRTS ARNE BT HAC Brellncd b AIRBRRI 60N

SUbj ect, een | I'TpOSSI e to determ ne
surface defects of an inspection subject is detected from the intensity of reflected light

when the surface of the inspection subject is obliquely irradiated with laser light, and that
protrusions or recesses in the surface of the inspection subject are detected from
15 interference fringes of the reflected light.

[0007]

However, according to the aforementioned conventional surface inspection methods,
although it is possible to perform high-speed detection of the presence or absence of a
foreign matter on the surface of an inspection subject, it has been impossible to determine

20  how the foreign matter adheres to the surface of the inspection subject.

[0008]

For example, in the case where foreign matter only lightly adheres to the surface of a '
wafer, it would be possible to remove the foreign matter by rewashing the wafer. On the
other hand, in the case where foreign matter adheres to the surface of a wafer with an

25 intermediate degree of strength, the foreign matter could be removed by wiping the
surface of the wafer. Furthermore, in the case where foreign matter strongly adheres to
the surface of a wafer; the foreign matter could be removed by repolishing the surface of
the wafer.

[0009]



20 how the foreign matter adheres to the surface of the inspection subject.

[0008] For exanple, in the case where foreign matter only lightly
‘adheres to the surface of a wafer, it would be possible to renove the
foreign matter by rewashing the waf er . t he other hand, in the case where

foreign matter adheres to the surface of a wafer with an 25 interrredi ate

degree of strength, the foreign matter could be renpoved hy w p qq t he
surface of tHVa&heWith the rferemsntioner conygntionak wﬁ%cﬁemﬁnﬁcamgﬁn%? Sedt 18
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i npossi bl %s%&:t]gﬁts% gine with what degree of strength the foreign matter
adheres to the surface of an inspection subject. 5[0010] Pat ent Docunent
1: Japsnese [ppeKam ned Patent Application, First Publication No. HO6-082376
Pat ent Docunent 2: Japanese Unexam ned Patent Application, First

Publ i cat i on INoent HidduR242 V- aparae ehiexﬂﬁﬂwdmatenﬁApﬁhmmﬁsﬁlriﬂrmnbanémmd\lﬁ%at ent
Application, First Publication No. HL0-132535 DI SCLOSURE OF | NVENTI ON
PROBLEMS HOOBEB28( VED BY THE | NVENTI ON 15[ 0011]

Patent Document 2: Japanese Unexamined Patent Application, First Publication No.
H10-221270 |
10 Patent Document 3: Japanese Unexamined Patent Application, First Publication No.

H10-132535

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

15 [0011]
The present invention has been proposed in light of these previous circumstances, and
its object is to provide a surface inspection method and a surface inspection apparatus
which enable rapid and appropriate discrimination of adhering conditions of foreign

matter on the surface of an inspection subject.

20
MEANS FOR SOLVING THE PROBLEM

[0012]
The present invention provides the following means.
(1) A surface inspection method for inspecting a surface of an inspection subject
25  having a specular surface, including:
a step in which the surface of the aforementioned inspection subject is irradiated with

light from an oblique direction;



The present invention has been proposed in |ight of these previous
circunstances, and its object is to provide a surface inspection nethod and
“a surface inspection apparatus which enable rapid and appropriate

di scrim nation of adhering conditions of foreign matter on the surface of
an inspection subject. 20 MEANS FOR SOLVI NG THE PROBLEM [ 0012] The present

i nvention provides hh% follomﬁng_ fac ection

nmeans. . (1& A SL}I ins
met hod for ih¥pR& MhFbamedsuremeat it condurtsd of the Bitenslineddt ﬁ?@ﬁ‘g\}‘igﬁ'g tis
| f i | udi . t i ich th f th
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l'ight that issEseMhahidlymbfuk&riRds 8bndudRdStT thé@x‘ite&fityté}escétftéfé&iﬁgﬂtf{hﬁi‘%d
i nspection subject; a step in which neasurement is conducted of the

i nt ensj t yiredgukeBirefeqed by gltaférbmbntiched athérgubasigrymaedrt ect ed by the
af orenenti oned adhering foreign matter; and a step i1 n which an adhering
condi ti on ofantlh® sfepr i ghichedn edhemtecandgionooft the fowifmaeatet atthering to the
af orenmentioned i nspection subject is determ ned based on neasurenent
resul ts f surfacgeofi the efieremyntiined Hasperidore Arnedt s datetinined desesldon imypasuremant | s
regularly reflected, and the intensity of the afaqorenentioned scattered
|i ght t hatesplds fortheintensity of dhg afopeapentioned diffracteblightrthatds regidaberaflstiedet hod
according t 1), abov rein _the, adheri strength of fofei matter
2dner | ng. e bR T FReupERLanees hee hisd st b etliredl 112
det er m, ned. 3 -SUr e | ect i on or“{y t % (2)
above,% wher e(12?1 Te{l_(r? %uﬁfgpgéﬁ egtn& g{e([)}?;a! i%cﬁf‘ﬂ?ﬁ% IE|?)gar adi a gp r(l)r% %(a eer&?ur face
of the af gf&IRNrORRG RERRF IRV R B sinFacelor B8R HordBifioRdf inpe&idnnan 90
W th respect to the surface of the aforenentioned i nspection subject.
subject is determined.
(3) The surface inspection method according to (1) or (2) above, wherein an incident
angle of light that is radiated onto the surface of the aforementioned inspection subject is
15 30° or more and less than 90° with respect to the surface of the aforementioned
inspection subject.
(4) The surface inspection method according to any one of (1) to (3) above, wherein
an angle of the aforementioned diffracted light that is incident upon a light-receiving unit
when diffracted light is received by the aforementioned light-receiving unit is equal to an
20  incident angle of light that is radiated onto the surface of the aforementioned inspection
subject.
(5) The surface inspection method according to any one of (1) to (4) above, wherein
an angle of the aforementioned scattered light that is incident upon a light-receiving unit
- when scattered light is received by the aforementioned light-receiving unit is 30° or less
25  with respect to the surface of the aforementioned inspection subject.
(6) The surface inspection method according to any one of (1) to (5) above, wherein
an angle of the aforementioned scattered light that is incident upon a light-receiving unit

when scattered light is received by the aforementioned light-receiving unit is 2 © or more

and 30° or less with respect to the surface of the aforementioned inspection subject.



(4) The surface inspection nethod according to any one of (1) to (3) above,
wherein an angle of the aforenentioned diffracted light that is incident
upon' a light-receiving unit when diffracted light is received by the
aforenmentioned light-receiving unit is ;qual to an 20 incident angle of
light that is radiated onto the surface of the aforenentioned inspection
subj ect . §&% The surface inspection nethod according to any one of (1)
to (4) above) dheswifrcedpspestiomsthodpecerdmedasny ioanef (Hdatbrakaye vhereint hat

is incident upon a |ight-recejvjng.uni.t en scattered ljght.is received b
Lhe. af or olsr Refas dpdnt FEBERiAD s RotarqtlSRe GF A& ot oremepBoted o 1 p
surface of . af ntioned i nspecti on subject. 6) The surface
inspectioﬁmkgﬁﬁﬁéggﬁggrding to anS one of (1& to (5) agobe, wherei n an

angl e of th 82&95 SRR iﬂﬁa%gtiérf‘ﬂateih%g%l@fcghgﬁ_ttotaﬁgtoné of gﬁgw?ﬂéebo‘&?%h&ein :
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l'ight-receiving unit whern scattere i's recelve arorenenti oned
l'i ght - § ecelieVdubfBicdIbf 4 diki canstifting@h&afBRhABoRdd in§Fetivh bilbjé@ SRSt Wk
surface of the aforenmentioned Inspection subject. 5 (7) The surface

i nspect i otighethlxdsd ralisted dntoghé surfuey odthes dikk (skrhdially 6&hned)aw @ condiieive wheteaser
light is used as the light that is radiated onto the surface of the

af or enent theradaremes pewsd; disk is ndtpted taround a ceBfralBxés. sur f ace i nspecti on net hod
according to any one of (1) to (7%§aboye, wherein 5 the surface of a disk
const i t ut i ng 9 Kesuafase inppegtion ApRaralis fecispastisg jecvrtace of as pspectignibieet | i ght
that is radi.ated onio t he sur{ ce of this disk is radially scanned, in a
condi t i on W88 & SPHE' LAY PeCt'OH®d disk is rotated around a central axis.

(9) Agurt ace i BoPeahl.ahe RO Wiiol SEabiARESHE! QrRCoP L AGSrcRlenfinea

A . c. S acg.
i nspection subj Specular “sur ¢ ACrdi Ry:

irradiatie LCD:al 1 { f of the aforenentioned
inspectio%g£%§?§§?$efﬁﬂn*pgﬁﬁhﬁégﬁpggﬁgﬁﬁ%%ﬁéﬁdirection; a first |ight

neasuring meafRst v@ﬁmeﬁaﬁngﬂe&mﬁ&hfcﬁmg W18k ideN @it thecRbMos ditdkact ed
light that is diffracted by adhering foreign matter anong light that is

regul ar | y lighf theit diffratted Be adhuringdereitin thiteer ahmong might thanis dedulaperetieasd at

subj ect, and which neasures the intensity of 15the diffracted light that is
recei ved Ibhe subfase Of thhiafarementianed inspedtion subjacts emdwdlichimgdusuree dsliniengjtynefans
which has a |light-receiving unit that receives scattered light that is

i rreghf ar the dilffackas;leght Pipt iseceayedrtantbistlighheaselvingaitiig f orei gn natter, and
whi ch neasures the jntensity of the s%gttﬁred |.ight that is received by
this Iight- % S8$Adn glgnme,asunng means which has a light-receiving unit that receives

scattered light that is irregularly reflected by the aforementioned adhering foreign matter,
and which measures the intensity of the scattered light that is received by this
light-receiving unit;

20 and a determining means which determines adhering condition of a foreign matter
adhering to the surface of the aforementioned inspection subject based on the
measurement results of the intensity of the diffracted light measured by the
aforementioned first light measuring means, and the intensity of the scattered light
measured by the aforementioned second light measuring means.

25 (10) The surface inspection apparatus according to (9) above, wherein the
aforementioned determining means determines the adhering strength of a foreign matter
adhering to the surface of the aforementioned inspection subject.

(11) The surface inspection apparatus according to (9) or (10) above, wherein an

incident angle of light that is irradiated onto the surface of the aforementioned inspection



20and a determ ning nmeans which determ nes adhering condition of a foreign
matter adhering to the surface of the aforenentioned inspection subject
“based on the neasurenent results of the intensity of the diffracted |ight
measured by the aforenentioned first |ight measuring neans, and the
intensity of the scattered |ight nmeasured by the aforenentioned second

RN e R T B e R
adheri ng stﬁens%thtof a forei ) tter tadh Lin tto t he tsurface of the
af or ement OHEERSRLG ARG 45 Cgﬁgfgg?o.remen((’ff mﬁRgc Y 8EE- i nspecti on appar at us

according t r . {N i el l-4 gh at is
i rradi at ed 8%? g)rth esugfl%%)f ac &\(glﬁnt %%1 gr%c%g%(%%h(ggg% ﬁggggﬁgg# (%gs%lﬁvg’ct
fromthe afieresirent hppedof i tafblemdfididdndifffRaBd light 308t Q€ HBUEtAFod &SS
than 90 with respect to the surface of the aforenentioned inspection

subj ecs. light-fedd¥inghammgurdiame diffedeast i 19t apparedtived abgotil Ngfotetheatiynene of
(9) to (11) above, wherein an angle of the aforenentioned diffracted |ight
that is i hightdentivimgomitob thd gloremedioned igstulight miéesnridg nicaas tiedqbdlghtan s
recei ved by the aforenentioned |ight-receiving unit of the aforenentioned
first |igkncidmbsnelengl theatight shagdsandiatedapntp ndi dewfacernyl e offoramentippgst t hat
is radiated onto the surface of the aforenenti oned inspection subject.

(13) The #MFPFEA8 sUPEPlecti on apparatus according to any one of (9) to (12)
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af or ement LRREHeAHIHRE SLAtRREdSIH: §€ teceived by A afd?em St InaE §ichREC IOt of
appar atus according to any one of (9) to (13) above, 1§ wherein an angl e

of the af gecaRAr @itRdeE cadonarigmht lh@Rhriideahs i BOP d@MbssURAR @spect to the
| i ght-receiving unit when scattered light is received by the aforenenti oned

| i ght - r eceunface@ftind dfo@inehtienedlfinspeorsd subjred second | i ght nmeasuring nmeans is
2 or nore and 30 or less with respect to the surface of the aforenentioned
i nspecti on si¥) dbe surface inspadion Tapparatysf aecerding peeny one afp@) 40 (b3)adwoedi ng
to any one of (9) to (14%1 above, 20 wherein the aforenentioned |ight
i rradiati Aderan iapglsdphitbe dfaementipagde seattarete lighhridatedt iiBpidenti HBPE i on
object with |aser.|ight. (16% The .surface inspection apparat us
accor di ngthlght'%?ﬁ?v’dlﬁeq‘lf‘ﬁt (ghen oSE t%")egaﬂgy‘é, 15 offp ‘?’gqengy a hot deTBHARoNEhns
whi ch rot %t Ef—re% 1g{n%k untCoF lglie:talf(grie%%nﬁgneed%fe%necpﬁ ti Qa%g Il‘l n?ffé%gé %sofb grugbﬁ(:t
around a an ra? axl s, and a scanni ng neans 1 C I’alal% y scans |Iget

and 30° or less with respect to the surface of the aforementioned inspection subject.

(15) The surface inspection apparatus according to any one of (9) to (14) above,

20  wherein the aforementioned light irradiating means irradiates the surface of the
aforementioned inspection object with laser light.

(16) The surface inspection apparatus according to any one of (9) to (15) above,
comprising a rotational means which rotates a disk constituting the aforementioned
inspection subject around a central axis, and a scanning means which radially scans light

25  that is radiated onto the surface of the aforementioned disk.

(17) A method of manufacture of a magnetic recording medium substrate, including a

step in which the surface of a magnetic recording medium substrate is inspected using the

surface inspection method according to any one of (1) to (8) above.

(18) A method of manufacture of a magnetic recording medium, including a step in



25that is radiated onto the surface of the aforenentioned disk. (17) A
met hod of manufacture of a magnetic recording medi um substrate, including a
“step’ in which the surface of a magnetic recording medi um substrate is

t nspected using the surface inspection fyrethod according to any one of (1)
to (8) above (18) A nmet hod of manufacture of a magnetic recording

medi um in 7 which the surface af a nggnetlc rec rd|n

di t
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014]
| Fig. 1 is a schematic view illustrating forms and adhering conditions of a foreign
matter adhering to the surface of an inspection subject, as well as the intensity of
15  diffracted light, the intensity of scattered light, and the adhering strength of the foreign
matter in the respéctive condition.
Fig. 2 is a schematic view which shows the conﬁguration of a surface inspection
apparatus that is employed in the present invention.
Fig. 3 is a scanning microscope photograph of a foreign matter particle K, when the
20  intensity of diffracted light D and the intensity of scattered light S resembling the
condition shown in Fig. 1(a) are obtained.
'Fig. 4 is a scanning microscope photograph of foreign matter K, when the intensity of
diffracted light D and the intensity of scattered light S resembling the condition shown in
Fig. 1(b) are obtained.
25 Fig. 5 is a scanning microscope photograph of foreign matter K, when the intensity of
diffracted light D and the intensity of scattered light S resembling the condition shown in
Fig. 1(c) are obtained.

Fig. 6 is a scanning microscope photograph of foreign matter K, when the intensity of



Fig. 3 is a scanning m croscope photograph of a foreign matter particle K,
when the 20intensity of diffracted light D and the intensity of scattered
‘light S resenbling the condition shown in Fig. 1(a) are obtai ned. Fig. 4
S a scanning m croscope photograph of gorei gn matter K, when the intensity
of diffracted light D and the intensity of scattered light S resenbling the
condition _shown [.n Fig.. 1(h) are obtained, 25Fig. 5. is_a scanning )

m cr oscop8if ﬁ?f?%bglgdh%%‘i“ JrEngY tereqlighinprrSempblingthe sendifion shows iy act ed
light D aEd tlpgi intlgnsi y of scattered light S resenbling the condition
shown i n Fi& ‘& @5°%F8°btai ned. Fig. 6 is a scanning mcroscope phot ograph

of foreign t . i i f L Efracteds Ll ght: he
intensity o;ﬁ g'c‘g{staelgrc%%m ﬁ? ‘g"f‘m%géd"?ggg‘?fﬁ%ﬁg 0{ Eogelg%l)frllﬁ i foﬂﬁ%1 ﬁ%\j\!/ln% ‘P@ngﬂg‘.’ft 1(9)
are obtai ; i i : i \; i gn
mattor K o B e e B R R o Rl ¢
scat t e edFid. g{H) afe swsi@edl i ng the condition shown in 5Fig. 1(h) are

obt ai ned. Fig. 8 is a schematic view which shows the configuration of a
surface i nspgégt Bos aagrhemati ¢l siemo i ¢hs shogvsathe aloafigmtdn we ansirfanel isspsctiomni ng
means. PREFERRED EMBCDI MENTS 10[ 0015] Preferred exanples of the surface
i nspect i oAPPAsAtADEPTAPESIRGIR feietéonahmsanstand e sappaRgmgensappl yi ng t he present
invention are described belowin detail with reference to drawi ngs. The
present invention is not limted to these exanples. Mdifications and
additions may be carried out _w ities, positions, sizes,
nuneri cal val ues and the |.k8w%wﬁ§({%@§ﬂggﬁﬁ§ does not depart from

t he ip(sent O[BOH}e i nvention. [0016]

Preferred examples of the surface inspection method and surface inspection apparatus
applying the present invention are described below in detail with reference to drawings.
The present invention is not limited to these examples. Modifications and additions may
be carried out with respect to quantities, positions, sizes, numerical values and the like

15 withina scopé that does not depart from the intent of the invention.

[0016]

The present invention relates to a surface inspection method and a surface inspection
apparatus for inspecting the surface of an inspection subject having a specular surface
such as, for example, a semiconductor wafer, hard disk drive (HDD) media, or a media

20  substrate.

The surface inspection method applying the present invention is a method which
inspects the surface of an inspection subject having a specular surface, and which
includes: a step in which the surface of an inspection subject is irradiated with light from
an oblique direction; a step in which measurement is conducted of the intensity of

25  diffracted light that is diffracted by adhering foreign matter among light that is regularly
reflected by foreign matter adhering to the surface of the inspection subject; a step in
which measurement is conducted of the intensity of scattered light that is irregularly
(diffusely) reflected by adhering foreign matter; and a step in which adhering condition

of a foreign matter adhering to the surface of the inspection subject is determined based



The present invention relates to a surface inspection nethod and a surface
|nspect|on apparatus for inspecting the surface of an inspection subject
‘havi'ng a specul ar surface such as, for exanple, a semiconductor wafer, hard
di sk drive (HDD) nedia, or a medi a 20substrate. The surface inspection
nmet hod applying the present invention i's a method which inspects the
surface of an inspection subject having a specul ar. surface, and which

i ncl udes: °8 rs-%tﬁ Orf ﬁl%ﬁrrewetlmf SarpigREtOr! dFTacRdplehtithy is tr?ﬁ%ty yedlected,

di at d t di t t whi ch
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reflected by fo ter ering ace o e i nSpection

subj ect; gg Ftnatfér‘e@'tﬁéhsu?ﬁ@é %lﬁ@f? it uﬂgedcﬁ’}“ﬂtécdegﬂ:qu WHigh tHEtf%fb? halbr

scattered l'ight that is |rregu arly (drffusely) reflected by adhering

forei gn nadieRing ta Mk surflc€Bad Suniih®hthaiipedtive subjedi frbMnth®burfaceAh&bEtHERL t er
adhering to the surface of the inspection subject is determ ned based 9 on
resul t s ofjuamag hsopsitsinking ineo thetirsmpsttion wbjedi felatiave tte chel engibdty bhthle foreign
regularly reflected, and the intensity of scattered light that is

i rregul ar mattegf petheahape or the fore otiﬂ@sémlgts peattef sushtdsghe degrdpef flamess efengt h”
signifies the strength_of adherence of forergn matter to the surface, which
i s j udged theyforgign Pre@at aihgras dp thenrurfage.dn gdditient cadhsring)penditien tsigrfies

L
enti r%y ﬂL %o@gg{l]% g‘legrthzﬂaad%g{e%g Uie tsr.t&? c%h%ﬁ)(?]lor 1%Q%f ﬂ(l)fi P acetaqga ofgltheeI gn

matter suc ree o ness by gn adheres to

t he surfaggﬂmhqmadgakhq ﬁw@gB§6fﬁQﬁ&%¥gﬂhga9" signifies the shape and the

node of the adhering foreign nmatter Ing the degree of flatness of 10
the foreign {ter that adheres to the surface, and the size of the surface
area of the bottomface and/or top face side of the foreign matter. [0017]
Here, as i nspee} asifsgdtipreaibiectOdumbiitutihg 6bjeod jof fispedtifoniof sHigsitiednindEntidig
present invention, one may cite, for exanple, sem conductor wafers

(seni condeot onays giist fat esimpléiDipntiSondedion Watergnetinecondedon suigstmated), HDDedi a
substrates (magnetic recording nedia substrates), and the |ike. [0018]
Thesel3di skedifa@agngficariasording siseia amedia r fubgteatesTHmagnetic jracarfiagp medint

i nvention, as neasu t is conducted of the intensity of diffracted Iight
that is d??Q$%m¥Edn%§F§@:adhering foreign matter anong light that is
regularly reﬁ@ggked on the surface of the inspection subject, and the
intensity of tered light that is irregularly reflected by this adhering

foreign mattface lgiel %a@@&??agﬂ{e Xr%d %ﬁ?hfap%&%c% 1 iSRG e [pFe%Qﬂttlﬁ en%‘d

itself of the 1 nspection ore e I’nspection su jec at is

the obj ectydaburbeRe st lc@rﬂlu‘éfedt be 1R eeRtityl B AiadRd Pigh ahably dalfgscied By face
which is a planar and specul ar surface g

20  adhering foreign matter among light that is regularly reflected on the surface of the
inspection subject, and the intensity of scattered light that is irregularly reflected by this
adhering foreign matter, it is necessary to eliminate influence from the surface itself of
the inspection subject. Therefore, the inspection subject that is the object of inspectien of
the present invention preferably has a surface which 1s a planar and specular surface that

25  does not generate diffused (scattered) reflection and diffraction.

[0019]
With respect to the surface of an inspection subject having this type of planar and
specular surface, when measuring the intensity of diffracted light that is diffracted by

adhering foreign matter, in addition to a method which measures the intensity of the



25does not generate diffused (scattered) reflection and diffraction. [0019]
Wth respect to the surface of an inspection subject having this type of
‘pl arfar and specul ar surface, when neasuring the intensity of diffracted
tight that is diffracted by adhering f%ei gn matter, in addition to a

met hod whi ch neasures the intensity of the 10 diffracted light itself, it

iLs also paossible to use a nethod which conputes the intensity of diffracted
[ight froff fweteihghﬁ' issliott iy algp PassRle f psect tsthod yheh campytes die iglcasitt tlere i s

Sur  ace oRFREe RebdRrRs @acﬁf%?feff‘e%gfa%?f%?%%e%%%e# b o Eﬁfa'ﬂ}%ﬁféﬁﬁzé’ bt “eh
Cur  ace. of g0 SRR e 8 ok tyoh it Rincbdothy B iy of Bl kA, "¢

conput € 't Bgy;bdtighibdickd Wy Mefl fobd %&iarﬂe},gzmenﬁétmg fREn@hLBN AL DB hhffsS
regularly réeflected light. [0020] Here, Fig. (a)-(d) "and (f)-(h)

exenpl 51y régaitd¥s AfidcRdsr thedsizRioelidfi e Snecthidt Shtgect, ®thnaktRsulKiagheis ng to

a surface H of an inspection subject. Fig. 1(e) illustrates the condition
where no bossiblgrm cabpue thHe iattheityesf diffradel light fliane thd attenaation rd plee régmiarly
subj ect . The intensities of diffracted light, the intensities of

scat t er edréflegted lighhd t he adhering strengths of foreign matter shown in Fig.
1 are schematic figures that show typical relations of relative
intensity/stl98%%th (or their trends) based on experimental results.

S g S G R S S
01190, RS D) TSRS Ll BB pRTIRE L 7P

there are Gagfsn WEkSol threich R0 adttr G th e sﬁﬁ'fa@é‘gl]e‘oﬁdnqlf&%:r%@tiicﬁl éu%fegﬁct ihg”

20subj ect, and cases where It Is not sunken. [002 exanp

bel ow descr i PiedintékRics Bf ABrheed aht, e Mieritict R seletNgcht| Aiethe SURéage) of
an Ni P-plated alum num all oy substrate for hard disk (inspection subject).

For exanpltengths bhdoregmemahar shopal i Figigl dits schemasideguess dnad shew oypiealf | xed
to a polished )
relations of relative intensity/strength (or their trends) based on experimental results.

15 [0021]

Fig. 1 (a)-(d) and (f)-(h) exemplify ideal forms of foreign matter K adhering to the
surface H of an inspection subject, and actual foreign matter K will not necessarily have
such ideal shapes. With respect to foreign matter K adhering to the surface H of an
inspection subject, there are cases where it is sunken into the surface H of this inspection

20 subject, and cases where it is not sunken.

[0022]
For example, the below-described foreign matter may exist on the polished face
(surface) of an NiP-plated aluminum alloy substrate for hard disk (inspection subject).
For example, in the case where polishing dust re-adheres and becomes fixed to a polished
25  face, or in the case where polishing grains pierce and become fixed to a polished face,
foreign matter may become incorporated into the NiP film, causing swelling on the
‘surface of the plated film at that site, and the swelling may remain on the polished face.
In the case where some of the foreign matter that have been incorporated into the

NiP-plated film are manifested as protrusions on the polished face, abnormal grain



25 face, or in the case where polishing grains pierce and becone fixed to a
polished face, foreign matter may becone incorporated into the NP film
‘causting swelling on the surface of the plated filmat that site, and the
swelling may remain on the polished fagge. In the case where sone of the
foreign matter that have been incorporated into the NiP-plated filmare
mani f ested as_protrusi ons aon_the polished face, abnornal %rain 11 growth
may occur Siavth Feasnpesup itk thedN T -plated fHmcstricBire. .44 Ay ghyievisertp Eotrysions on

pr ot rusi ons OT‘%QF golished face. [0023] Fig. 1(a) shows the condition
where a sBﬁﬂ%’f g8+ ei gn matter K lightly adheres to a 5 surface H of an
i nspection ﬁﬁB% ct. The condition shown in this Fig. 1(a) occurs when, for
exanpl e, poli'shi'’ng materi-al or polishing dust that arises during specul ar

pol i shing of gL N5 WdwACHe 'E’px?cfiti@ﬁ‘Jhﬁl%pﬁﬁﬁﬂeﬂl’:‘al%Hﬁ&gﬁpﬁla&&rl@iligﬁtly_Qdﬁéi‘é‘s Py face

H due to insufficient washing, or in the case where atnospheric dust

adher es t qurithte IS bf Ardmepddtioh siject] TisP@mUditivn shoWwhee this FROPA) odlewhéig fot her
hand, Figs. 1(b), (c), and (d) show, in this order, conditions of

i ncr easi ngxanpiey poighmigrmeatgtidl cvfpofighing dust nidt taeiseskdwathigespecidart o lishiag ofitieace H
of an inspection subject as it gradually becones nore enbedded. The states
shown i n swgans Heof an ifspyctiohepbjeainemadt)s acihasurfaes Halug i insuffvdient wasipoei t y
particles having a high degree of hardness are incorporated into the

i nspect i oAT BUBF ase, wherelatmpspherisudust gdhseaste Hesyrfaemid of thednsnegdomsibi®t. duri ng
pol i shi ng of h? surface H of the inspection subject; or when foreign
matter is ind %brated into the plating liquid during plating of the

SurT 268, T b AEGFAL R I 55t 0 Ty oG9 g e

the p I'mcausli gurtace

| nspecti o Qdﬁé%m%hesﬁteh W 5 makQ4e %hhg'gl olthe sieleH AR hnsﬁ-bcgion Lubjecshows

the condition ere forelgn matter does not adhere to the surface H of an

i nspect i 0Rs §UkhRGIyY bbEbrAdiEnsRBIIGEE TRB stalsRA6Wh AR tHe8S Pigt 10), @Y anBF@ECt | ON
subj ect corresponds to an acceptabl e product based on this condition, the

condi ti ongcalroier exarhple, athen eifutity padickdsghavif@)a- high déepéed ofilHardi@ss are

consi dered to be unacceptabl e products. 25[0026] However, with respect
to the comatiorpayated harerthe mnspection]ub)ect,t dndrtbe ampucyspstiviee camiot baoahdvdse
possi bl e to obtain an acceptable product if the inspection subject were
rewashéd doringpelighing ef thy surfase hiof dhe spayiionHabehar whandioreign mattespect to
the states shown in Fi%. % (b),ang éc), there are cases mherg i.t would be
possi bl e tug:o&ﬁr%tpﬁ mtq the plating liqud during plating of the surface H of the inspection

subject, and this foreign matter is taken into the plating film, causing new crystal growth
in the surface H of the inspection subject; and so on.
[0025]

20 On the other hand, Fig. 1(e) shows the condition where foreign matter K does not
adhere to the surface H of an inspection subject. In the case where an inspection result of
an inspecﬁon subject corresponds to an acceptable product based on this condition, the
conditions shown in' the aforementioned Fig. 1(a)-(d) would all be considered to be
unacceptable products.

25 [0026]

However, with respect to the condition shown in Fig. 1(a), there are cases where it
would be possible to obtain an acceptable product if the inspection subject were
rewashed to remove the foreign matter K. On the other hand, with respect to the states

shown in Fig. 1 (b) and (c), there are cases where it would be possible to obtain an



12 acceptable product if w ping of the surface H of the inspection subject
were performed to renove the foreign matter K by shear force. Furthernore,
‘Wth respect to the condition shown in Fig. 1(d), it would be possible to
obtain an acceptabl e product by repoli ﬁgi ng the surface H of the inspection
subject to renove the foreign matter K “5[0027] Accordingly, if the
adhering condition of foreign matter K on the surface H of an inspection
subj ect ~caencatable raedust 1 wiping ofithesirfage fholihs snsppaionsubigrt wenepepermest @)
aftertreatnent on_the surfa H of the inspection subject to which.the
forei gn mETTE R QRERGRaGTHS YRRt RETRHRCE0 RERtSSBIet 59 SiREdiion o
(producti yl . WL h S 410i tl ILEC . 1. The
present i %1{1/()%[% gl\rl\glgh (11{/02’ @3’%&1&% ? gé’ggslﬂﬂilgé(gE’pﬁﬁleérggcr%ﬁggﬁégd%‘{t %g'grfg’b?lhsglr@ﬂe

af or enent | . . i at it is possible
to irradi g{&;&% ?fﬁggfsigjlrf ?‘g%lgs%?tlg%Eﬁés%geocﬁelﬁcz)ﬁxélﬁgb?gég%lﬁﬁggfgnlg' a specul ar surface
with I§ght fiogpman oblique 15 direction, measure the intensity of
diffracted light that is diffracted by adhering foreign nmatter anong |ight
that is reguAabokdinglef ifetht edhaing bendsiivrf ot Boreipn tdter iIKnspahé sarfaceuidj Fcdn, and
the intensity of scattered light that is irregularly reflected by adhering
f orei gn nispestionagubjentt eubd b dethaminedy gowdildi be neissiblee td snsaldn praforemr
adhering to the surface of the_ inspection subject fromthe nmeasurenent

results. Plteieament an dhgsurfacedd phthenigsregtion subjectdp rytrgl thegforgighmattgnK | s

diffracted by adhering foreign matter" includ the case where it i
computed FOTERS STy BAblRS BIPToreT<aG of RPRYCL YIS QrpRFt Ty b rePre te et ace

of the,afar i i nspection subject. [0029] Specifically, Fig.
2 shogg ahnsﬁ%g%lsggﬁggts’confi guration of a surface inspection 25 apparatus

t hat can be m]oyed in the present invention. As shown in Fig. 2, this
~surface insp[gctl on apparatus is largely configured by: a laser |ight source

(light irradigd ipgei @Ehtols WiIvE Nedridhardd adifigerd FdEdras aitle@f ataBolbviigP et | ON
subject with laser light (light) L froman oblique direction; a first

phot odet eafod¢mérftionsd prabldtis. eas tesulgtheR dissdveZedmhiach 15 possible t@lrtadi®e dievi Ng
unit 2a that receives diffracted light 13 Dthat is diffracted by adhering
f orei gn nmauffae & @anosgedtiogdubjeathavisg megpetwal yurfaet |veitht dghtbfromhen shhiquece H
of the inspection subject, and which neasures the intensity of the

di f f r 42t edirpstighs moasa the mtensite of diffracted hight thatyistdiffeastadihadhenng forgigng
O ko et S et BB ROsERR ko ol 3bi8r, and

the intensity of scattered light that is irregularly reflected by adhering foreign matter, and
determine adhering condition of the foreign matter adhering to the surface of the
inspection subject from the measurement results. Please note that “the intensity of
20  diffracted light that is diffracted by adhering foreign matter” includes the case where it is
computed from the attenuation of regularly reflected light on the surface of the
aforementioned inspection subject.
[0029]
Specifically, Fig. 2 shows an example of configuration of a surface inspection
25  apparatus that can be employed in the present invention.
As shown in Fig. 2, this surface inspection apparatus is largely configured by: a laser
light source (light irradiating means) 1 which irradiates a surface H of an inspection
subject with laser light (light) L from an oblique direction; a first photodetector (first

light measuring means) 2 which has a light-receiving unit 2a that receives diffracted light



5 scattered light Sthat is irregularly reflected by adhering foreign
matter K, and which neasures the intensity of the scattered light Sthat is
‘recetved by this light-receiving unit 3a; and a conputing unit (detern ning
reans) 4 which determ nes adhering conqgtion of the foreign matter K on the
surface H of the inspection subject based on the results of measurenent of
the intensity of the diffracted |ight D nmeasured E%Bthe first photodetector

1ﬁ2 agd t fthahisediEracieddy @%ﬂgsﬁf@rpma@rdﬁ@n@n&é F}ealwgvhg yg | f
|

Phe | aser t°&ﬁtsuaéf%§'?1>f§h m%%c@@npr&ﬁe{‘r@'dl”%ﬁ@b'rﬁf%mes BEARETTARG ehay

I rradi at e%h &e& ‘1'{ ﬁeth!d ?frecte{l%d'bpﬁggﬁ c%h?-pec%H}?ﬂégggﬁ ga %% gg&%%éété{ %0)

sel ect ed, erab

15w th Thi
Wi r e%{é@&ﬁd th(g}h{ %awnfgﬁﬁlg?ﬁét) A vxts Cglt 'thgsrS Beﬁ%}itqgce?ﬂh%elﬁﬁt 34 Qﬂgtlllecelves I'S

is to facilitate generati y the foreign matter

K adhesi ngcdtRrddelg S ftag as rfuldriierdflesee Gyl ﬁheﬁﬂ@]f@l‘étgm hb@ér KSand WHidle case
where the incident angle a of laser light L is set at 30 or nore and | ess

t han 45, midagges the if@dhdifyusfahe s@teredflighe Sithat ioteckived baskis lighghdceivingsurgtasy t o
be facilitated by directly irradiating a bottomface d (see Fig. 1(a)) side
of the foPei gy sreampeyting undHdetenmining mpansy & rfhached¢temiineswdhiering eenditden elubj ect

with the laser light L. By this nmeans, scattered |light S can be generated
by the fotkd frcignmasier K api ks suifpce & phthesinspestion priectiiosed ag Heacresels of
' ent_ an

a0 bt Sl G DS RIS SR E e
Lo L 0 Sl Tnd st G hRSPEELY hfg%eea%‘@fed%gghf{%z%d bk Wlerdeydrs, T | ect ed

by th he' 'REpec sub ec I"aser 1ight
L |nd|rectly(kg5fd|ates t he botton1face d side of the foreign matter,
t her eby faC| ing diffuse reflection of the laser light L. By this

neans, scat t gr@e prdseitinventidfl, ﬁaﬂlchen é b UTahé Yaseengit At @dt RYentifted R gn
matter K adhering to the surface H o e inspection subject. In view of

t he above thd laserilight deuite dngd ¢ha mﬁyatbet}ﬁeedueiabeﬂ éfsthe espsdmysupjeot/ cahelsk t hat
it is within the aforenentioned preferred range. To cite exanples of |ower
i mts thatbitraylySecleetededndas prbfasblpactes SAF yr moneamiplgsscthare 9GOBG 00 arer9d?) 40 or
nore, 50 or. nore, 60 or nore, 70 or nore, and the like. To cite exanples of
upper 161 nivtith reppect toehe pusfase Fhek thelinsaeqivnsybisely, one may cite 80 or |ess, 70

or less, 60 or less, 50 or less, 40 or less, and the |iKke.
[0031]

This is to facilitate generation of the scattered light S by the foreign matter K
adhering to the surface H of the inspection subject. That is, in the case where the incident
angle o of laser light L is set at 30° or more and less than 45°, irregular (diffuse)

20  reflection of the laser light L is easy to be facilitated by directly irradiating a bottom face
d (see Fig. 1(a)) side of the foreign matter K adhering to the surface H of the inspection
subject with the laser light L. By this means, scattered light S can be generated by the
foreign matter K adhering to the surface H of the inspection subject.

[0032]

25 In addition, in the case where the incident angle a of laser light L is set at 45° or
more and less than 90° (45° < a < 90°) with respect to the surface H of the inspection
subject, the laser light L is reflected by the surface H of the inspection subject, and this
reflected laser light L indirectly irradiates the bottom face d side of the foreign matter,

thereby facilitating diffuse reflection of the laser light L. By this means, scattered light S



[0033] 10In the present invention, as the surface H of the inspection
subject is irradiated with laser light (light) L froman oblique direction,
‘an dngle (light-receiving angle) 13 of diffracted light D that is incident
upon the light-receiving unit 2a of th first photodetector 2 when the
aforenentioned |i ght -receiving uni t 2a f}ecei ves diffracted light D is equal
to the incident ? a of |aser %ht L that _irradiates the surface H of

the 15i nspdtPs 8 § lycgenerated Iy they igreign mattey K adheripg de gha surfage At pbHe an

angle (light-receiwvi ng angle) y of scattered-light S incident upon the
i ght - r ecBISDSHGR SHPIEC3a of the second photodetector 3 when the

af orenentio r nit e s d._phot odet ect. or
receives ZOqgg’éJtv{' g?@ aﬁW%Yﬁeg%cfﬂent@n% n%aly;b“ﬁefaec%g aéélf%e&sarﬁﬁaowés)ed tﬁat

preferabl y ;s thﬁltthg’gfo%mé:rﬁﬁ)?i?é ?‘reﬁn?&)r bd FrolcfaReGh lteg)og ‘?Ve?“ i Gfat |ﬁ|1a91f the

i nspection subject. Mre prefte eis O or nore nd ess; strl

nore ps ef Be ableged 9s hOtksiry "BreemaP @itd 300lor Infsre; 4600&31%I>reﬂ5©° roeme evmyorSO or
|l ess is preferable is that the scattered Ilght Sis reflected at a 25 | ow

angl e by irdoee, di0P brgere, ahd dod lilen Tofcitk eathplee bf Lpgdh linlitsahatthey bosdeased ace d
side of the foreign matter K adhering to the surface H of the

af or enent henesstry,reagaray ote ¥linjrdess, 78hemlessh 60anmless, P0por ldse AR ar tesseand i ght
Sis 30 or less with respect to the surface H of the inspection subject,
the scatté#iedikelight S by the Iight-receiving unit 3a of the second = 15
phot odet ecto[(g; is easily received, and the adhering strength of the
foreign matt P3R adheri ng to the surface H of the inspection subj ect is

|y, di ted. th f the
lth Eige'?sff Biip BHSG aiaroh s SEeiaaE MR Papeifiah S5 F HaRirey it ca
i rece
: phgt odet e(gdts(e)rr )%ht' Q@Epo%lh%&g %?th%&s?lﬁcgi%nwﬁgr na%agférhE F& ﬁ}lr{{h%ler egul arl.y
refl ect eddffadibe 1$g1ﬁfgcmri Rf iddi®nt Ctﬁeo'l'lfgﬁﬂﬁic&@h tulaﬁ bk Obet theqREVi Ng

unit 3a of the second photodetector is preferably provided at a different
posi ti on. pRytoddtecomEamsn tlie aforenfeaticondd leght-vec@irvangunio Rh ueBsbes tifeaetedEght

diffracted |Iight D when detecting the scattered light S
D is equal to the incident angle a of laser light L that irradiates the surface H of the
15  inspection subject (a = B).

[0034]

In the present invention, an angle (light-receiving angle) y of scattered-light S
incident upon the light-receiving unit 3a df the second photodetector 3 when the
aforementioned light-receiving unit 3a of the second photodetector 3 receives

20  scattered-light S may be arbitrarily selected, and is preferably set at 30° or less (y < 30°)
with respect to the surface H of the inspection subject. More preferable is 20° or more
and 30° or less; still more preferable is 10° or more and 25° or less.

[0035]

The reason why 30° or less is preferable is that the scattered light S is reflected at a

25 low angle by the diffuse reflection of the laser light L at the bottom face d side of the
foreign matter K adhering to the surface H of the aforementioned inspection subject.

When the angle v of the scattered light S is 30° or less with respect to the surface H of the

inspection subject, the scattered light S by the light-receiving unit 3a of the second



10[ 0037] The | aser light source 1 may be arbitrarily sel ected. For
exanpl e, one nmay use a sem conductor |aser of 670-850 nm wavel ength, an
"He-Ne laser, or the like. On the other hand, the first and second

phot odetectors 2 and 3 may al so be ar biltsrarily sel ected. For exanple, one
may use a photodi ode, a photoelectric miultiplier tube, or the |iKke.

15[ 0038] The conputing, unit consists of a conputer (CPU) or the Ijke,
and det er Rhgfedeteqier dﬁél"‘?‘h’gr@f"t’féﬁggw the ‘i‘{]i‘@“P%rSE’F%h r?étth%g‘)"l@%‘nmtaﬁ%r Kurface

H of the inspectiqgn subject .accordi to.an.internally. stared determ nation
progr am B%é%&gg%ﬁ}eﬁggbﬁ%eggd’f @%prefﬁgwf%“( F‘Feea?glﬁﬁ gﬁﬁ%lnéé?ga) of the first
and second B@%@det ectors 2 and 3. 20[ 0039] Specifically, in the case
where forei gn tter K adheres to the surface H of the inspection subject,

i nterferencenofhe dlafd Mfeld AR ACERES BRIVWEEDS the s&ait@getﬁ i h;%ii§serqﬁ£1| f'oghﬁad by

the surface H of the inspection subject and the |1 ght reflected by

the susf aeReing 4igld Poettgniiffiictedrlight DABt-hy), Mheh €isilightirb@iviag peit Chontf the
light anong the light that is 25 regularly reflected by the surface H of

t he i nspefitdt photeddtpaot 2 issproeideé at 2 gosatordivhéredadee ighti Ig it regilarly kefeceddsy, t he
intensity of the reflected light (diffracted |ight D) nmeasured by the first
phot odet edteopurfacdeldr ehdls inspapitanegubiect: fthe digheregpizing upieria 0§ tho sgengr i ng
foreign matter K [0040]. 16 Moreover, as laser light L is irreqularly

r ef | ect edPhstodgectoihispaelerblypronided at & ddteri epation B it meanseit ispostihler es to

the surface H.of the inspecti. ' rtion of the Li.ght anong the
light thaf° PG TR “3""@?‘% ‘%ﬁ?"éﬁ"%ﬁ@ P B FetctiPp i scati eﬁl‘ hg%e%t i on

subj e is r[%ﬁ%ﬂct ed as scattered light. In this case, the intensity of the
reflected li'g (scattered 5 light S) neasured by the second phot odet ect or

3 increases HROMALELLH Qobfe CARG YSHRdrIE sBlelRd M PorBRHIA borfOmal I TR T er
K. [0041] Now, the upper porfions of the aforementioned Figs. 1(a)-(d)

show t he k¢thieBsducior Wsetlbf §T085®AI I RtenBh, b EleiNé RIB&H bi/thefliks coh ties @Hed | ght
S, and the adhering strength of foreign 10 matter Kin the respective

states. | haid)ehd Arseandaecondhsiotalemotdrhi@ andsp anilyi ale baradisdrtly esleated. For
strength, it is indicated that intensity/strength increases as the top is
appr oac hedxampleAmeghaywuselayphbiagisade] ¢ photpelpetric mmliiplies iehiet gr the lide.f f r act ed
light Dthat is diffracted by adhering foreign matter K depends on the
surfat® ared09#8la top face u side of this foreign nmatter K in the case

where the Sull:}]lceac(::o(:‘?n}g)l}ctintghueni’gc gornesilsgsnopgtc}o%’puézri(%PiB hoerrt. g?ljk'e, and determines the
adhering strength of the foreign matter K on the surféce H of the inspection subject
according to an internally stored determination program, based on the measurement
results (measurement data) of the first and second photodetectors 2 and 3.
20 [0039]

Specifically, in the case where foreign matter K adheres to the surface H of the
inspection subject, interference or diffraction occurs between the light that is reflected by
the surface H of the inspection subject and the light that is reflected by the surface of the
foreign matter K, with the result that a portion of the light among the light that is

25  regularly reflected by the surface H of the inspection subject is reflected as diffracted
light. In this case, the intensity of the reflected light (diffracted light D) measured by the
first photodetector 2 decreases compared to the case where there is no adhering foreign
matter K.

[0040]



15[ 0042] Consequently, the intensity of diffracted Iight Dis strongest
in the conditions shown in Figs. 1(a)-(c). On the other hand, the intensity
‘of diffracted light D gradually decreases as the surface area of the top
face u side of the foreign matter K is reduced, as in the condition shown
in Fig. 1(d); and the intensity of the diffracted |light D becones zero (0)
20when the foreign matter K di sappears, as_.in the state showny in Fig. 1(e).
[ 0043] | MeBRYTadt 18 lhél"%,t RiltrReyELy eeflected by foreignamatienyK dn the sficer ed
light Sthat is irreqularly reflected.b ring foreign matter K
1 Padi at MRt e e U S PEOEE b B R b Ror e 11 om
an obliqu i i : : i i.af i i ;
Dot t om B ey n S pEh (e R afRly deRELEA O OurbE M ERRBLARARRDL
effects a{sereﬁH&E@'aE‘%'atfeFégl][ﬁi ._tgl %h'?seca%k',r ﬂ‘h@%teﬁﬁ%aof)f[hgggg‘]e&éﬁlgigm (s8sifr&h si de

[

and the top face b side h oreign matter 'K

Conseqgiientipit, S measufddeBs tHeyseabnds pladtbddtesor 3 GttreaSed Sorppdre gette dabe tlhere
condition showmn in Fig. 1(a). On the other hand, the intensity of scattered
i ght S gtledualnoyadbeningfos@gn amttethl®. spherical foreign matter K sinks into
the surface H of the inspection subject, because the surface area of the
bot t om face [04llde of the foreign matter Kis reduced, as in the states 5
shown in Figs. 1(b)-(d); and the intensity of the diffracted light D
becones zer 3‘1%)t et Rerties of i Haremsntipngsd EigspHa)-6d) shew; thedpEnsityneff ti on

h i Fig. 1 0045 . T i i f i | i .S d
SoChe s Buffracred fhae B hEthrengipf Aoiwelrgl ght's rndisll ofeRbcTeRR g IOk, by
the t f i i Thi i |- | i ght
" E o, o Betich 8 Rbodclfe Hafel 8B Hard thal Hoby (n8 EEARANAAGNAC R | | D)
reflect Eds@éhfgﬁ}h‘?t SWdigk& t'ﬂapifntetngi?y %@‘ﬁﬁhkﬁﬂse% ‘dphﬁCth |i§ eiﬁ)i'ﬂatch&ﬂ in

repetition of diffuse reflectlon./%n e other hand, |aser light reflected
by the top facehdwobytHigs. f104)eidynheniteadityaet diffrattetl HititeD tthanis tdififacteditges t he
intensity of the scattered light S without repeating the reflection.

15[ 0046] adheoyy,fofeign mhitdr)K diygends an dondirfaco arenlo€ aeopt faee aplidr ofahls foreigi gn
matter K adheres to the surface H of the inspection subject, and is

i dent i cal magtet Kean ghesease wbone thaisurfase af hredoeran matéat Krisgphariea).. On t he ot her
hand, _ Fi gs. 1&2 -(h) show, in this order, conditions where the spherical
forei §h mat tl@P¥H sinks into the surface H of the inspection subject,

Consequently, the intensity of diffracted light D is strongest in the conditions shown
in Figs. 1(a)-(c). On the other hand, the intensity of diffracted light D gradually decreases
as the surface area of the top face u side of the foreign matter K is reduced, as in the
condition shown in Fig. 1(d); and the inténsity of the diffracted light D becomes zero (0)

20  when the foreign matter K disappears, as in the state shown in Fig. 1(e). |

[0043]

In contrast to this, with respect to the intensity of scattered light S that is irregularly
reflected by adhering foreign matter K, irradiating the surface H of the inspection subject
with laser light L from an-oblique direction also causes irradiation of the aforementioned

25  bottom face d side of the foreign matter K with laser light L. As a result, effects are
sustained from both the surface area of the bottom face d side and the top face b side of
this foreign matter K.
[0044]



20 and the foreign matter K adhering to the surface H of the inspection
subj ect becones gradually flatter than in the condition shown in Fig. 1(f),
‘With a gradual increase in its adhering strength. [0047] As shown in Fig. 1
(f)-(h), the intensity of diffracted Iight Dthat is diffracted by 25
adhering foreign matter K tends to depe d on the surface area of the

aforementloned top face u side of the foreign matter K. Consequently, the
intensity of %nsmtre&&lt/e e iptgpsty9fiscatigeedaght §'i§ sirapgesbingthe icopditom P Wihing g

For ¢ gn ks fkORar pthsErarth oo AEEly oL fahera i el PR R

Icg(r:l'[ fgif SP %&ﬁﬁgl%o}{?ﬁe&%ﬁ%@%s?ﬁgmf) a[scaLF er edsﬁghe(l@pgafcg? 19 24%?%15& arly
reflect edgpy,adper 6f”t£1e bBfiGh Ped BLE bf the SRS In%tthKrIPFe%u@écf %ﬁﬁrﬁﬂle@aftééqe

surface area of .the aforenentioned bottomface d side than'the top face u

si de of tbRoVOiEFigs 1B (d ank. thSinkaRES GO eRdifractd 1EAPDIbechHmES goro |((§)f\)/hc(rh)
reflection in the direction of regular reflection increases with fla

f or ei gn it foreign mhat¢r Kldsappeats, hainethé bendifi@r showmtin diged (9ot t om f ace d with
the result that the intensity of scattered light S is somewhat decreased

[ 0049] From[OA&5) or egoi ng nmeasurenent results, the intensity of diffracted
light D and the 10 intensity of scattered Ilght S are high when the
adhering st rBigintensity ohidis sspidergn lightt 3 tandktq ke piegtedamorerbyt the sedwi arrels

it o aft o heosios e ok hecHinr s BeeRRtel The e,
strengdh Sfiel g LELAR TALAEL K hORERIRSEee Bl fe HRSTAIH ROR BPRH "

Fi g eover erlng streng 0] elgn e

'ncreasesrérf‘ec%éa HeLhihchBY (g th&; E&%STlfBJE’ectftle%lﬁﬁ in & énpomq* cﬁeﬂgu t' ons

shown in Fig. -(h). I'nthis cas e the Tntensit scattered

light S d%ﬂdcﬂ@ﬁ o1 HR dthdéranad ! scfiighi fcfleared 8¢ the @ptfadd & bf B fol @@PRtter AS
descri bed above, with the present invention, it is possible to determne an

adheri ng acwdh aidirectidn fiat edighl thatbtetsiti odnhé h@ttswﬂflsghe SHyvithow krepaating tid on
subj ect based on 20 neasurenent results pertaining to the intensity of
di ffract edeflacgbw. D that is regularly reflected and the intensity of
scatteged I i[%taaﬂs that is irregularly reflected.

Now, Fig. 1(f) shows a condition where the spherical foreign matter K adheres to the
surface H of the inspection subject, and is identical to the case shown in the
aforementioned Fig. 1(c). On the other hand, Figs. 1(g)-(h) show, in this order, conditions
where the spherical foreign maﬁer K sinks into the surface H of the inspection subject,

20  and the foreign matter K adhering to the surface H of the inspection subject becomes
gradually flatter than in the condition shown in Fig. 1(f), with a gradual increase in its
adhering strength. |

[0047]
As shown in Fig. 1(f)-(h), the intensity of diffracted light D that is diffracted by

25  adhering foreign matter K tends to depend on the surface area of the aforementioned top
face u side of the foreign matter K. Consequently, the intensity of diffracted light D is
weakest in the condition shown in Fig. 1(f), but the intensity of diffracted light D

gradually strengthens as the foreign matter K flattens, and the surface area of its top face

u side increases, as in the states shown and Fig. 1(g)-(h).



St andard val ues of evaluation, which are to constitute standards for the
intensity of diffracted light and the intensity of scattered |ight and
‘which are to be used to inspect for the presence of foreign matter, nmay be
sel ected and determ ned on a case-by-c € basi s 25according to the
conditions of the enployed material and'the |ike. For exanple, several

| evel s of d% ggflve sanpl es may be prepared in advance by m croscopic
observat i onl%9A8 t he i ke, these may be irradiated with laser light, and the
signal s of dlrectly

scattered | g%fntr&ntt &g ytge d‘?tf"?%té’e %‘ia ?8%1 elggk‘lt Itsﬂ gﬁat 3{1 Cé‘i“lcﬁ(ﬁj"l{\% nteg]ggtigé)é%,
def ect nmay e%n fo?&%lg g%%eg(?'tqéndg n%dbg ym&%C'afFL&%f ,?g/ethe sur?&ceer gn eQ

est abl i she ion signals exa éhrd

val ue for af'oli]&nélﬂfo‘ﬁgé 'bg&?ﬁf fﬁgé faf §1 ttl?zgl h'egtgty usidd 6?% g)é‘%l%}l atie?r t he

intensity of scattere e respec ely set at 7 and 000 5

nV, orsa sbaswaedlyak ls!H‘O\fIﬁJ fin Fie 1(01(Bﬁ sefloctioh n@l ithd dirédtivd dJfirgfiilartRfedion
standard value for the intensity of scattered |light my be respectively set

at 5000 miAcasudesaviti2 BA0fordgn hiaveni€ that does nat haot tHei afdrem@dntiencdhesemviataids .
Standard values for the intensity of diffracted |ight and the intensity of
scat t er ed withghe rayaly thae thedntensityrafgcattesed kighs Sris somewhasfderneassdct i on, or
standard val ues for the intensity of diffracted light and the |ntensity of
scattered Ii0§A?] nay 10 be determ ned by conducting experinents in advance

bef I [ ,
n Srﬂﬁ. f.f”éﬁ 108" e obesRts earPOReB rerls: Birniusty AL ouEerh Tehho 3 Beshown
cont 1 40 T ERRY A e i & oot gyl Be 3 éﬁe He e s friled Rugter fa
rotates alsdro% S AR Shd E&ﬁdlﬁkqlsagﬂow%ﬂqqg A9 %agagmfne%wmqn@ tﬁ@%t@:ﬁgu

and a scanning stage (scanning neans) 'y scans t ase |ght L

i rradi ati aErhéted sghf BGAd th@intdRRy OF SlatteRR 154M0 WddcPbald 8 th8- adhéhﬂg%eﬁmnpl e
of a surface inspection apparatus provided with a rotary neans and a

scanni ng oearsfosdigmaiter Kiigeredes, tab @i ehd Gnfitions desim & Figl afcy-(6) &gﬁedu’e@t ar y
nmeans) 12 on which a disk 11 constituting the inspection subject is

nmount ed, &rechdhhringd strangtt efsthishferalgs kaftér Krinemabes ag thet fosdigramiter abdcanes
scanni ng stage (13) on which the rotary stage is nounted, which causes
reci pﬂ%catﬂiaﬁ@f andn theapenditians rhpwaoediignt (gd(h H\@thlétcawy vdtilgcfhe iintensity of

hori zontal directio nd i¢ch enabl s..radi scanning of the l|aser |ight
L t hat |rﬁ%ﬂ$§?g Egpﬁ Inggy the gensity of H@aﬁFéﬁg WD 08es- r eci procati ng and
translatlon@)sgpvenent. The rotary stage 12 and the scanning stage 13 are
controlled 9 controller 14.

As described above, with the present invention, it is possible to determine an adhering'
condition of foreign matter K on the surface H of an inspection subject based on
20 measurement results pertaining to the intensity of diffracted light D that is regularly

reflected and the intensity of scattered light S that is irregularly reflected.
~ Standard values of evaluation, which are to constitute standards for the intensity of
diffracted light and the intensity of scattered light and which are to be used to inspect for
the presence of foreign matter, may be selected and determined on a case-by-case basis

25  according to the conditions of the employed material and the like.

For example, several levels of defective samples may be prepared in advance by
microscopic observation and the like, these may be irradiated with laser light, and the

signals of high-intensity directly reflected light and low-intensity scattered light due to



[0052] 20 Anong these, with respect to the rotary neans, a known
servonotor or the like may be used, and with respect to the scanni ng neans,
‘a krdown linear stage or linear actuator or the |like may be used. [0053] 5In
this case, in a condition where the di is being rotated around a central
axis, it is possible to conduct high-sgeed i nspection across the entire
circunference of the surface H of the di whi | e radi all.y scanni ng,the

| aser |ig§{}§1§e tRElection, that ateeguipHe b¥ufiaFQc‘£¢l§‘l“‘Ft dpay ﬁpsrean%kvelymﬁpn%\m h

oreron rirtUrefela SRSl daa ) hkuSl B hest plion win (e
i or K oty By crmabich 3 SRk LR, SRR RELIT doum BLR 08 WAl Tl o"

i ntensityyafe @i fhe Q%RQ?J &8t Red ?jﬂgﬁt H&&%Sﬂegﬁ'ecﬂ%lf Gat defoRd thvafHa Fpogand
f t K. 15[ 0055

the adhering strength o orelgn ter For exanple, Fig. 3

to Figs 7nAl &reCadtdaiDviThé FRSRO Rt oI fRBERd Aehf Sieh eRAndBE afuekofiRn an
intensity of diffracted Iight D and an intensity of scattered light S are

obt ai ned iratsity ef ssitteredtlight akg be msptitorebdset atnTi0inoYisind AORG00 MVt Hewepger bar
of Fig. 1(a)-(c), (g9), and (h). Al of these photographs shown in Fig. 3 to
Fig. 7 exbibistnot meted o these valugd Steadandi valpes dorthe sttensiis ¢ f diffrected lightzand) of

an alum num al |l oy substrate for hard di sk (inspectjon subject) that has
under gonethq mtgnsity jof geatteyed dight magplae: deternined frqm ghe sesulis pf dpgnestiony or

m cr oscope phot ogr a f foreign ter. K. when an intensity of diffracted
light D b b W%‘P@ﬁ@f%ﬁl&?ﬁn%ﬁﬁ%ﬁ% leght afgp gbf;_éntsmi% 8 gﬁ%ﬁhghway _

resenpje the [ i Qne. own : a) . shown i ig.
5, “polt snPhar G er B SPEH-faL b AleRSl" ahipke St et TS bl o2
It is posy{Pl&ioho renove such foreign matter by re-washing the substrate.

[0051]
In the present invention, in addition to the configuration of the surface inspection
apparatus shown in the aforementioned Fig. 2, it is also acceptable to have a
15  configuration which is provided with a rotary stage (rotary means) that rotates a disk
constituting an inspection subject around a central axis, and a scanning stage (scanning
means) that radially scans the laser light L irradiating the surface H of the disk, as shown

in Fig. 8.
In the example of a surface inspection apparatus provided with a rotary means and a
20  scanning means shown in Fig. 8, there is provided: a fotary stage (rotary means) 12 on
which a disk 11 constituting the inspection subject is mounted, and which rotates the disk
11 around a central axis; and a scanning stage (13) on which the rotary stage is mounted,
which causes reciprocating and translational movement of the rotary stage in the
horizontal direction, and which enables radial scanning of the laser light L that irradiates
25  the surface H of the disk by the reciprocating and translational movement. The rotary

stage 12 and the scanning stage 13 are controlled by a controller 14.

[0052]



[0057] 21 On the other hand, Fig. 4 is a scanning m croscope photograph
_of foreign matter K when an intensity of diffracted Iight D and an
intensity of scattered light S are obtained that resenble the

af orenmenti oned condition showmn in Fig. ,A(b). As shown in Fig. 4, polishing
dust is fixed to the surface of the substrate. In this case, as it may be

anticipated 5 that the,l_BoIishin dust is enbedded in the pol bsg d face,
such forei gri RS H1Ese AUHESSPREIR, B TBIATY BLSGRSs Bi KRG WRRETVOMNLeT ot tBe HKe WaYi ng i t
with a cloth. [0058]. M, ¢t other hand, Fig. 5.is a scanning mcroscope
hot ogr apht Bec BPE A RRERPE TRe SRR ma TR h T PSar 356 S C0GHH FHTD. ang
an i ntensj ] light S are obtained 10 that resenble the

af or enent P{)%lggl con it}teﬁ{)sﬁ&!shom in Fig. 1(c). As shown in Fig. 5, this
foreign mattgpsprotrudes fromthe surface of the substrate due to the

i ncorporation of spherical foreign matter into the plating liquid in the

Ni P pl&ting Jarthsesse, il B chidifio #fere thedikab beihg rhrateior®ind Eentdabaxivauisd be
difficult by re-washing the substrate or by wping it with a cloth, but it
woul d be possgildlecimiuctengh-apsadchsieotien gerossatht entiteycircapdéresds ofgtht lkerface
15substrate. L0059] _ On the other hand, _Fii. 6 is a scanning mcroscope
phot ogr aphl @fth¢ diskivgrilerradieBy s¢anpingrthelesemlight 4 thyt iokdigtes theasradge H gfithisD and
an intensity of scattered light S are obtained that resenble the

af or enent Flﬁiged condition shown in Fig. 1(g). As shown in Fig. 6, due 20 to
i ncorporati % 4{ conpl exly shaped foreign matter into the plating liquid in
the NI P plath Rg ]process on the surface of the substrate, the effects of

this T(IS){ el grig Lr%ﬁa%ﬁt{o%h@?fﬁr%éﬁ%n@ﬁ' Fﬁ%?ﬁ é%}%@ glﬁcg I(]S-‘;@; ,?lger fqg#glséfr L Foreldd thi s

case, wou icu renove re-washihg the

substrat enQkePi Hik BlelPidehli2UdtBr Furpb@s bt dBiripbe Witk BRsIRIARDHERAN RS
renmoved by repolishing substrate. 25[0060] On the other hand, Fig. 7 is

a scanni nglefi HadseaPRHRGt &atMpYofths bOFREIgN mlttcr K ekhiviehe Sdind Wn@aidsy Of
diffracted light D and an intensity of scattered Iight S are obtained that

resenbl e wihth adspectnentheocafertnonriondd anterssitgwof diffrected lighh)D, fiwe &hensityi of Fi g.
7, a protuberance has occurred in the plated filmdue to incorporation of
f or ei gn natatteredilighdS, @@ the adhering strength of foreign matter K.
15 [0055]
For example, Fig. 3 to Fig. 7 are scanning microscope photographs of foreign matter
K when an intensity of diffracted light D and an intensity of scattered light S are obtained
that resemble the aforementioned conditions shown in the upper bar of Fig. 1(a)-(c), (g),
and (h). All of these photographs shown in Fig. 3 to Fig. 7 exhibit foreign matter
20  adhering to a polished face (surface) of an aluminum alloy substrate for hard disk
(inspection subject) that has undergone NiP plating.
[0056]
Specifically, Fig. 3 is a scanning microscope photograph of foreign matter K when an
intensity of diffracted light D and an intensity of scattered light S are obtained that
25  resemble the aforementioned condition shown in Fig. 1(a). As shown in Fig. 3, polishing
grains adhered to the surface of the substrate. In this case, it is possible to remove such

foreign matter by re-washing the substrate.

[0057]



the plating liquid in the NiP plating process, and this protuberance has
protruded fromthe surface of the substrate. In this case, it would be
‘difficult to renove the foreign matter by re-washing the substrate or by
wiping it with a cloth, but there are cgses where such foreign matter can
be renoved by repolishing the substraté, depending on the width of the

pr ot uber ance 0061] In.view of the faregoing, with the caonputing unit 4
shown in theo%n[ﬂ%fr %‘#Ehh?’@ngtg-lfﬁ i§ 2 sganpipg mycroseapehotqgzapiicetoforsige matter Ky ences

{ne-af or et ABAEERaST BB Rend 32 st of il Ben St e Pt 1s "
o RACHI S R . Ot
phot ouet oarbpelible, e Bhkaafonfd LT hob A 1RpTFOL RS R R AT by

second phobedet SEIPLs xed!tdBR2urMld br thb SuLEREH th%)s?éﬁg&tais Hnay De Hidfardd

achieve further i nprovenent in the accuracy 15 of di'scrim™ation results,
it is pretipsakd polihisetiuithe sleaaédrimald polisheddidel @ich Fdtelohahatthrf dagrinces
in adhering condition and the adhering strength of foreign matter K can be
det er m nederhaxeddyon-washing tinebstrate suiviging ervidi acloth.t o the intensity of
diffracted Iight D and the intensity of scattered |ight S neasured from
actual foreil§A5¥atter K as shown in the aforenentioned Fig. 3 to Fig. 7.
20l n this manner, the present invention is able to provide a surface

i nspecti on n@R feriotsnhands Hig 2cis 3 seapuing myRrosepsrrotegratnelioscisn matter K| v
and rapidly discrim.pati adhering, condi tion. of .a forej tter adhering
FoCt ho surthstan arieaty shBBERi gl 6 S Gy of Soptoabiay Srire iedt o o
t he prgse i i I . . DY ns, of. exanples he
prosent | MpsrfeRle 89 oBiremBhel BBt AR SR s ey T RlApraE IRE R e

i mpl ement ¢oe it it S8t & I fih i | I‘% : t gepart
fromits esse ntllggl ié\tent .Sr?%{d&f%%%g%sn%ﬂggl uﬂs%égqgﬁ%ttﬂggnncgﬂgﬁf?ﬁa%ﬂ

al um num gpleRitalStoRSiih Mabtef Bito B¢ Plaths KiqurISin B WiR Gl fdpreeier It s tak) ow ng
conditions. Specifically, first, the inner and outer circunferential edges

and t he datmowaliof thedsreiiin ratte wghitdibe diffipdobatanvadhing the lsalystiateasibymipiing al (a
product equivalent to 5086 alloy) with an outer dianmeter of 65 mm an inner
di anet er af wizlp a ginth,ehud itawould be possible to remove such foreign matter by repolishing the
15  substrate.
[0059]
On the other hand, Fig. 6 is a scanning microscope photograph of foreign matter K
when an intensity of diffracted light D and an intensity of scattered light S are obtained
that resemble the aforementioned condition shown in Fig. 1(g). As shown in Fig. 6, due
20  to incorporatioh of complexly shaped foreign matter into the plating liquid in the NiP
plating process on the surface of the substrate, the effects of this foreign matter are
exhibited on the surface of the substrate. In this case, it would be difficult to remove the
foreign matter by re-washing the substrate or by wiping it with a cloth, but such foreign
matter can be removed by repolishing substrate.
25 [00601]
On the other hand, Fig. 7 is a scanning microscope photograph of foreign matter K
when an intensity of diffracted light D and an intensity of scattered light S are obtained

that resemble the aforementioned condition shown in Fig. 1(h). As shown in Fig. 7, a

protuberance has occurred in the plated film due to incorporation of foreign matter into



5 thickness of 1.3 nmwere subjected to turning, after which

non-el ectrolytic N -P plating treatnent was performed across the entire
“surface to a thickness of approximtely 10 Jim [0065] Next, this
substrate was subjected to polishing. ing a wappi ng machi ne provi ded
with a pair of upper and | ower surface“plates as the grinder, 25 substrates
were interposed 10 between the plates that were rotated in mutually

bIOIOps i te &}errg%tmgdi%{d amgae pek Elaémla BEOSSFS; m&%@s gr@}}&@ﬁa%éa%ltrm% framée by
suppl 1 ed ¢4 1ALl %tléat%’,ﬁnitwé Bttt oGBlspls IR it ymiley

t ' . ) : ' ime. Wt tt
(e Bl SR, b G Sio 28R, P G ol it 10

mnuf act ugd; Xnﬁétc‘ﬁﬁnbg@bllﬁgvedlﬁy _oiislltih ‘the Wsﬁ"a{e,eaﬁ%ﬁhfng%rythu%g_iﬁ of the
first stage polishing (rough polishing) and the seco stage poli1shing
(finish peldprbiuBebancdur i ng polishing, the polishing solution was supplied
at arate of 500 mM/mnute, surface plate rotational speed was set to 20
rpm wor ki ngop6Hssure was set to 110 g/cnR, and the anount of polishing per
side was set to approximately 1.5 lamin the first stage polishing.

20[ 0066] Inrviewn ef therforegginggwith the eompwging tuajy 4 showghn fe dfetemegtieneddigusi ng
the first grinder, polishing was conducted for 6 minutes by supplying a

pol i shi ng2situs pyssitie fh deterging siféererges i adhgsingsqopditign And adhenngngrength of

af orenenti.oned D50 vagl ue set at. 0.4 wer e di rs to a concentrati on of
5 mass % ANCER BGHELdS Sof WibAR Wi h reﬁﬁ“&ﬂ}‘?@ﬁﬁ% ?&)ég) &B&d&:‘ S%r@@i on of
1.5 by,addin el atin ent, and. Xi_di; .z t~ ther et 0067

ai or 10 e o€ @ins BP0 0, MR o E e AR B B Sl AL o
and the sefoRdesiis9e gagp' ﬁilé' ﬂgerﬁﬁt?poffécghérgd PR¢HtS B gﬁasﬁr&i’)b ARe CRBsict ed

using the second grin n this"second stage polishing, polishing was
conduct ed phetod&estbit es With a polishing 24 slurry in which colloida
silica abrasive grains having the aforenenti oned D50 val ue set at 10 nm
wer e di spers@dé62jo a concentration of 7 mass % in an aqueous solution with a
pH adjusted to an acidic region of 1.5 by adding a chel ati ng agent and an
oxi di zi ng agWiith théerestm. inVéntioammuertieroto gebiave Huntler pmpraiethentvastha ppewadyrat el y
0.5 lamin the second stage. 5 The substrate was subsequentl|ly washed, and
10, 0005 suleé tdissrigunationeregiglip fitét prederablpdoewt the diemmingtignopamditions seothel r m
the presence or absence of fqreign tter adhering to the surfages of the
10, 000 naftifeEicst d ﬁr%f‘g'élf’nsaﬂf‘;{g%égli‘%‘ﬁe%‘i"fl&% Jforgign st Fata@sPsnas

ﬁggg?gifg [dgt(silrrggleg blésne P rgcizassll(lre%uern[ A8 tsi Igles a?r%%ig (t)onth%qgt%rrlsa}%yuosf éﬁ%@%ﬂql%ht D
and the intensity of scattered light S measured from actual foreign matter K as shown in
the aforementioned Fig. 3 to Fig. 7.

20 In this manner, the present invention is able to provide a surface inspection method
and a surface inspection apparatus capable of suitably and rapidly discriminating
adhering condition of a foreign matter adhering to the surface of an inspection subject.

Examples
[0063]

25 The effects of the present invention are made clearer below by means of examples.
The present invention is not limited by the following examples, and may be implemented
with suitable modifications within a scope that does not depart from its essential intent.

[0064]

(Example 1)



10 Hitachi High-Technol ogi es Corporation). This disk surface inspection
apparatus has a basic configuration wherein the surface of a substrate is
‘irradiated with laser light, and foreign matter adhering to the surface of
the substrate is detected fromthe diffracted Iight and scattered |ight.

[ 0069] 15Mbreover, it is possible to evaluate the entire surface of the

substrate when using this djsk surface in ctjon apparat us fically,
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di sk surface inspection apparatus, the incident angle of laser Iight and
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recei ving angle of 25scattered light is approximtely 20. [0071] Wth
respect t cetthenewad pafaroed atroshthe snbistsusthestormthickaess wf epproxintatad D @i
(surface |nspect| on of substrates), the follow ng treatnent was conducted
on substrat d906dr which the presence of foreign matter of 0.4 p.mor nore
was confirmed. The size of the foreign 25 matter could be confirnmed by the
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where the Intensity of fract |gh% was 7000 nore and
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treatment and rewashing treatnent were conducted. 100n the ot her hand in

cases i nclmanufactived diyghilweltCer Lwhewered dsed iantlan sintey Voith ebsfaéa*tacttlwlgﬁn@h,t was
7000 mV or nore and the intensity of scattered light was | ess than 3000 nV
(case 3), indiadwlddway-typeslovblessididrgrhders (hwddlef 1d%; miapgfactured by System Seiko

15 Co., Ltd.) were respectively used for the first stage polishing (rough polishing) and the
second stage polishing (finish polishing). During polishing, the polishing solution was
supplied at a rate of 500 ml/minute, surface plate rotational speed was set to 20 rpm,
working pressure was set to 110 g/cmz, and the amount of polishing per side was set to
approximately 1.5 pm in the first stage polishing.

20 [0066]

In the first stage polishing step (rough polishing step) using the first grinder,
polishing was conducted fo’r 6 minutes by supplying a polishing slurry in which crushed
silica abrasive grains having the aforementioned D50 value set at 0.4 um were dispersed
to a concentration of 5 mass % in an aqueous solution with a pH adjusted to an acidic

25  region of 1.5 by adding a chelating agent and an oxidizing agent thereto.

[0067]

After the first stage polishing step, the polished substrate was washed, and the second
stage polishing step (finish polishing step) was conducted using the second grinder. In

this second stage polishing, polishing was conducted for 5 minutes with a polishing



[0072] Wth respect to repolishing, only the finish polishing step was
‘conducted, and 15 polishing tine was 2 mnutes. Case 1 is equivalent to

t he ‘case where there is only foreign matter of | ow adhering strength. Case
2 is equivalent to the case where therg exists foreign matter of

I nt er nedi at e adhering strength but not forelgn matter of high adhering

ﬁéé Cadt D shiryrin sk Srltoudd sflien sbsvemaas havins e %F%eqnﬁéy@c' 2t éﬁﬁﬁ'ﬁéet

or ool |egthf6n s isBRSed R e BienitioR of T i L bR R B S BT
d

matter wagg \)ﬁ&,@&“ﬂ&taﬁ%c@v%}élggorf@ﬁswm gl fg;gegggﬂtagaforell&%gﬁ%%ﬁ@ to

be defective I n cases was “agal conf

0.4 p. M Oghef&ib el"lf'exdﬁ&ﬁﬁi of ollshm% pelalietvak & ?%5@ ¢.95 {nsthgfse&\’lalskh%k' On
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substrates after retreatnent Substrates of case 1 124

[0068]

Next, in order to confirm the presence or absence of foreign matter adhering to the
surfaces of the 10,000 manufactured substrates, surface inspection of the substrates was
conducted using a known disk surface inspection apparatus (NS7000R, manufactured by

10  Hitachi High-Technologies Corporation).This disk surface inspection apparatus has a
basic configuration wherein the surface of a substrate is irradiated with laser light, and
foreign matter adhering to the surface of the substrate is detected from the diffracted light
and scattered light.

[0069]

15 Moreover, it is possible to evaluate the entire surface of the substrate when using this
disk surface inspection apparatus. | Specifically, with a mechanism which causes
high-speed rotation of a substrate around a central axis, scanning is conducted across the
entire circumference of the surface of the substrate by scanning the laser light in the
radial direction of the substrate, enabling completion of evaluation within several

20  seconds per substrate. That is, the surface inspection of the present invention described in
(1) can be conducted.

[0070]

With this disk surface inspection apparatus, the incident angle of laser light and the
receiving angle of diffracted light are approximately 50°, and the receiving angle of

25  scattered light is approximately 20°.

[0071]

With respect to the evaluation of the substrates manufactured in Example 1 (surface
inspection of substrates), the following treatment was conducted on substrates for which

the presence of foreign matter of 0.4 um or more was confirmed. The size of the foreign



31 Substrates of case 2 95 73 Substrates of case 3 81 -- [0074] As
shown in Table 1, with respect to the substrates of case 1, 70% or nore
“coul'd be made into acceptabl e products by retreatnent. Wth respect to the
substrates of case 2, 20% or nore cou;% be made into acceptabl e products by
retreatnent. 5[0075] As a result, gn a conparison is made of the case

where all substrates haying foreign matter are consi dered as defective
product s, Mager eqid bgenfipredkbythe sformentioped RpRATaYS-118r @sepnwherettBere Hyas
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of the present”’invention i € 1 nspect’ion process”’for a rates.
[0076] (E¢gimigq2) | n Exanple 2, manufacture of hard di sk nedia was
conducted. Specifically, first, a

5 On the other hand, in cases including foreign matter where the intensity of diffracted
light was less than 7000 mV and the intensity of scattered light was less than 3000 mV,
and not including foreign matter where the intensity of diffracted light was 7000 mV or
more and the intensity of scattered light was less than 3000 mV (case 2), repolishing
treatment and rewashing treatment were conducted.

10 On the other haﬁd, in cases including foreign matter where the intensity of diffracted
light was 7000 mV or more and the intensity of scattered light was less than 3000 mV
(case 3), the product was considered to be defective.
[0072] |
With respect to repolishing,. only the finish polishing step was conducted, and
15  polishing time was 2 minutes. Case 1 is equivalent to the case where there is only foreign
matter of low adhering strength. Case 2 is equivalent to the case where there exists
foreign matter of intermediate adhering strength, but not foreign matter of high adhering
strength. Case 3 is equivalent to the case where there exists foreign matter of high
adherence strength. Consequently, with respect to the substrates of case 1 and case 2,
20  after conducting rewashing treatment, or repolishing treatment and rewashing treatment,
evaluation of foreign matter was conducted by the same method, and the product was
considered to be defective in cases where it was again confirmed that foreign matter of
0.4 pm or more existed.
Table 1 shows the results of evaluation and the results of evaluation after retreatment
25  for these 10,000 substrates.
[0073]
Table 1



15 vacuum chanber in which an alum num all oy substrate for hard di sk was
set was evacuated in advance to 1.0 x 10-5 Pa or |less. The substrate used
‘here* had an outer dianeter of 65 mm an inner dianeter of 20 nm and an
aver age surface roughness (Ra) of 2 ang%trorrs (unit: A 0.2 nm. [0077]
20Next, using a DC sputtering apparatus (C 3040, manufactured by Canon

Anel va Corporation), Thi S SUDSTT RERbPErSuead Nt | Rluder bddclRL €d| W t h an
FeCoB fil m havi nL) a layer thickness of 60 nm asumdus@bfer BGARIE € | ayer, an
Ru filmhaving a Tayer thickness of 10 nmas an 1nternedi ate layer, and a
70 Co - 5 O - 15 PG °8F b2 |al | oy 134 m haviing a I aybr thickhess of 15 nm
and a 70 Co - 5 Cr_; t15 Pft a?l oy fil mgavi ng a | ayer r7$| ckness|of 2514 nm
as a recording naghBYPE 975587 -1 6078] Next, a'fesist was applied
thereto by spin co%%gtrggsgfgasf?r a resigt layen with a thickness of 100 nm
Novol ac resin which 1s an ulfraviolet-curing rnesin was used for the resist.
5Usi ng a gl 3957 tanp having a positive pattern of a magnetic recording
pattern, in a condition where this stanp was pressed upon the resist |ayer
at a pressurgs fown MPPabi@ PP AKX lrég?éalta te §ibk@hteEBPasc 1! 7@ RirhR BERI be
conducted with ultraviolet rays for 10 seconds from above the glass stanp
t hat had andeliftoactetatle pyduttsebisrarchtirene With 368seor tonthe Qubsgttatds g dake2y esi st
| ayer. Subsequently, the stanp was separated fromthe resist |layer, 10

t r ansf er r 20% @& man vewldbemealeantioactentable prodestp bpdétregtmentt he nmagneti c
recording pattern to the resist layer. [0079] The convex-concave pattern
transferred [0872he resist |ayer corresponded to a magnetic recording
pattern of 271 k-tracks/inch, where the convexities were circunferentially
15 shaped wi4h oS WhGY & GRIHRTSEés BEHE &)1 e caseaherech SubRHsaving y
shaped witth a wwdth of 30.nm ,th hi.ckness of t resist. | ayer s .65 nm
and the. QEPERD P e SHESICHES @3 5fetibe PREDES, AN SRETIBH P HAIER) 5

Fg‘o 8g]h,e AW ifig Wikl HHRE Gle Libildi& BORBANG i RS Bl CariWel 3G End BEatRRAL : 90-

was possible to improve productivity during manufacture. of aluminum alloy substrates
10  that are substrates for hard disks by using the surface inspection method of the present
invention in the inspection process for all substrates.
[0076]
(Example 2)
In Example 2, manufacture of hard disk media was conducted. Specifically, first, a

15  vacuum chamber in which an aluminum alloy substrate for hard disk was set was
evacuated in advance to 1.0 x 107 Pa or less. The substrate used here had an outer
diameter of 65 mm, an inner diameter of 20 mm, and an average surface roughness (Ra)
of 2 angstroms (unit: A, 0.2 nm).

[0077]

20 Next, using a DC sputtering apparatus (C-3040, manufactured by Canon Anelva
Corporation), this substrate was sequentially laminated with an FeCoB film having a
layer thickness of 60 nm as a soft magnetic layer, an Ru film having a layer thickness of
10 nm as an intermediate layer, and a 70 Co - 5 Cr - 15 Pt — 10 SiO; alloy film having a
layer thickness of 15 nm and a 70 Co - 5 Cr - 15 Pt alloy film having a layer thickness of

25 14 nm as a recording magnetic layer.



20Next, the concave sites of the resist |ayer were renoved by dry etching.
As for the conditions of dry etching, 02 gas was set to 40 sccm the
‘pressure was set to 0.3 Pa, the high-frequency plasna power was set to 300
W the DC bias was set to 30 W and theg-etching tine was set to 10 seconds.
[ 0081] 25Next, the sites on the recording nmagnetic |ayer that were not
covered by a mask- |l ayer were treated by ion beam The ion beam was

gener at ed u&pﬂaﬂa m xed gas consisting of 40 seemof nitrogen gas, 20 seem
of hydrogen gas, and 20 seem.of .nean., The anount of.ion was X 1016
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nm second,.. i I 90 - . . f the
28 recordﬂﬂga%%%neyﬁiﬁﬁa§gY&3£§”%§§%%$‘§%§8?%§“¥%%§F5§ﬁ%hggg%ggﬁg%Fggér at
a thicknessg;@ef approximately 14 nmunder the treatnent site was anorphized
by i on beaminjection, decreasing magnetic coercive force by approxi mately
80% [9082] Bdkxt, glﬁssssitdlﬁ;eﬁmhg&mﬁ%qia&é@notc@ﬁia%widﬁﬁc&ﬂg@rwteﬁgrrmund
filmwas fornmed on this surface by spin coating. The spin coating was
conduct ed ctmditien phieregthids Stampnivas prpsedi ipoanthe rredstt lagersaths preagige toffidt Mas set
in a spin coater, the substrate was rotated for 5 seconds at 500 rpm and
was subseppemAipaiebt ifedefon)? isediainis was @odocted withapliraviddet faye 20 19econds
at 5000 rpm After an organjic conpound filmwas applied to the substrate
10sur f ace SeqRfls fremgahove thoglgeusiamp ithahbad an wlradolsyray trapgmittangs ofdYp or

ul traviol et ra}/ls. 0083%( I\E t, wet pgl i shing was erform.?%l on the
surface ofM¥RHEERSITSHE laYgieSHSPIUANGhE SAmP TR sePHated fiom g reeistdayethat

is, Wth i to ' ' in ' he L shin
soi ut 1O, VETEEThgattoh 06, AL EBH S Sp FRIMEIBE bt N o
of 1 rrassﬂ%;re%/ygttl Qprimary particles at 50 nm and secondary particles at
300 nm As polishing auxiliary agents, sodium para-toluenesul fonate was
added theret@oa$) a concentration of 5 mass % and benzotriazole was added
at a concentration of 0.1 mass % Pure water was used as the nmedium of the
pol i shi ng sdlhd doamex-Ehrecapopatedmn frgnstatred toahe waist lagert dorteggbrided to?a fagadrits
prior

recording pattern of 271 k-tracks/inch, where the convexities were circumferentially

15 shaped with a width of 64 nm, the concavities were circumferentially shaped with a
width of 30 nm, the thickness of the resist layer was 65 nm, and the depth of the
concavities of the resist layer was approximately 5 nm. The angle with respect to the
concave substrate surface was about 90°.

[0080]

20 Next, the concave sites of the resist layer were removed by dry etching. As for the
conditions of dry etching, O, gas was set to 40 sccm, the pressure was set to 0.3 Pa, the
high-frequency plasma power was set to 300 W, the DC bias was set to 30 W, and the
etching time was set to 10 seconds.

[0081]

25 Next, the sites on the recording magnetic layer that were not covered by a mask layer
were treated by ion beam. The ion beam was generated using a mixed gas consisting of
40 sccm of nitrogen gas, 20 sccm of hydrogen gas, and 20 sccm of neon. The amount of

jon was 5 x 10'® atoms/cm?, the acceleration voltage was 20 keV, the etching speed was

0.1 nm/second, and the etching time was 90 seconds. The treatment depth of the



20to the start of treatnent at an instillation rate of 1 cc/m nute. [0084]
Pol i shi ng pads nade of urethane foamw th a thickness of 2 mm were
“enpl‘oyed, the rotational frequency of the planar surface plates was 100
Fpm the rotational frequency of the sggstrate was 60 rpm and the
oscillation speed of the non-magnetic bstrate was 25cycled at 2

ti mes/second with an oscillation width of 2 ¢cm The pressing | oad on the
subst r at eTesaEding magasticclaper W1t pa, pwl t@ﬁpmdmgrmagmgc ayes alcd Haekneppefa 5|
Next, after the bstrate s _.spin washed usin re ter, the pol.ished
sur f ace ofPRIREITRAEY (a0 YI4ET RLHTATRER Lot PRI Ze Baion bl ueaH iR
apparat us (NS7O00R, - 29 TBALASIUESY, by, b haghboH gh- Technol ogi es

Cor porat i on3 g NeFams Cranner asy@%nﬂe Y P6?)86] Wth respect to the
surface insg@@gion of the substrates manufactured in Exanple 2, 5 detection
of foreign t e]r was conducted up to the detection limts of the apparatus

(assuned t o NextOakilgdhg@ioxhiRSskeletdd 8srthihingadrighiiic WaMpIBAE fAMCRAS Fdihell 2 Site
where there was foreign matter with an intensity of diffracted Iight of

5000 nV othissufacnty apin vdaingl (The adpirs cadtingr eds |cbgdhicteall b AMpping ar0.franle
(site 1), a site where there was foreign matter with an intensity of

di f f r act edompggition erte thhsubsB@OGhatiwagrsdt iarn $pim epatért theofubgttate was ratated o1 ght

| ess than 2000 nV gsite 2), and a site where there was foreign matter with
an i nt enstsgcaiids @t PG mun.cand| waghubssugohorotaiedotor Areeonds @t 3000 s e thenof
scattered_|light |ess 2000 . nV (site 3). Site 1 corresponded to a site
wher e t hef® hscaniat %@@1 W~a%ﬁ%§?@§g3@a%?%gp%ﬁnd56ﬂ 9 208 i the gebYgte

i nsuffjcien hi .S respond to a.site . e there was
wnesitn Srassh i M€ ShRpufFiRERACET B Prdidich i fER Sl ing. and

site 3 15cor@gg onded to a site where polishing grains had stuck into the
substrate. | %

Next, wet polishing was performed on the surface of the substrate. The polishing
conditions were as follows.

That is, with respect to the abrasive grains contained in the polishing solution,

15  cluster-shaped diamond particles were used at a concentration of 1 mass %, with primary
particles at 50 nm, and secondary particles at 300 nm. As polishing auxiliary agents,
sodium para-toluenesulfonate was added thereto at a concentration of 5 mass %, and
benzotriazole was added at a concentration of 0.1 mass %. Pure water was used as the
medium of the polishing solution. The polishing solution was instilled for 2 second_s prior

20  to the start of treatment at an instillation rate of 1 cc/minute.

[0084]

Polishing pads made of urethane foam with a thickness of 2 mm were employed, the
rotational frequency of the planar surface plates was 100 rpm, the rotational frequency of
the substrate was 60 rpm, and the oscillation speed of the non-magnetic substrate was

25 cycled at 2 times/second with an oscillation width of 2 cm. The pressing load on the
substrate was 0.5 kgf/cm?, and the polishing time was 60 seconds.

[0085]

Next, after the substrate was spin washed using pure water, the polished surface of

the substrate was examined using a disk surface inspection apparatus (NS7000R,



As a result of evaluation, 25 spots corresponding to site 1 were observed,
51 spots corresponding to site 2 were observed, and there were no findings
‘of gite 3. Consequently, the substrates were rewashed, and reeval uati on was
subsequent|y conducted with respect 2059 adhesions to the substrate
surface, in which it was confirnmed that”"all sites 1-3 had been elim nated.
[0088] Thereafter, the_ substrate_ surface S subjected to etching on the
order of M3l aﬁ%’?‘?ﬁjg%b’oﬁltﬁ%ta heRestigologies EOMAFAHOR) 1A the AR HBEZGE1 254 rm
was forneg ?ﬁ fﬁg CVvD net hod, 25 and 2 nmof |ubricating agent was applied
~to produce*®Bnagnetic recording nmedi um [0089] Wth respect to this
magneti c req@bghng medi um using a glide tester provided with a

pi ezoel ectric-el'ement head, eval uation was conducted by setting the glide

hei ght of t hgrifiqathebOro3te BMRFAdNRsLALRDE clRbYRRE hbfufGatdanEdBpisar f ace
of the magnetic recording 30 mediumin the case where there are no defects

on thessudé@eson of €28igh mattehSwa Eddiutted upOtoPthe] detdction JimYey 6f EHeSpdRtusOn t he
surfaces of the nmagnetic recording nedia. Therefore, by enploying the
surface i (spantd wnbar@l hoal oolesth €lpsdeetidn way entle according té asjge stheonthefe al |
speci mens of the magnetic recording nedium the manufacturing process for

t he magnetag foredgr diater withian {thensity dif sdiffrastidadightoefi 2009emap pr aprre 2nd| an
conducted, and nedia coul.d be manufactured with a high degree of surface
snoot hnes gqter[sg@@f]scitg%glg qf)2000 mV or more (site 1), a site"where there was foreign

matter with an _ intensity of diffracted light less than 5000 mV and an intensity of
10  scattered light less than 2000 mV (site 2), and a site where there was foreign matter with

an intensity of diffracted light of 5000 mV or more and an intensity of scattered light less

than 2000 mV (site 3). Site 1 correspbnded to a site where there was adhesion of abrasive

grains or polishing dust due to insufficient washing, site 2 corresponded to a site where

there was adhesion of polishing auxiliary agents due to insufficient washing, and site 3
15  corresponded to a site where polishing grains had stuck into the substrate.

[0087]

As a result of evaluation, 25 spots corresponding to site 1 were observed, 51 spots
corresponding to site 2 were observed, and there were no findings of site 3. Consequently,
the substrates were rewashed, and reevaluation was subsequently conducted with respect

20  to adhesions to the substrate surface, in which it was confirmed that all sites 1-3 had been
eliminated.

[0088]

Thereafter, the substrate surface was subjected to etching on the order of 1 nm using
ion beam etching, a DLC film with a thickness of 4 nm was formed by the CVD method,

25  and 2 nm of lubricating agent was applied to produce the magnetic recording medium.

[0089]

With respect to this magnetic recording medium, using a glide tester provided with a
piezoelectric-element head, evaluation was conducted by setting the glide height of the

head to 30 nm (the distance between the head and the surface of the magnetic recording



10l n Exanmple 3, first, a washed gl ass substrate (2.5 inches in external
form manufactured by Konika Mnolta, Inc.) was housed inside the film
“formati on chanber of a DC nagnetron sputteri ng apparatus (C 3040,

manuf act ured by Canon Anel va Corporati 38 and the interior of the film
formati on chanber was evacuated to an ultimte vacuumof 1 x 10- Pa.
Subsequentlé/1 an adheS| on layer with a thickness of 10 15 nmwas fornmed on
top of thmsdiymud gg@gtw@[%thggqqqgngdgfgc@on thogprigcek ar get . A soft magnetic

| ayer with a[é%ckness of 34 nmwas fornmed on top of this adhesion |ayer at
a substrate !f erature of 100C or less, using a target of 46 Fe - 46 Co -

SZr - 3B {fs a %teﬂtg pro?gcu%}l? E%ege ﬁse%dco%ntthg @hrfaé@ ﬁgtﬂ?%%gr{gtlczrrﬁcorgf}nt ent: 5
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establj Shﬁﬂp&ﬁlohh@f anf§pe6msﬁ§td)fcménﬁﬁghateefeco{cﬁﬁg%edlumN% mzhh%fd&ﬁlrﬂa@ N -
6 W{Wcontent: 6 atomic % rermainder Ni} target and an Ru target, film

f or mat i onpwasssr fos phe trhagiletic cocddingetiedia (hhrds dskguediae couldtbhe apprepsasiyof 5
nm 25 and 20 nmon top of the aforenentioned soft magnetic underl ayer, and
this was ewtdublefdsinddnedia cordd be memuteciuoed wishahigh degyesrof spdag3moothidext , as a
magneti c Iayer of multilayer structure, |am nation was conducted upon this
orientation [@8%rol layer of Co 12 Cr 16 Pt - 16 TiO2 with a | ayer

t hi ckness of _3 nm 5 31 C 22 Pt - 4 Si02- 3CG203-2Ti2 wth a

| ayer thi ckrEZample nm Ru 47.5 Co with a |layer thickness of 0.5 nm and

Co 1516} 16 Lﬁt EQaJEpIWi t3,h ﬁ’;}‘stl, ay e\LasthQ& Céigs%s %ul?sftragé Qﬁ“s inches in external form,

manufactured by Konika Minolta, Inc.) was housed inside the film formation chamber of
a DC magnetron sputtering apparatus (C-3040, manufactured by Canon Anelva
Corporation), and fhe interior of the film formation chamber was evacuated to an
ultimate vacuum of 1 x 10 Pa. Subsequently, an adhesion layer with a thickness of 10
15 nm was formed on top of this glass substrate using a 60 Cr — 40 Ti target. A soft
magnetic layer with a thickness of 34 nm was formed on top of this adhesion layer at a
substrate temperature of 100°C or less, using a target of 46 Fe — 46 Co — 5 Zr— 3 B {Fe
content: 46 atomic %, Co content: 46 atomic %, Zr content: 5 atomic %, B content: 3
atomic %}. After forming an Ru layer with a thickness of 0.76 nm thereon, another soft
20  magnetic layer of 46 Fe — 46 Co — 5 Zr — 3 B was formed with a thickness of 34 nm, and
this was established as the soft magnetic un.'derlayer.
[0092]
Next, using an Ni — 6 W {W content: 6 atomic %, remainder Ni} target and an Ru
target, film formation was respectively conducted in this sequence to thicknesses of 5 nm
25 and 20 nm on top of the aforementioned soft magnetic underlayer, and this was
established as the orientation control layer.
[0093]
Next, as a magnetic layer of multilayer structure, lamination was conducted upon this

orientation control layer of Co 12 Cr 16 Pt — 16 TiO, with a layer thickness of 3 nm, Co 5



[ 0094] Next, a carbon protection |ayer was formed with a thickness of
2.5 nmby the CV/D 5 nethod to obtain 1000 speci nens of the magnetic
recordi ng nedi um of Exanple 3. [0095] Next, a lubricant film consisting
of perfluoropol yether was formed by thgldipping met hod to a thickness of 15
A. [0096] 10Next, the magnetic recording nedia coated with |ubricant were

bj ected t I pi pg. t t t. th I pi { , | i ite fib
w Th o wi FEIATAmA SI0wT 6T 23 a0 B b bishes oh S by adeamihasi n
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was 10 nnisq@@@ﬁ, the pressing force during pressing of the 15 w ping tape
agai nst the nagnetic recording nmediumwas 98 nl\N, and the treatnent tine was

5 seconds. [QO37d carbolNg¥dtectioR9afBRANR bfmEL GRS MEKHBI 94 § RAl bha’ cvger gone
W ping treatnment was subjected to burnishing treatnent. As the burnishing

tape, 3apmetRd td9BAId N0 EPEEIMEAs ofthy Siaghetily R¥bdirgyediahWiBxampas 3.1 cl es
havi ng an average particle size of 0.5 p.mwere fixed with epoxy resin onto
filmmade of[0p2ilyet hyl ene terephthalate. Wth respect to the burnishing
treatnment, the rotational frequency of the magnetic recordi ng medi um was
300 rpm t heNexbed lutgtcaniofilm [pengisfings of ngﬂvamog@&lewfamfp@%bhn the Hwppigessi ng
force during pressjng of éhe pol i shing tape agai nst the nagnetic di sk was
98 m\, anawﬂﬁ@t?ﬁé@P $0bE Al e was 5 seconds. [ 0098] Next, the surface
of the obtaigg? magneti c recordi ng nmedi um was exam ned using the sane disk
surface insd: @on appar at us (NS7000R, manufactured by Hitach

Hi gh-fgchnol T@@!t,et‘ﬁe qpﬁg?l@(i@%c%@ing TR Eheddnw s %c%mlWere?’%bjeg%%gtL wiping

treatment. As the wiping tape, peeling composite fiber with a wire diameter of 2 pm
composed of nylon resin and polyester resin was used. With respect to the wiping
treatment, the rotational frequency of the magnetic recording medium was 300 rpm, the
feed rate of the wiping tape was 10 mm/second, the pressing force during pressing of the
15  wiping tape against the magnetic recording medium was 98 mN, and the treatment time
was 5 seconds.
[0097]
Next, the magnetic recording medium that had undergone wiping treatment was
subjected to burnishing treatment. As the burnishing tape, tape was used in which
20  crystal-growth-type alumina parficles having an average particle size of 0.5 pm were
fixed with epoxy resin onto film made of polyethylene terephthalate. With respect to the
burnishing treatment, the rotational frequency of the magnetic recording medium was
300 .rpm, the feed rate of the polishing tape was 10 mm/second, the pressing force during
pressing of the polishing tape against the magnetic disk was 98 mN, and the treatment
25  time was 5 seconds.
[0098]
Next, the surface of the obtained magnetic recording medium was examined using the
same disk surface inspection apparatus (NS7000R, manufactured by Hitachi

High-Technologies Corporation) employed in Example 1.



Wth respect to the surface inspection of the substrates manufactured in
Exanpl e 3, inspection of foreign nmatter was conducted up to the detection
‘lim'ts of the apparatus (assumed to be 0.1 gmor less). Cassification was
made according to a site where there 5 yas foreign matter with an intensity
of diffracted |ight of 5000 nV or nore”and an intensity of scattered |ight
of 2000 nV or _nore (site 4), a site where there was foreign matter with an
intensity of(08Y%f r act ed light Iess than 5000 nmV and an intensity of

tt d light | th 2000 .nvV it , d ite. wh
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pol i shing dust at the tinme of ‘burnishing treatnent, site 5 corresponded to
a siteswhene fhRemematsr asthesi BiterRfty WIRiiffeaceidSligld Usfl SEOWnNY Bf nidré€ahfeit , and
site 6 corresponded to a site where polishing grains had stuck into the
magnet i ¢ imeasitgiofgcaededilighd Lrfi20§0 b wr mhaki (Sige 4), aaditeenlicre [tixtOBjas forem a
result, there were 15 specinmens of magnetic recording nedi a having only
site 4 (camtteswith perintepgitye of Ziligeter nleghd loss Hagn2Q00c m\e cod dam intensetly aof
containing site 5 and not containin%asite 6 (case 6), and there were 13
1A

speci mens Setterpddigbt jass thap 2080 myY AW 2l 2 Hta Where Mifre Was Igeigagaattey yith
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was renoved Tor the magnetic recording nmedia. A m w t ness
of 4 nm waslidhek tRY thd'8me\d? viRtibadg tRBtheht iRk DlofredPpbhdal ioNd sidd Rhkranas
applied to produce the nagnetic recording nmedia. Wien the surfaces of the
magneti c feeowds adhesidi of vapingahst durigy wipiiisecatentD indisich 6 temrespbhddd to a
interference optical mcroscope (1000-fold), it was found that 33

site where polishing grains had stuck into the magnetic recording medium during

15 bumishiné treatment.
[0100]
As a result, there were 15 specimens of magnetic recording media having only site 4
(case 5), there were 12 specimens of magnetic recording media containing site 5 and not
containing site 6 (case 6), and there were 13 specimens of magnetic recording media
20  containing site 6 (case 7). Consequently, the substrates were rewashed, after which
reevaluation was conducted with respect to adhesions to the substrate surface, in which it
was confirmed that all sites 1-3 had been eliminated.
[0101]
Thereafier, the magnetic recording media of cases 5 and 6 were again subjected to
25  burnishing treatment and surface inspection, whereupon all foreign matter was removed
for the magnetic recording media. A DLC film with a thickness of 4 nm was formed by
the CVD method, and 2 nm of lubricating agent was applied to produce the magnetic
recording media. When the surfaces of the magnetic recording media of case 7 were

observed by a differential interference optical microscope (1000-fold), it was found that



alum na particles were stuck into all of the magnetic recording nedia
surfaces. [0102] Therefore, by enploying the surface inspection nethod
‘of t'he present invention in inspection of all specinens of the nagnetic
recording nmedium it was possible to 5§gpropriately determ ne defective
products during manufacture. Preferred exanples of the present invention
have been descri bed above, but the present jnvention is not limted to
these exaflyuRa PaHelRs WSWSS}uCéfﬂﬂ@sqlldﬁﬁl}e YREASHCTEeATdNE meshpsusiases
nndificatioqﬁ ég configuration are possible within a scope that does not
depart from ¥l ntent of the present invention. The present invention is

not limted i Lot nek 4 i.m.ted. by the
scope of t he%ﬁ%@%dég%%é] H@%&%cgﬁ%ﬁk@ ﬁ*ﬁE‘%@%@h&ﬁ%@%ﬂ&B@f@f aser

| i ght sou iho i1r oAl a - - et (k& i ght
neasuringhﬁggﬁﬁ? ?%3% %?ghﬁ%kggé?Eiﬂ%bﬁ%$tk%§§%@%%§9p dtgdg%%é%%%ﬁ%stkond
|'i ght sreagpprbpiiatolydtemirR defébfive pRAQEN dafng RiahufAcegYput i ng uni t

(determ ning nmeans) L laser light 20D diffracted light S scattered |ight
Preferred examples of the present invention have been described above, but the
present invention is not limited to these examples. Additions, omissions, substitutions,
and other modifications of configuration are possible within a scope that does not depart

from the intent of the present invention. The present invention is not limited by the

10  aforementioned description, and is only limited by the scope of the appended claims.

DESCRIPTION OF THE REFERENCE SYMBOLS
1 laser light source (light irradiating means)
2 first photodetector (first light measuring means)
15 2a light-receiving unit
3 second photodetector (second light measuring means)
3a light-receiving unit
computing unit (determining means)
laser light

20 diffracted light

»n g = s

scattered light



34 CLAIMS 1. A surface inspection nethod for inspecting a surface of an

i nspection subject having a specular surface, conprising: a step in
‘whi c¢h the surface of said inspection subject is irradiated with light from
an 5 oblique direction; a step in V\? ch neasurenent is conducted of an
intensity of diffracted light that is diffracted by adhering foreign matter
anong light that is regularly reflected at the surface of said inspection
subj ect ; a step in which mea§ddMht i s conducted of an intensi ty
of scattered,light that .is 10 irreqgularly reflected by said adherin

Por et gn. it + Arsuttace lyiipesiof smsthad fof isoRtont 4Her 46 ot SaRHoB o BROL T e gn
matter ad j t e .ace of said inspection subject is determ ned
based on %&g%%?zgﬁgﬁ%&fgéﬁﬁ%ﬁgor an intensity of said diffracted |ight that
I's reqularly;, kehle@hed thaREAR JFLRITALLEHON stfbd iS GRIdRELHith gt sblialy 1S
irregularly a}ef clact ed. 152. The surfacﬁe flnss‘g?t(?clm_ rretaﬁod écc%?dfrng to
claimji, whBp§& dir”fiogdhering strength of a foreign matter adhering to the
surface of said inspection subject is determ ned. 3. The surface inspection
met hod accorditep ih evidtlaimeadurembrgrieiconduetddnef aefiiterditglo€ difffrabiedhight tat id s

radi ated onto the surface of said inspection subject is 30 or nore and | ess
t han 90 widifiracted bg@dhering fheeigumbtiereanndngdlighd thah sypegulady reflebied @t thez0rface The
surface inspection nethod according to claiml1l, wherein an angle of said

di f f r act e@f p3igprSPEGION SuBieFlaci dent upon a | i ght-receiving unit when
diffracted light .is received by said |lighf-receiving unit is _equal to an

i nci dent ang? 8B WhRR I‘T%ﬁ{re‘i‘lgntr‘écﬁ(’&fhé‘ge‘{)ﬁf 80 dpEn Y, 9iatcatieypd S&F'ﬂthat 18

i nspegtion_subj ect 5. The,.surface. inspection nmethod according to claima1,
whereif anreitEFisnea8s i 8o Mo BRI Bt T har i o i nei dent upon a

i ght-recei vifpg, Yl CRhERELhrdit of StokGEF) |

l'i ght -receiving %J{E[IB trl %&goﬁor Fesgg vd t r%spé)ciag{r‘&on\é?t%regaéﬁﬁﬁﬁggoethgfsursfg?ed.

i nspect i onfsabjifpletionfsubfelisdéidrAGRod BASREST HRBsBh & FeABS MrinndtehGiteb@i M 1,
wherein an angl e of said scattered light that is incident upon a

| i ght - r ecehididiffradteidtlighbhthat Baagile e ebfleb @] aridsan’ i@BEves)f saitbscattered light that

is irregularly reflected.
15 2. The surface inspection method according to claim 1, wherein an adhering strength of
a foreign matter adhering to the surface of said inspection subject is determined.
3. The surface inspection method according to claim 1, wherein an incident angle of
light that is radiated onto the surface of said inspection subject is 30° or more and less
than 90° with respect to the surface of said inspection subject.
20 4. The surface inspection method according to claim 1, wherein an angle of said
- diffracted light that is incident upon a light-receiving unit when diffracted light is
received by said light-receiving unit is equal to an incident angle of light that is radiated
onto the surface of said inspection subject.
5. The surface inspection method according to claim 1, wherein an angle of said
25  scattered light that is incident upon a light-receiving unit when scattered light is received
by said light-receiving unit is 30° or less with respect to the surface of said inspection
subject.
6. The surface inspection method according to claim 1, wherein an angle of said

scattered light that is incident upon a light-receiving unit when scattered light is received



by said light-receiving unit is 20 or nore and 30 or less with respect to
the surface of said inspection subject. 7. The surface inspection nethod
‘according to claim1, wherein laser light is used as the light that is
fradi ated onto the surface of said insp%gtion subj ect. 58. The surface

i nspection nethod according to claim 1, “wherein the surface of a disk
constituting said inspectiqn,squect is insgected while light that is

radi at ed BREHdilBt-EerervaRBUNE 1 H]“ordnak and 30381 sk yiticrsprestito the syrfacsnef ti on
where said.di.sk i.s rotated around a central axis. 9. A surface

i nspect i oM APFRFAHUSUPISFY i nspecting the surface of an inspection subject 10
havi ng a sp I .SLOg: 1110 | F i at} i ch
'y adi at gt e Srfapelngfon SRId BEARne (@ i, I9Wheloh] RGP R JEFRGHEN <0
obl i que di;pRihhq8radiateorfth Hi surfa8dbf HEPRYpdREN g@g@&. whi ch has a
light-recerving unit that receives diffracted light that is diffracted by

adher i ng BOrEdegsuriRE tiypeaionNgiethodiccdriiy toscldigg ] whérdin' @ikl saethedofl pliyskt he
surface of said inspection subject, and which nmeasures the intensity of the

di ffract edonstighingt daéd inspecteoresubgett Hy ihdpested i voliite tiglatethdt fyg radiated onto ehesecond
i ght nmeasuring nmeans which has a light-receiving unit that receives

scat t er ed syuifagigtof thyg diskgs radiadlyidcanned, ineg ¢anditing where adid dadhie rotatgd fanruaidgn
matter, and which neasures the intensity of the scattered light that is
recei ved BSAAhA%IS| j ght -receiving unit; 20 and a deternining means which

det i nes ap adherin ondition of a forei matter adhering to the
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i nt it . dif i red by said first |ight neasuring neans,
ggde?ﬁg ?H?éﬂg%fé&%%ﬁggg%%%géaﬁﬁﬁégt neagured by said sgcond | i ght )

nmeasurin . : T i at. q j: @ claim
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9, wherein sal et erm hi ng neans determnes an a ngth of a

forei gn maghekorndheblige difectibg surface of said inspection subject. 11. The
surface inspection apparatus according to claim9, wherein an incident

angl e of | i ghfirst ight measufiag afeans which hiab e light-feaeieingfumstathal rebs pecditfeattelubj ect
fromsaid light irradiating neans is 30 or nore and |l ess than 90 with
respect t bighththasigrdiffmetedfbysadhdring §qreigninatter 3trongjght that is regularly reflected

15 by the surface of said inspection subject, and which measures the intensity of the
diffracted light that is received by this light-receiving unit;

a second light measuring means which has a light-receiving unit that receives
scattered light that is irregularly reflected by said adhering foreign matter, and which
measures the intensity of the scattered light that is received by this light-receiving unit;

20 - and a determining means which determines an adhering condition of a foreign matter
adhering to the surface of said inspection subject based on measurement results for the
intensity of diffracted light measured by said first light measuring means, and the
intensity of scattered light measured by said second light measuring means.

10. The surface inspection apparatus according to claim 9, wherein said determining

25 means determines an adhering strength of a foreign matter adhering to the surface of said
inspection subject.

11. The surface inspection apparatus according to claim 9, wherein an incident angle of

light that is radiated onto the surface of said inspection subject from said light irradiating

means is 30° or more and less than 90° with respect to the surface of said inspection



12. The surface inspection apparatus according to claim9, wherein an angle
of said diffracted light that is incident upon a light-receiving unit when
"difff'racted light is received by said light-receiving unit of said first
light nmeasuring neans is equal to an 5i,ncident angle of the light that is
radi ated onto the surface of said inspéction subject. 13. The surface

i nspection apparatus according to claim9, wherein an angle of scattered
|ight thafUBI&ti nci dent upon a light-receiving unit when said scattered

l'ight i ived.by said.light- i Vi it of i.d d light .
reasur ng el 0 ST AR At ot SSopiesel 4tk %? it
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l'i ght - r ecedogjvag Hﬂ/né:a‘id Ure_ééi@ih%%ﬁdoii éaﬂhhréﬁiéﬁ??fféa&%g%eéﬁi d equal to an
| ight-receiving unit of said second |ight neasuring neans is 20 or nore and

30 or §esmadMdnbakgle peGk light thheis sadidtad BntoithSQirfhct BERLE InspertivHBiisiett.

15. The surface inspection apparatus according to claim9, wherein said

| i ght irra8iBhid sugfatsimsaesionrappatafk escdriimgso ciain e, ofhesdn dn ianglpedistaterabj ect
with laser light. 16. The surface inspection apparatus according to
claim9, &ehipthakisripeident upon @tlight-ovrgiving: umis whish shidrssatiared lightdis greeived by
constituti ng sai d inspection subject _around a central axis; ] and a
scanni ng FEAMEhtvRcENINEIIIEeT spidsieserd lighfneasnarg meansgi38t or leshPathiRwestr f ace
of 20said_ disk. . 17.. A nmethod of . manufacture of a magnetic recordi ng nedi um
subst r at e © PG EHReE Hg2d 18PsFI9H SRt h t he surface of a magnetic recording

modi ugh SubsUTR) Sk ASREALPpHIL0 LRGRY Lok DRARKLATEINOGAGRET Il ng

to claim manufactur neti c recording nedi um

icggp” S ”Qcﬁt_e&?deﬁg#t fhat % WBIER JpdR aSipht-A58iviig &imﬂ&?kéa&efe@qghgis%c%éﬁ umis
pected using the surface 1 nspection nmethod according to alm 1.
by said light-receiving unit of said second light measuring means is 20° or more and 30°
or less with respect to the surface of said inspection subject.
15. The surface inspection apparatus according to claim 9, wherein said light irradiating
15 means irradiates the surface of said inspection object with laser light.
16. The surface inspection apparatus according to claim 9, comprising:
a rotational means which rotates a disk constituting said inspection sﬁbject around a
central axis;
and a scanning means which radially scans light that is radiated onto the surface of
20  said disk.
17. A method of manufacture of a magnetic recording medium substrate, comprising a
step in which the surface of a magnetic recording medium substrate is inspected using the
surface inspection method according to claim 1.
18. A method of manufacture of a magnetic recording medium, comprising a step in

25  which the surface of a magnetic recording medium is inspected using the surface

inspection method according to claim 1.



