; e3e <HT6T{,, u~Ow~nnu~ i ~~~~~~u~s~ o0 E =~ a , a z . a DEFECT DETECTI NG
APPARATUS 5 Technical Field ~ Ap R 2003 The present invention relates to a
defect 10 detecting apparatus for detecting macroscopi c defects such as
filmthickn fi#AiImNs, contam nation, pattern steps, and flaws on the
surface of mmmummmmeWMtor waf er substrate or a liquid crystal gl ass
substrate. Backgkpund Art A surface defect ;detecting appar at 4§ QPsdﬂBsed 15
20 25 .in Jpn. Pat. Appln. KOKAlI Publication No. 9-61365 is a conventi onal
appar at us f;m @H\Mﬁﬁ‘mw‘ml |y inspecting substrates such as sem conduct or
waf er subst ilillui d crysta I ubstrates.. This apparatus
illum nates m ace of an obe?t%tgsgeidgtgc?eg ghd senses i mages of
the regularly ref®®ted light, diffracted |ight, and scattered |ight from
the surface. In this way, the apparatus can detect filmthickness
variations, periodic disturbanggep IS4 t h&ferences in
sectional shape between resi st st%é%,ﬁgﬁ%é¥£ﬁgI?ﬁgﬁ%ﬁg?%age processi ng.
However, the surface defect detecting apparatus having this arrangenent
does not automatically optim ze the angle of illum nation and the |ike when
sensing ag image of the diffracted tdecnhit@BR 2Q6@3 42 light. This nmakes
defect inspection in an optinmumstate difficult to perform On the other
hand, a nmethod of autasapireakhy adjesting irlkllutesatioon defesensi ng an i mage
of the 5 diffracted Iight froma substrate such as a sem con ductor wafer
substrate or a HetactiovgyspphrgktassfsubdttaettihgsmbeenspopposdefeEds
exanpl e, a defect inspecting apparatus disclosed in Jpn. Pat. Appln. KOKA
Publ i cati on No.stoh33876ilmesbscknessntierdéationsencentiangnatpantern for med
on a substrate, and checks whether the pattern is a periodic pattern. If
the pattern is RapberBdpéepart apa, flp¥sappatheusuréaseved eheeaiirPpact ed
| i ght and proceeds on to inspection. If the_pattern is a_line-and-space
pattern,1Por 1598%5AHI WafeReSHBgAFatasCSers ladrdfacryiir ladgRESar ound t he
normal of the surface of the substrate such that the line direction is
per pendi cul ar t 8“PRETRAE&F dent direction of illuninating light. The
apparatus calculates a diffraction agg%g 8d tg Ahg pattern pitch 20 by an
n

equation: sin 8 d - sin8i = m-. /p, t2B the diffraction angl e 6d

obt ai ned by this cal gulatisgn.a e%@%&?%%%%d%ﬁpﬁi%ﬁ?d?%%ﬂgidy§cﬁﬁﬂﬁyer’ in
y a m

t he apparatus whi ch automati cal justs 1l t1on when sensing an

i mge of the 25iﬂiB%BQCPS@.|hBBHnQSK@Rﬁﬁer%@i%QQK%n Wbe movereat s@f an
illumnating optical systemis |imted to a narrow range, so the incident

directiopsof thg pbhyehBabhBY apphritABRFER03udohiathicadaRnahspeceasig v
changed. Since this Iimts patterns which can be inspected by this
apparatus, the substrates such as semiconductor wafer substrates and
liquid crystal glass substrates. This apparatus
illuminates the surface of an object to be detected
and senses images of the regularly reflected light,
20 diffracted light, and scattered light from the surface.
In this way, the apparatus can detect film thickness
variations, periodic disturbance of resist patterns,
differences in sectional shape between resist steps,
and the like by image processing. However, the surface
25 defect detecting apparatus having this arrangement does

not automatically optimize the angle of illumination

and the like when sensing an image of the diffracted



apparatus cannot treat objects having various patterns. Al so, patterns
formed -on sem conductor wafer 5 substrates and |iquid crystal glass
substrates are conplicated, and have not only a kind of pattern pitch but
also differ in pattern pitch according to portions on the sﬂﬂ%mpgg@B
Therefore, a good diffracted i nage cannot be necessarily obtaine y the
set diffracted 10 light receiving angle. Fyrthernmore, an optinumdiffracted
| i ght receiving angl e changes in accordance with the influence of a resist
on the substrate and the |ike. Conventionally, defects such as film

Lhi ckness 15 vagightonsperadbe dLSLHEDANGE.OL, LRSLAt ARALEET RSy 2N

differences in sSe on ape between resis on a su such as

a senlconductorsggggrd§gg§&ﬁ@%etgr érk gyid crystal gl ass substrate are
i nspected by sensing an Inter erence 0 servatlon i mage of the 20 substrate.

This interference obggr¥aki 8RnFRAGNGS Qeﬁ%Eﬁb@do@yah@bﬁ%&@%@ﬂQ? betmeen
reflected light fromthe surface of a thin fil g., aresis | m

fornmed on the ss.la§ﬁ§a1ﬁgaﬂmhmghatiban@attséﬁlsihgoaﬁhlhaget Bienthil m and
reflected fromthe substrate surface when 25 illumnating light is

irradiatesl to thersubsteat tigho seomeat Bubsthpaeef enencesobseematban i mage,
illum nating light is made close to a single wavel ength, or ~ 7 APR 2o0as
4 a bandpass fidtetorswafiser sedsbebbeeocanai haigeideasiyngatlegiaes Wien an
interference observation inmage is to be sensed, however, the interference
condi ti ons changebstratacbasdaner pkohoshd.cohldkt esaBPde, aasdbfecht e such
as the thickness and refractive index of a resist film and the wavel ength
(observation ma%éﬁ@ﬁgth?goﬁppﬁréﬁﬂﬁaﬂiﬁglPﬁgﬁtlnsépnnaﬁétseﬁﬁphg may not be
performed under_preferred, conditions. | e, 10 an inage saturates
and makes it inf gg@?b?BbibcéEhgg HA- |ﬁpeﬁﬁgzgl05§§?§aﬁpéﬁrmﬁﬁﬁ€nunder

f d condit Al tys_which sel terch
o urali 15001 baRARGEENERDt Br B2FboERahGEEHCOBbSerREF DR RevENEnGEACER! act s

wevel ongth for BRFFBPH BGS iﬁaégeggﬁifhé BRACPIBFoPart éagﬁﬁia?? Bie. It is
an object of thgapresantsl 0ventisn, booRrouie pudelpgt detecting;gnaaralus

capabl e of sett 0 an opt FUM St € ahg €ast “one n

i11uminating si QﬁeaHQfEPabE@QeHEHE' BHaShE8cHbLl bASBECInLBLaR1BRI eCt 1O be
i nspected, and capable of treating various objects. Di sclosure of Invention

(1) A defect detecthBgpapparat us af 11He-RhES8RhcESphRYeRhl ORoEONPri ses an
object to be inspected, an illumnating unit 1nclined at a predeterm ned
angl e toi1she obggehple,i thadhpbarbhbasobgest awrbhathibuainahyng around
the normal of the surface of the substrate such that
the line direction is perpendicular to the incident
direction of illuminating light. The apparatus
calculates a diffraction angle 6d to the pattern pitch
20 by an equation: sinfd - sinfi = mA/p, and sets the
diffraction angle 6d obtained by this calculation as
the angle of light reception.
However, in the apparatus which automatically
adjusts illumination when sensing an image of the
25 diffracted light as described above, the movement of

an illuminating optical system is limited to a narrow

range, so the incident direction of the illuminating



11 APR 2003 5 light, an inmage sensing unit inclined at a predeterm ned
angle to the object to sense an inmage of diffracted |ight fromthe object
illumnated by the illum nating unit, an angle controller mhif? &aspﬁgges
the inclination angle of at |east one of the illumnating un

i mge sensing unit, an inmage processor which receives the diffracted |ight
fromthe object by using the inmage sensingsunit at each inclination angle
obtai ned by the angle controller, 10 and obtains a |um nance val ue of the
diffracted light at each inclination angle, a determ nation unit which

et e nes tod PLine" dehnblobt bestasulhedols, osehualiAD LR EEsPect 1o

the diffracted ron1 et weén the I'ncl imation angle

and the 15 |Un1ﬁQBE§rM§|Hﬁleﬁt@éﬂegebXnEBE 98 pEHE§S§gEar§?QSantﬁ@9|e

controller which sets the i1nclination angle | east

i 11um nating unippapdttbechnnge ﬁ@@gtnebyabESOHabhﬁ b%&k%oﬁ% FQ%terns. _
determ nati on result fromthe determ nation unit. A defect detecting

apparatus of the pregesb,i puentiras E&rﬁedp@ﬁr@bm;céﬁﬁﬁbtdeWaEekte”‘(1)
above, wherein the angle controller changes the inclination angle of at

| east onesof thsubktuateatiéng LbgtidndriybealnalessessbBgrenet, aker each of
two or nore irradiation 25 positions of the illumnating light set for the
object. (3) A dePmplideted;iagdappueabos ofilyhe pimsent patértnopiitsha
apparatus described in item (1) above, 11 AF R 2DD3 6 wherein the angle
control |l er changet @heo|ﬂtffﬁatinnpahQEGnopléphléagprdmegotOtpertlons
illumpating unit and the inmage sensing unit, for an irradiation position
set in accordane® RhﬁhsabﬁFéag?ern?héﬁe?éﬁﬁonaoﬁopﬁedéﬁFééFteé (BRIR def ect
detecting apparatus of the present_invention is a apparatus descrlbed in

i tem (3) above, C#Peh PﬁrPﬁ%?SﬁﬁﬁbﬁysegtélaﬁgppﬁytﬂﬁlFeﬁh?éﬁ gR§bREys an

f.th bj d by th t d t t
uni ch dobd gnat ckLORE TSR Y 24P aERBAS posFRF ORCF 872 Ene 2By BIELBF ned rogi on

apparatus of i nTBrEesked hoghti BRCRL iRk, parlk,naBeBR bBarroFPRReEL)
above, wherein VEtﬂ gﬁ?pﬁ FEQ&&@E'B@ Ehﬁeéﬁkﬂtbgnﬁﬂbpsﬁﬁ %@S@elﬁPhhe
i nclination angle an he [um nance val ue, the determnation un

determ nes thatfhejfiest-order light position of diffracted |ight having
t he second hi ghest |um nance value is best suited to observation. (6) A

defect detecting appabavéatebnkheypr aegeictZ0 sukvenlsl @1 1S th iJRPRISAL US
described in item (1) above,

15 variations, periodic disturbance of resist patterns,
and differences in sectional shape between resist steps
on a substrate such as a semiconductor wafer substrate
or a liquid crystal glass substrate are inspected by
sensing an interference observation image of the

20 substrate. This interference observation image is
generated by interference between reflected light from
the surface of a thin film (e.g., a resist film) formed
on the substrate and light transmitted through the thin
film and reflected from the substrate surface when

25 illuminating light is irradiated to the substrate.

To sense this interference observation image, illumi-

nating light is made close to a single wavelength, or



wherein if the determ nation unit does not determi ne the nth~-order |ight
best suited to observation with respect to the diffracted light, a
prestored reference inclination angle is set. 25 (7) A defeqq %F%eﬁ i ng
apparatus of the present invention is a apparatus described in € 1)
above, wherein if the determ nation unit does not determ ne 1 7 AP R 2003
7 the nth-order |ight best suited to obseryation with respect to the
diffracted light, the position of the nth-order |ight best suited to
observation is designated froma graph indicating the relationship 5

bet ween the incli I n d.th LN u A def

det ecting appar%tﬁgﬁ%gg§%eg%$%§£n%éi%@%ﬁ?%%ﬁnggfégép%%rgﬁ%gedgggggégd in
item (1) above, g@%gg.further conprises a display unit which displays a
pattern pitch o? the object on a graph indicating 10 the relationship

between the inclinatyganapgl endBdrkPentdNbBaREGa¥abHEinkdL Asdebesk
detecting apparatus of the present invention is a apparatus described in

item (8) above, suheeg] NhéheversptRY URtérdbspha¥Scondi BU6Xsf Bhakge
designating the inclination angle on the graph. (10) A defect defecting
appar at uss of t henpseseptahs¥eni tAnthé eoappaiahysodescsiubetratei 5€8h(9)
above, wherein the display unit displays a pattern pitch corresponding to

t he i ndex. 20 (44)tKedehickndeseahdngefippatavasinfiekhefpaesesistnvention is
a apparatus described in item (1) above, which further conprises a display
unit which di spfays, aagdaphewdavhlengtbspohdesrvatéashwatvedeppbhal ofy of
predeterm ned regi ons on an imge of the object sensed 25 by the inmage
sensing unit, ahdlWRieAtindi tagbs,the rBREe| 8ABALPIbBEYeRALtRE inclination
angl e and the | um nance val ue. ~ 7 APR 2003,8 (12) A _defect detecting
appar at us of theepfeERAE PnRdert PeAfpEradapparatisnaescPfibel FHATPERY (1)
above, mﬁ'ch further congrises a nnvgnenk controller wgich noves a stage on
whi ch t he obj ecli P& cedtFHRWAF 03B A BackharBPORAEPEENtPhES B R
sensing unit sensEs fn inaﬁe of diffracted Iight %ron1t§e obéegt when t he
stage i s noved tBFRAFACHYCPREIHBYERBNE™EEMt PBFFEr [ 28RECEeiSBEL5A Hage of
interference Ii fr Lect. wk [,S s K d. 10
(13) A defect dg?§8fi%§]%§§%?§¥§§ 8$@§ﬁeg%$8§é%?8}kvéﬁ?%gghgggggg%paratus
described in 'Fﬁg%£éii€ 0¥f1b%§§ gs8 Ebﬁtékéuﬂb”éhhﬁgeugh%hSHbE§vht983f

illumnating lig (14) A def detecting apparatus o e present 15
invention is a gppalahysndestetbsdthe WwheBL&AytBPO¥Ep by step.

15 That is, the apparatus does not select a wavelength for
performing image sensing under preferred conditions.

It is an object of the present invention to
provide a defect detecting apparatus capable of setting
to an optimum state the angle of at least one of

20 an illuminating side and an image sensing side with
respect to an object to be inspected, and capable of
treating various objects.

Disclosure of Invention

(1) A defect detecting apparatus of the present

25 invention comprises an object to be inspected,
an illuminating unit inclined at a predetermined angle

to the object to irradiate the object with illuminating



wherein the illumnating unit emts plane illumnating light. (15) A defect
detecti'ng apparatus of the present invention is a apparatus described in
item (1) above, 20 wherein the illumnating unit emts point .illumnating
light. (16) A defect detecting apparatus of the present invddtABR 208 a
apparatus described in item (1) above, wherein the imge sensing unit

senses an inmage of 25 scattered light fromgthe object illum nated by the
illumnating unit. (17) A defect detecting apparatus of the present 17
APR 2003 9 invention conprises an object to be inspected, an illum nating

unit inclined afignpredsteaglpedennghs LAithenobifeh b brpadhatesthe

object with illu ating an |1 nage sensing unit i ncl

predeter 5 m negd; R84l gn§Pet BE @péesb?éetseasseﬁgeiaﬁg@magersklected_Iight_
fromthe object illumnated by the iTlumnating unit, an"angle setting unit

whi ch obtains agifnghdes apnghe oftomhehél buyesat inyuhightew bl respect to
the object and an inmage sensing angle of the 10 reflected light, on the
basi s of infornahéohltanteabing anit) naficangilecoohheobbeeciwhagd an
observation wavel ength, an illum nation angle controller which sets the
i nclinati®n angtkangeshthel inol hagthgnuangleoofheti headeénbnangfethbt ai ned
by the angle setting 15 unit, an inage sensing angle controller which sets
the inclinationibhghénatintieunirhgandehbengmaget sensiheg inhge ssnsiageangl e
obtai ned by the angle setting unit, and an image anal yzer which detects a
defect from an Pragesspriveiehj secesensefhpydihérpahgd séabindramit. 20
(18) A defect detecting aggaratus of the present invention is a apparatus
described in itBRE(2NYSaboVE, UikPEntREr tRePCCBRPFERESUBAtOPEI BF sy St em
controller which Sﬁlecﬁlvel iTsertﬁ an &n ergﬁrence filter i &o an optical
path of the il1URFRAEERRECRT SRELGr OPRaTBed, BY| LEPeanst §nEoRETS) LA def oot
det ecti ng, appar S h r ipveptiQn | p described in
ijtem(17€0{;1bovefgltl(Lf ?$£3£2gR$28€§E§6h§%e9é#ﬁet%g ?H%oggég%gﬁtggngégﬁﬁng t he
filmcontains aét'%@éﬁ %P&TESEEEBE gRg1 ket LagLb¥eni AEX oAl whlie Film
conprising at |east one layer.

which determines the nth-order light best suited to

observation with respect to the diffracted light from

the relationship between the inclination angle and the

15 luminance value obtained by the image processor, and
an angle controller which sets the inclination angle
of at least one of the illuminating unit and the image
sensing unit on the basis of the determination result
from the determination unit.

20 (2) A defect detecting apparatus of the present
invention is a apparatus described in item (1) above,
wherein the angle controller changes the inclination
angle of at least one of the illuminating unit and the
image sensing unit, for each of two or more irradiation

25 positions of the illuminating light set for the object.

(3) A defect detecting apparatus of the present

invention is a apparatus described in item (1) above,



(20) A defect detecting apparatus of the present 5 invention is a apparatus
described in item (17) above, wherein the angle setting unit cal cul ates
both an incident angle 8 of the illumnating |light and an igppe i%ﬂ@gng
angle 8 of the interference light by the foll ow ng equations A5 =
sin-1 (n~ sin (cos-1 ( (2nd) / ~. ) ) ) 8 2 =sin-1 (n sin (cos-1 ( (nd) /
~)) ) a- el+(al-e2)/2 d: the thickness gf the film n: the refractive

i ndex, and ~,: the observation wavel ength. 15 (21) A defect detecting
apparatus of the present invention conprises an object to be inspected, an

1 uminating unihebBsh! BRY. BhodcPEBARLEs TACUAARGEE Lle! HACIBLEEY oo

irradiate the object wt am nat i ng , an’image sensing un

inclined at a PEE?@EGBfZQt”&@SQtaBHEeoEOtBQei@@hﬁ@ha&@nﬁeﬁiﬁta@nhn%ﬂﬁ_Of
interference light fromthe object illumnated by the iI'lumnating unit,
and a determ naim@geuaéhsmgc{lngby aiFRg, afAnitrhedhasienobolsitebiBk®N in
concerning a filmfornmed on the object and an observation wavel ength, 25 an
opti mum i nci denkcabghenet whehi bl predatenfiiheghiregidnabnophieMebedkge
sensing angle of the interference light fromthe relationship between

refl ectange and ~ r4APRA2D@Iett dettleictkmnes s pph riatasf idfmtdfe tdreseljtect .
(22) A defect detecting apparatus of the present invention conprises an

obj ect to be inipwenédonansi bl apprating destribeli aedi&ema (3)edbbwenri ned

angle 5 to the object to irradiate the object with illumnnating light, an
i mage sensing uWhichnéprrfbaracomppicast ar Aigpdasnygndtt whilkh dbjsedayso sense
an i mage of interference Iight fromthe object illumnated by the

i I'lum nating unf®, ‘1BA98ngEetRRaRGIRGLUBRNSRAI BN tbesimaoeasedpsinyg changes
an incident angle_ﬁf thg illymn ting Iight mﬁth,resgect ép t he object and
an i mage sensi ngMahgl 8R8f 2BPh&"PHEePPEFeHBACPi §RE1APERE £8Re angle, and an

e anghyzer VLS SR BoLIR LR BhECDRDL B USRNBER A0 AR AR
et el o B, SRRk IR TSI apAORkeDLolls gpale chanaing unit anc
O L e SR NSAONE Bkt LBl ety OB Brecent,
outline of the ¢gpbh@¥ohalkon QbpaYatad AbskRepblr $h item (1) above,
wherein in a graph indicating the relationship between
15 the inclination angle and the luminance wvalue, the
determination unit determines that the first-order
light position of diffracted light having the second
highest luminance value is best suited to observation.
(6) A defect detecting apparatus of the present
20 invention is a apparatus described in item (1) above,
wherein if the determination unit does not determine
the nth-order light best suited to observation with
respect to the diffracted light, a prestored reference
inclination angle is set.
25 (7) A defect detecting apparatus of the present

invention is a apparatus described in item (1) above,

wherein if the determination unit does not determine



25 FIG configura detecting an i mage sensing systemand illum nating a
def ect detecting apparatus according to enbodi nent of the present invention
2 is a viewshowng an outline of the lion of a control system of the

def ect apparatus according to the first enbodi nent ~ 7 APRT2QP& 283 of the
present invention;, FIG 3 is a flow chart show ng the procedure of setting
the inclination angle of an illumnating urit in the defect detecting

apparatus according to the 5 first enbodi nent of the present invention;
FIG 4 is a graph showing the relationship between the | um nance val ue and

the angle accorgding,tg. 598F2912§3€”P89£”§93t8ﬁ EBeoBE§§%QEleV%EEhO” FIG

5is a view showng a drspla € of an inmage display unit

def ect detect'ngegﬁgegfkgstﬁgca&@kegc&%dthﬁgﬁ%coeqeegBQQtasﬂt f the

present invention I's a grap owi ng the rel ationshi p between the

| um nance val uetﬁedntheoeaekem@ﬁerQbag kQitbg &8 bBke@varbedi rgnt of the
present invention; FIGS 7B, and 7C are views show ng a di splay exanple

of an imge d'SQEQ!?HQtEdIEr@mdéfg@bpﬂeiﬁa&baglﬁgp@hétMélétﬁ@h@hmg to the
fourth enbodi ment of the present invention; 20 FIG 8 is a graph show ng

t he rel atonshi pebetwrenhthénklihaanea wable and the anglieaaceordilng.to the
fifth enbodi mnent of the present invention; FIGS. 9A, 9B, and 9C are graphs
each showi ng the rel d8i)on&hide fleetweert ectré nlgu mippamrad wsalofe taed pireseartgl e 25
according to the sixth enbodi nent of the present invention, FIG 10 is a
.vi ew show ng aniouehthenof.st Beapparatus described in item (1) above,

which further comprises a display unit which displays

a pattern pitch of the object on a graph indicating

10 the relationship between the inclination angle and the

luminance value.

(9) A defect detecting apparatus of the present
invention is a apparatus described in item (8) above,
wherein the display unit displays an index for

15 designating the inclination angle on the graph.

(10) A defect detecting apparatus of the present
invention is a apparatus described in item (9) above,
wherein the display unit displays a pattern pitch
corresponding to the index.

20 (11) A defect detecting apparatus of the present
invention is a apparatus described in item (1) above,
which further comprises a display unit which displays
a graph which corresponds to each of a plurality of
predetermined regions on an image of the object sensed

25 by the image sensing unit, and which indicates the

relationship between the inclination angle and the

luminance value.



~ 7 APR 2003 13 configuration of an inmage sensing systemand illum nating
systemrof a defect detecting apparatus according to the seventh enbodi nent
of the present invention; 5 FIG 11 is a view showing an outline of the
configuration of a control system of the defect detecting agpprq%fi
according to the seventh enbodi nent of the present invention; A 0 is a
flow chart show ng the procedure 10 of setfging the inclination angles of an
illum-nating unit and i mage sensing unit in the defect detecting apparatus
according to the seventh enbodi ment of the present invention;, FIG 13 is a

graph showing Lhe 1 elgel onghin1abapen e buakaencecyehye padoule onol o

according to the sev enbodi ment ~o i'nven is a

graph show ng tbﬁvéﬁmﬁg%gggjﬁgg%xfg st BEsLUM,BANER yelememdgggﬁggngl e

according to the elg the present i1 nvention; 2 15A

and 15B are graphscRachyrEhew Bgnphesks! at hebehknt bebuees118e |HaLRance
value and the illum nation angle according to the ninth enbodi nent of the

present inventigdve&! £Sstd§é oA6BhiandtA6ConBsecti ewspsheviingoawddddi spl ay
exanple of an image display unit in a defect detecting apparatus according

to the 11%h enbaddneatkwértihewheesent thavenbpgonsensindg ARPRt2868sé4 FIG 17
is a graph showing the rel ationship between the | um nance val ue and the
iI'lum nation angheimegerdingdifbrabeed?l hgbrbbdomehheobblibhetpwbsenthe
{nventlon; stage is moved forward by the movement controller, and
senses an image of interference light from the object
when the stage is moved backward.

10 (13) A defect detecting apparatus of the present
invention is a apparatus described in item (1) above,
wherein the illuminating unit emits linear illuminating
light.

(14) A defect detecting apparatus of the present

15 invention 1s a apparatus described in item (1) above,
wherein the illuminating unit emits plane illuminating
light.

(15) A defect detecting apparatus of the present
invention is a apparatus described in item (1) above,

20 wherein the illuminating unit emits point illuminating
light.

(16) A defect detecting apparatus of the present
invention is a apparatus described in item (1) above,
wherein the image sensing unit senses an image of

25 scattered light from the object illuminated by the

illuminating unit.

(17) A defect detecting apparatus of the present



5 FIG 18 is a view showing an outline of the configuration of an inmage
sensing systemand illum nating systemof a defect detecting apparatus
according to the 18th enbodi nent of the present invention; 10 FIG 19 is a
vi ew showi ng an outline of the configuration of a control LysARRn2®® the
defect detecting apparatus according to the 18th enbodi nent of the present
invention;, FIG 20 is a view show ng the relationship between 15 the

i ncidence angle of illumnating light to a resist filmand the inage
sensing angle according to the 18th enbodi nent of the present invention;

FIG 21 is a gr§89%$gg$£ng8%§gi%§élgétﬁgggﬁgstg £%ng§ggﬁgggdthgnthickness

of athin filmacc ing odi fren présent

nventi on; Fl G 4 2.4 $,3¢ YhEW,A0OW A0) a0QULLT DepalqbREGORLLOULALLORGOT an

i mage sensing system an | um nat'i ng system of ctrng

apparatus accor ghadob9eker30th eabadbment gbibhe pieaent) 2R havenki on;

FIG 23 is a views ng an outline of the c iguration of a confro

system of the defggt, ah imAFR s2R93n&Sudetechingnappatatuprage@edi-ng to
t he 20t h enbodi nent of the present invention; FIG 24 is a flow chart

showi ng the promeedeantleetbi ageabbyptnut saheef anennaganglFe in the
defect 5 detecting apparatus according to the 20th enbodi nent of the
present inventi paflaotelll GigRb fgom ghapbbsbow nylthénaekdt bgnshep bet ween
t he | um nance value and the illum nation angle according to the 20th
enbodi nent of thélpméseningOunavenanoangBesselbdagf uniCawhyjchgobieios the
nvention an incident angle of the illuminating light with
respect to the object and an image sensing angle of the
10 reflected light, on the basis of information concerning
a film formed on the object and an observation
wavelength, an illumination angle controller which
sets the inclination angle of the illuminating unit
to the incident angle obtained by the angle setting
15 unit, an image sensing angle controller which sets
the inclination angle of the image sensing unit to the
image sensing angle obtained by the angle setting unit,
and an image analyzer which detects a defect from an
image of the object sensed by the image sensing unit.
20 (18) A defect detecting apparatus of the present
invention is a apparatus described in item (17) above,
which further comprises an optical system controller
which selectively inserts an interference filter into
an optical path of the illuminating light or the
25 reflected light.
(19) A defect detecting apparatus of the present

invention is a apparatus described in item (17) above,



Enbodi ments of the present invention will be described below with reference
to the acconpanying drawing. 15 FIG 1 is a view show ng an outline of the
configuration of an inage sensing systemand illumnating system of a

defect detecting apparatus according to the first enbodi ment APR 2008 pr esent
invention. Referring to FIG 1, a sem conductor wafer 20 2 as an object to

be inspected is placed on a stage 1. Alingegr illumnating unit 3 and an
i mge sensing unit 4 such as a |ine sensor canera are arranged above the
stage 1. The optical axis of the illumnating unit 3 is inclined at a

predeternined apgkectn the §H%?ﬁst%n]?%ohtz%frﬁ@%ceﬂgu%ti@ wWaher 4 Thizs

illumnating unit 3 1rradiates e surface of thé sem conductor warer

with linear illygi nakkRgal tAREXNERS QRH ¢BlEr@¥tsval index/ oAPRNE0@3146 the
i mage sensing unit 4 is inclined at a predeterm ned angle to the surface of

the sem conduct ebmpafieing. atheéeb@Boensensag . unit 4 senses, line by line,
an image of that diffracted Iight fromthe surface of the sem 5 conductor
waf er 2, which is geneoat ed ky fieldtuaietaicitdmgbapilae aithilsu mifn athien g remich t3.
Note that this imge sensing unit 4 is fixed with its optical axis inclined
t he predeberm nédvanglien Theai hppairadtisndesnirttb@dcan héemot(atiédabovehat the
inclination angle to the surface 10 of the sem conductor wafer 2 can be

adj ust ed wi t hi nwhepeédetbentneder ar§s&inghuniitl cadcuaeiteg bmith 3 can be
fixed to a desired position by an electrical_or mechanical stopper. FIG 2
is a view showi A§ aRcédenrtnansgiet fe a5 toafijlvninahing highbhtawd system of
t he above defect detecting apparatus. ﬁfferring to FIG 2, a host conputer
5 is connected BB tReIPnEGRSLBASARELIENIG AT ERCi MRERTEPLPPES LR9Rt OYan
input unit 7, a gta?e Envenent rotation controller 8 an optical system
control ler 9, 28P&nIPLLGHLRS: RFGH2EAGPE ‘control | er 10, a substrate transfer

unit 11,.and a designinfor ion anal yzerq The /i,lJum nating unit 3 is
connecte%ato t he optﬁ%%l s?gﬁéng%oﬁ??é¥?%r g}%ﬁdgfﬁé'%$%unination angl e

controller 10. The st@ge=1S§Hd1RQeFFH?g§SSQQEhUQ);afygt 4 are connected to
e . A

t he stage novenent rotation contro D controller 32 is connected
to the design informegionganal yzerg 3y, 1 7 AP R 2003 17 The host conputer
5 has an i nmage anal yzer S01, a determnation unit 502, and a storage unit

503. This host conpuiger theNas i kneRel icdn tole @iQ6Y! IMNY LHAY XS a0
operati ons necessary to set t hat
index, and A1: the observation wavelength.

15 (21) A defect detecting apparatus of the present
invention comprises an object to be inspected,
an illuminating unit inclined at a predetermined angle
to the object to irradiate the object with illuminating
light, an image sensing unit inclined at a predeter-

20 mined angle to the object to sense an image of
interference light from the object illuminated by the
illuminating unit, and a determination unit which
obtains, on the basis of information concerning a film
formed on the object and an observation wavelength,

25 an optimum incident angle of the illuminating light and

an optimum image sensing angle of the interference

light from the relationship between reflectance and



5 inclination angle of the illumnating unit 3, which is best suited to
sensing an image of the diffracted light. The i mage anal yzer SO1 receives
information fromthe host conputer 5, and generates a graph §h8€%28 t he
rel ati onship between the | um nance value and the 10 angle a; S Bn FlG
4 (to be described l|ater). The inage anal yzer 501 anal yzes an i nage sensed
by the inmage sensing unit 4, extracts defeg{s such as filmthickness

vari ations, dust, and flaws on the sem conductor wafer 2, and causes the

i mge display unit 6 15 to display information such as the types, nunbers,

positions, and Qr%ﬂ%CQES%QSQS gﬁgegggm %g Fg?agﬁﬁhétOf this graph generated

by the imge anal yzer ow ng t nsShi'p between the

| um nance val ue and q?g%ang!gefggg @%%%kqgggggg@aggk 902 qdelerPes,+20 the

position of the nth-o r I'irght, which is t "Surted to observation, of
the diffracted khghht$ensednpyithe LABGE 8eRSEBILUNihspecTlE, St age movement
rotation controller 8 noves the stage 1 HaV|ng the sem conductor wafer 2

pl aced 25 on itahnionemidheethiyoanat anpiltiebBdsymchr priediengrwihbd ERGee
sensing by the inmage sensing unit 4, and also controls rotation an

posi tioni 5ig of thethtagbjéct to 7rABRi208@3th8 dhgesenviahdudtiamiwateng?2 can
be rotated by rotating the stage 1 itself. However, it is favorable to form
a rotary stage Loghplashngmagseseosndgctiodtwafiediordi aton phedetiieaxi al |y
novabl e stage 1 and rotate this 5 rotary stage. To acquire an interference
i mge, the optiBahedyanekecdat Ebel ebJectofiPr BB SEhen| ABegei o4 of an
interference filter 41 and the |ight anmount of the illumnating unit 3. The
i Ilunination angREcESREEBFRet1gbtcdmProltyet REIEREI iiRdEMSRaEREG BYOf t he
illumnating 10 unit ? Wi, th respect to the syrface of the sem conductor
wafer 2 in accoFB&néélWPiRefFAREr HRLIEoNEDf ABMAEhELRBSE REOHP S ChiThe

bstrate, transf it 11 pick i conduct f b f
2ot or g0t ockEr TPARaBEP LY bR sRn oA b ABEs STHG18 Ts SheconduCtor

wafer 2 on the E@ﬁgﬁi&atﬁﬁﬁgEé@ﬁ%e%ﬁFé”§§§§%£Q”tot@ﬁes8E§%E%t plyf ansfer

unit 11 returns € Sem o or wafer n the stage 0 't he st ocker.

The operation of.! hg,def eghsdaheahiia ARDRNA yaceartianced asnabaye vill be

descri bed bel ow. 2 _ ( hart show ng the procedure of setting
the inclinationtgrokanef ahBeel, | LuAl BAL 1RGgeNbhal hzbRewRbene gehsal

detecting apparatus. First, that inclination angle of the illumnating unit

3, which is beSthéukaQtﬁangﬁmFiBgtﬁéehnﬁﬁeaﬁblbhﬁn@iEfnﬁﬁﬁﬁﬂnbhgbhlaé i's
set. The flow chart shown in FIG 3 is executed when an inspector

desi gnates fronfikbR aAptihayai bf7 thheobtjact eknsedt bygchbngingl lthel nati on
angl e for sensing ~ 7 APR 2003
incident angle and the image sensing angle by the angle
changing unit, and obtaining an optimum incident angle
of the illuminating light and an optimum image sensing
angle of the interference light from the relationship.
20 Brief Description of Drawings
FIG. 1 is view showing an outline of the configu-
ration of an image sensing system and illuminating
system of a defect detecting apparatus according to
the first embodiment of the present invention;
25 FIG. 2 is a view showing an outline of the

configuration of a control system of the defect

detecting apparatus according to the first embodiment



19 an image of the diffracted light. First, the substrate transfer unit 11
pi cks up a sem conductor wafer 2 for setting the angle of the diffracted
light fromthe stocker (not shown), and 5 transfers and places the

seni conductor wafer 2 onto the stage 1. The stage novenent AdtAPRA03
controller 8 positions this stage 1 on which the sem conductor wafer 2 is
placed. In step S1, the host conputer 5 sgbs on the 10 sem conductor wafer
2 a position which the illumnating unit 3 irradiates with |inear
illumnpnating light. Tn step S2, the illum nation angle controller 10 sets

the inclinationange ffeddhft ideA{,Ng unit 3 with respect to the
surface of the semconductor wafer 2 15 to an initially set angle (rotation

start position). In @step $53s Whifkow F&lawlswir@ Bl redibige id um
nating unit 3 is changed in turn fromthis initially set angle, the inmage
sensing unit 4 gedinesHe rdilfiffaagied dighd I am tiha wuidface pfudite

sem conductor 20 wafer 2 at each inclination angle. The data of the
diffracted |ighin tohes desferity etk ductiney iamger sansiagagdingt 46 tHegplied to
the host conputer 5. In step S4, the host conputer 5 calcul ates the average
val ue of 5t he | uninsdneambeal ivresitofo ft Hthedidfesotted ri3fertiight; recei ved by the

i mge sensing unit 4 at each inclination angle of the illumnating unit 3,
and outputs to the iFge Gansd yreraT shesnavidiageslation{R R O0g 0

| um nance val ues as | um nance val ues corresponding to the individual

i nclination andihés lutHaanagydadiE st W 3o maranfigy frodéssing to
generate a graph 20, as shown .in FI%%h4, whi ch indicates the relationship 5
bet ween t he | umifdtc &MPadidedtd Ahd i qteserte #1498l yzer 501 t hen
suppl i es infornatioqu sqf on the graph to the eterninatioqhgni 502. In
step S5, on the basiS®f 1H® dboAEYrHpIthe FE B ARRF TP HiIcE 502
determ 8 t he posi ti onch’)lfS tlhe 10 r]{ h- or de({ éoi ht, whi.ch is best ,suited to
observation, oftR&HT (Tadted Il}nglh Toifsetf k%eqergatgl@gseaﬁ)sgar{gatd)rﬁt 4,
The determ nati I t.3] qlﬂﬁg- jnatd ' is supplied
to the illum naatq‘{&gr@glgqt éz%got%{tepg%%hél& n 12{%&"%61{ Oet}héérﬁﬁtﬁsﬁe%?tnati on 15
angl e control | g S&hs that angle (A shown in FIG 4) on the graph, which
corresponds to the position of, e.g., the first-order light determned to
be best suited to obsgtvad it Dygidish HGITANANON eH i HShi PSS ween
inclination angle A of the illumnating unit 3 with 20 respect to the

sem conduct or wfeerluhirdhcd eplvk dite 98f drylld naidordianglt AHes stored in
the storage unit 503 of the host conputer 5. The setting of the inclination
angl e ofLl5t he i ldhimidanboglimertt D fasthte gorddreds aboxentiiorper f ormed 25 for
each type of object to be inspected and for each fabrication step of the
obj ect. Each indivi dESFS seth,. ThclandtTOrRzglevs shavi ia ddspkayrage

unit 503. _ _
example of an image display unit in a defect detecting

apparatus according to the fourth embodiment of the
present invention;

20 FIG. 8 is a graph showing the relationship between
the luminance value and the angle according to the
fifth embodiment of the present invention;

FIGS. 9A, 9B, and 9C are graphs each showing the
relationship between the luminance value and the angle

25 according to the sixth embodiment of the present
invention;

FIG. 10 is a view showing an outline of the



~ 7 APR 2003 21 Wien defect inspection is perforned for the sane type of
object in the sane step, the inclination angle stored in the storage unit
503 is used. Next, defects of a sem conductor wafer 2 are 5 inspected with
the illumnating unit 3 thus set at the optimuminclinati bf aPR)ig3A. First,
the inspector designates the start of defect inspection fromthe input unit
7. The substrate transfer unit 11 picks up; & sem conductor wafer 2 as an
object to be inspected 10 fromthe stocker (not shown), and transfers and

pl aces the sem conductor wafer 2 onto the stage 1. Fromthis state, the

st age novenent ] rqll e he S Lp.one direction (X
direction) at aéggﬁg?gg?ggg o§%t§5 ?ﬁggénggpégﬁgn%%??ﬁﬁthﬁg novenment, 15

the imge sensing:bfihafifgnsgsean bFngeqltebbeadtblantedobbotull ne by

line in a direction perpen ar to the noving directi e stage 1

Each diffracted,-pBge;ngnesdtRY 5BOchFRIEMBEASHBAL UBK! thel Brikapsferred to
the i mage anal yzer 501 Until 20 the entire surface of the sem conductor

wafer 2 is conpigiehyisaanned. Wen diffracted images fromthe entire
surface of the sem conductor wafer 2 are conpletely sensed after that, the
optical system contrefiber 19 iBsar ¥sewhehdwingt anf enencaef bift ehedl into the
i mage sensing optical path, and optimally controls the |ight anmount of the
illum nating unconBigksbjionhhefi bl uohbhabtilosyahgheof thé dAPRc2003 22
controller 10 sets the inclination angle of the illumnating unit 3 with
respect to the dareaténgfapharstnscandastiongwabethe sevantbpemhadimagte for
sensing an interference imge. The setting of the optinmum5 angles of the
i |luminating unPf Bhanarepentnhg¥eBEASPAG unit 4 with respect to an
interference image is_done by a nethod of any_ of the 18th to 21st

embodi ments to be deféFi-béd L&t &r flpromPeRits SEPHied the Pragedistenment

[ 0 |ler.8 .the, 1 | oci '
i oct i OO opposPE e FbCiRE BIFT FEE bhoF ARG CaNEPng Laroct BRIARRInG
h [ ith thi t, the_ i ' i.t 4 . [ f
Che i nter fer enct™t FGRE! 1HA0By SPRRE™PNUERG dltr GEE B35 pBFDERULEH! ar Lo
th [ di ' t 1, E ' L by th
 mage sendi ng uRPp3a2Fes EcFaM o BFR SELERLR ERBAALRAF SEIERE Y

entire surface gi.Lhgtsepleapdygtor wafer 2 is conpletely scanned. 20 Wen
the diffracted 1nmages and interference images fromthe whol e surface of the

sem conductor wafer 2r1are180qBl at ghupsersedialt ehet RatatlibBashipge anal yzer
501 anal yzes these inmages. By this processing, defects such as film

thi cknesssvari abeewsenduit, landnbkhavsvanudSahbetaenuagndugtebrwahgr 2 are
extracted, and pieces of information such as the types, nunbers, positions,
and areas of thesethefeetvenaheenbsglimgad ofi the pragent inveAPiBn2003
FIG. 14 is a graph showing the relationship
between the luminance value and the angle according
to the eighth embodiment of the present invention;

20 FIGS. 15A and 15B are graphs each showing the
relationship between the luminance wvalue and the
illumination angle according to the ninth embodiment of
the present invention;

FIGS. 16A, 16B, and 16C are views showing a
25 display example of an image display unit in a defect

detecting apparatus according to the 11th embodiment of

the present invention;



23 display unit 6. The inmage anal yzer 501 can also classify these pieces of
information on the extracted defects in accordance with their types or the
li ke, and store the classified information in the storage 5 unit 503. It is
al so possible to display the sensed diffracted i mages and 1t &Pk €ognce

i mges on the image display unit 6, and allow the inspector to visually
check these images to extract defects. Thegsem conductor wafer 2 thus
conpletely 10 inspected is returned to the stocker by the substrate
transfer unit 11. Subsequently, the substrate transfer unit 11 transfers an

uni nspect ed senicondpg@prlmﬁigraZgggﬁﬁn§$5M§ﬁ@cg§éhgggapigﬁgﬁiﬁt on the

stage 1. Before diffracted i nages are re-sensed, the inclination 15 angle A

of the illum najdtigedithed Bl eshdd ${RuSt HAGENEIM 11005 Of i dDeaklopd
conputer 5 is read out. The illum nation angle controller 10 autonatically
sets the inclinaddoriianglto ofhd NE2th | anbo@indgt W ttide Widsépspect to the
sem conductor wafer 2 to the optinum 20 state, i.e., the angle A  In this
first enbodi neninvesttidieni he inclination angle of the illumnating unit 3 is
changed, the diffracted light fromthe surface of the sem conductor wafer 2
is receied by the inEge k&nts ng whew ghawiegcén26ufhthenafi bhheangl e. The
average value of the |Ium nance values of the diffracted light is

cal cul at ed, andcaHel ajzaihi @0, 0hsashvwmoe nseEng, sywkem andi cates the ~ 7
APR 2003 24 rel ationship between the average |um nance val ue and the

i nclination anglelusinpntaterstamef iz sdebrelerdetemiing 2pRaEREES act ed
light is determned fromthis graph, and the inclination angle of the

i |1 uninating 5 &FfYrERE %%ttQﬁl%ék@tﬁﬁﬁ%@%ﬁe?%i%fd%@%rm¥%%$?%n resul t.
Consequently, it is possible to automatically set that inclination angle of
t he iIIuninatideﬁﬁ%a%ﬁ’mhich is best suited to sensing an image of the

diff t light, t [ bt ai n, hi gh- lity 10 diff ' : d
o per A acour at e Hf oot bt cht b oR NG Badl soBF t RS T al PP act et
. T Addi L . he: d Cnat | I . . . it 3

;g?gngoreh;nhogor%%?%%n1é%gCJEG%ﬁEma?§$92§¥%$m%n§TL{%%P%Qﬁ%%@gngn;ppligz

to defect insp%ﬂ&k%%ﬁ%ﬁ@@%&&fdweﬁé £n&f 18fn L &Rboa HRGRF di ngl y,

sem conduct or wafers aving diverse patterns can be I nspected. Qutlines

of the configurst ife Ghrodeh redev&eRNsémMg system an illum nating system and
a control systemof 20 a defect detecting apparatus according to the second

enbodi ment of the present20nyenii ededr €héiwithyathéorébheseosbRYY botkeéd. 1
and 2, respectively. In this second enbodinent, two or nore illum nating

l'i ght irradi atitdne posdidanse agegbetodHni Al sehnaohdycl bghtvatera 2beRistAs in
the first enbodi ment, a substrate transfer unit 11 picks up a sem conductor
waf er 2 for setfiliy amd Hhgl nafe ds€iis by canylghaceoviing stocklee 1o

embodiment of the present invention;

FIG. 21 is a graph showing the reflectance as

a function of the thickness of a thin film according to
20 the 19th embodiment of the present invention;

FIG. 22 is a view showing an outline of the
configuration of an image sensing system and
illuminating system of a defect detecting apparatus
according to the 20th embodiment of the present

25 invention;
FIG. 23 is a view showing an outline of the

configuration of a control system of the defect



1 7 ApR 2003 25 shown), and pl aces the sem conductor wafer 2 on a stage 1.
Next, a host conputer 5 sets those irradiation positions on the

sem conductor wafer 2, which an illumnating unit 3 irradiates with |inear
Sillumnating light. FIG 5 is a view showing a display etampp an
imge display unit 6 in the defect detecting apparatus accordi ng t he

second enbodi ment of the present inventionggln this second enbodi ment, an
i mge of the 10 surface of the sem conductor wafer 2 is sensed in advance,
and a wafer inmage 21 is displayed on the image display unit 6 as shown in
FIG 5. An insp I Vi r 228 i e ég%;i peTo Il ay unit
6 froman input %%;t%tct%gg%giggésé{%rm or r?r%?% Iacl)é)ngcél%n i1 19m r?ajtqu{ezg | i ght

irradiation posidd @ps %%e%@ﬁwqrg}émﬁ%d waf er image 21. To set these

irradi ation positions the vertical size (the size in the nmoving
direction of the staged) f & @ifAd @htthSsHRI’lg I tRISrIcddurd dfnput
beforehand. A first irradiation position 22 is set on a predetermned chip
23 by the cursorse2and Rra¢HtinRh ISREATE r@tEs WSAGUEN tHd i aldton
positions 22 shifted by the size of one chip 23 fromthis irradiation

posi tion 32 on idetddtrisly Gippgarai vy adctorlitmyadd aild Y e dnbddimenth dfhe
row direction on the wafer inmage 21. These irradiation positions 22 are in
t he sane positi dheoprdsenindinMedualorchigrsl 23. It is of ~ 7 APR 2003 26
course al so possible to individually set these irradiation positions 22 by
the cursor 22a. FurtH&Gwrdd ja § ypadsiBiawing sdie adlatelqnarin cal cursor)
perpendicular to the line (horizontal cursor) of each 5 irradiation
position 22, andeddtesn @ dmdmaned tfadie mnd e ddrisiingg e afeths ng
region. In this state, an illumnation angle controller 10 sets the

i nclination anglRESOTHRY i49 A0ty eRRadipent ph ddife@raseithe surface of
the sem cgnductqr wafer 10 2 to an initially set angle as the rotation
start posi‘tion. WWiSE4NWe inclination angle of the illuminating unit 3 is

h dint f t initial t I ith to the first
iCr ?ggfat: gn gggi tirgnm Zgg%%%%éegs%%i ?1’8’?@%6‘%6 Q‘/m\llétf e?f ga?eigiré'ﬁg?%%é !s;?lsi ng
it 4 i th i ! i t J t 1 duct
wafer 2 at each inol R BHER L R H S AL S T thus

recei ved by the JJigs RENHNGH e dersunRld ad tad hedglafampyter 5. 20
The host conputer 5 calculates the average value of the |um nance val ues of

the diffracted Idr@ghtingecei ved at each inclination angle of the illum nating
unit 3, and outputs to an inage anal yzer 501 these average | um nance val ues
as | um namce val ues ZEIEOrYT eisPandyingy tshdviend neh vouwktiadneé net i#rad | on angl es.
The i mage anal yzer 501 perforns image processing to generate a graph 20, as
shown in FIG 4cosfiigguratliioh A R20AdE sensing system and
illuminating system of a defect detecting apparatus
according to the first embodiment of the present
invention. Referring to FIG. 1, a semiconductor wafer
20 2 as an object to be inspected is placed on a stage 1.
A linear illuminating unit 3 and an image sensing unit
4 such as a line sensor camera are arrandged above the
stage 1. The optical axis of the illuminating unit 3
is inclined at a predetermined angle to the surface of
25 the semiconductor wafer 2. This illuminating unit 3

irradiates the surface of the semiconductor wafer 2

with linear illuminating light. The optical axis of



i ndi cates the rel ati onship between the |um nance val ue and the angle. The
operatiron of calculating the average val ue of the |um nance val ues of the
diffracted |light and the generation of the graph are perfornmed for 5 all
irradiation positions 22. The inmage anal yzer 501 gener at es 1thqpg m%aphs
indicating the relationship between the | um nance val ue and the angl e,

whi ch correspond to the individual irradiafgon positions 22, and supplies

i nformati on based on these graphs to 10 a determ nation unit 502. On the
basis of these graphs, the determ nation unit 502 cal cul ates the average of
the positions o h I LSt - l.ight jof _t k acte i by

t he i nmage sensi%%éLéﬁ%éé,é%ﬁégﬁét%#%?nési?hgﬁcgkﬁéaaéérggék%ggegﬁﬂzﬁ?g t he

position of the,fi1steQr €Re gﬁgbacefofhehéiE&ﬁ@@&ﬁeuhkebtwggeglé.
irradiation positions 22. This determnation result obtained by the

determ nation ufihé BRZgdSsenPPhiednie thehbéﬁﬂiM@thBYaMQhé,PQHtiﬁb gr 10.
In accordance with the determ nation result, the 20 ilTum nation angle

controller 10 sefsthhe dnctrasteéanlagptefobnt bRei hufhbat bigtHBi Eediw t h
respect to the sem conductor wafer 2. The set inclination angle is stored

in a storage uncén&03tof wheehol; whipht &8 Henénatbdsbgeddndménbodonent,
two or nore linear 25 illumnating light irradiation positions are set on
t he sem conductlby Wa¢eillumaneatihg anétage vibue bhathéhlianimagee val ues of
the diffracted light in each 1 7 APR 2003 28 position is cal cul ated.
Al so, the graphsensingieaitveé &% fhwedevathohthi prbécadenxdachnaténade
| um nance value and the angle is generated. The first-order |ight of the
di ffracted |ighth¢sPredetediredninates aVBrageloPrippEirggraphss &AH the
inclination angle of the iIIuninatigg yni Wi th resiect to

n

;3 W th
sem conduct or wRfeFob2tedsdp. thgkoF bP??lPﬁElPHCPPH & 5A EHSIEuEgﬁCBe set
ith hi t han, i he _first _enbqdi d i b . 10
the abovkd seconlt o SBHEo N EECRE AT vl GBROPCL AES FRERARCEDIH! Ues | s
| culated in th i f h . : f; Lsti
col ul st | e SEOEE LGRS 9L IQVEL T FELIGHE oL it

Furthermore, thgo| pigance ¥ahue; placachs ki 19 ganchecpredisted and

wei ghted by conmparing It wwth an i1n erence I nmage descri earlier
Qutlines of themggﬂgﬁggggtggg?ggran i mage sensing system an illum nating

system and a control system of a defect detecting apparatus according to
the third 20 enbodi ment.op tbBeapkesanshbiiaat banoate idkeNolfakhko
15 configuration of a control system of the above defect
detecting apparatus. Referring to FIG. 2, a host
computer 5 is connected to the image sensing unit 4, an
image display unit 6, an input unit 7, a stage movement
rotation controller 8, an optical system controller 9,
20 an illumination angle controller 10, a substrate
transfer unit 11, and a design information analyzer 31.
The illuminating unit 3 is connected to the optical
system controller 9 and the illumination angle
controller 10. The stage 1 and the image sensing
25 unit 4 are connected to the stage movement rotation

controller 8. A CAD controller 32 is connected to

the design information analyzer 31.



those shown in FIGS. 1 and 2, respectively. In this third enbodi nent, even
when the first-order light of the diffracted |ight cannot be well detected
owing to the state of patterns on a seni conductor wafer 2, 25 an
illumnating unit is set at an optinmumangle with which ad 7 xprgee¥ the
first-order light of the diffracted |ight can be sensed. ~ 7 APR 2003 29
In the first and second enbodi nents, a pealk at the position of the

nt h-order |ight unclearly appears, as shown in FIG 6, depending on the
state of patterns on a senmi conductor wafer 2, in a graph generated by 5 an
i mage anal yzer 501 apg,ipdi I i gnshi e e | e and

t he average | um nance va?%%eg%éﬁﬁgegff§$%%%e HI?B%?Qréﬁg?gé%pagaggch
inclination angl ejofe A dd ¢ 1608 Nt 010569 tardy QTﬁ%étéié-@ﬁﬂ€r5b39ht posi tion
of the diffracted Iight cannot be detected 10 fromthis graph 20a, so a
determ nation urtiis SPs € addiRbuiet €5 Mae 4 heuhdt sén osdeexéeghbingf the
diffracted light. In this case, a host conputer 5 sets a predeterm ned

angl e (a presetvaefci€eneemt el i hodt ol cmngl wdcpsestpred satatlkadorage unit
503 and corresponding to 15 the first-order light position, e.g., an angle
at which 51 aws imanl reateiast | angkenof ntlee dal kufii ed dingegei t Thj swipiedeti&r nmi ned
angle is any of an angle previously obtained by sinulation, an inclination
angl e used in theshravitesd Uefsensey ezt i bhagandf abhangi éfsactedd 20 about
5 to 10 from45 at which a dark field i mage can be acquired. Alternatively,
an inspector cahl @i gnite H@ER| anadhy2ar a3dhneecebvee itREoFnationr der
light of the diffracted |ight on the graph 20a shown in FIG 6. On the
basis of the setT@hgfe ROTheCeR M prated 284 pIRPeTdRED42 o9 T8RR $RPEING der

| ight of the diff ted ]ight, i | lum nati I | 0 ts th
o o e S e gt o LA PRSP 1A E cgniigl Loy dgpoet s i
to th 1 duct f 2. JThis_ i i pat i A dinth
9.5 S CONSUELRE M8 o I0grrek! Ted 60 AMBLEsbfotgEgd Lo

I it f . i j j
plarall Y, o, (omdinfol IRLISAD conBlghor Bt Fubfe SRy (081, o

whi ch | ndi cat ess kg reladi ool pe be! wegp: 1065 | dutaapsesyehugsapthhe angle.

In this case, an Ihspector designates the position o 10 first-order

light of the diffiaei&ss |vahiaiohde dBSt, aRRAOPLAWE Coll BRE seheebed from
an input unit 7. Alternatively, the determ nation unit 502 can select the

nost appropri at@ueter ofatde By aphs gensesat ede bimée dbregeagnahygzeé 501, and
automatically sets the position
15 to display information such as the types, numbers,
positions, and areas of these defects. On the basis
of this graph generated by the image analyzer 501 and
showing the relationship between the luminance value
and the angle, the determination unit 502 determines
20 the position of the nth-order light, which is best
suited to observation, of the diffracted light sensed
by the image sensing unit 4.
The stage movement rotation controller 8 moves
the stage 1 having the semiconductor wafer 2 placed
25 on it in one direction at a pitch synchronizing with

image sensing by the image sensing unit 4, and also

controls rotation and positioning of the stage 1.



15 of the first-order light of the diffracted light on that graph. In any
case, even when the first-order light of the diffracted |ight as shown in
FIG 6 cannot be detected in any of a plurality of graphs,,the paosition of
the first-order Iight of the diffracted 20 |ight can be def AR %@a from the
nost appropriate graph as shown in FIG 4. The determ nation unit 502 can
al so calcul ate the average value of the posdtions of the first-order |ight
of the diffracted Iight fromthe plurality of graphs, or calculate the
position of the 25 first-order light of the diffracted Iight at which the

above. proceasi ng S or LR BraT [ Oy “EAe 0 A B 20" S br A e BB kARG " or

2, a semconducis yeigE 2 WHOSEr T afpbwbdelar gel ysdehberapief toMebbrse of
ot her sem conductor wafers 2 is excluded fromobjects of Inspection. 5 In

this third enboﬂ'ﬂ@ﬁéry“@@@géhﬁof'%§éc9ﬁgeé teéahtorbutherdishteackgd |ight
cannot be well detected owing to the state of patterns on the sem conductor
wafer 2, a predet esri figdl e £% ATy anglebis sehgeOl &he& pOB8hAteoBh24 of the
first-order light of the diffracted 10 light is designated on a graph.
Furthernofe, theot®msy appgepriBbeagiaphei snchosenférenca phagali thieof
graphs 20 generated for a plurality of objects (sem conductor wafers) to be
i nspected, or téetposltspateh chetfoisenr8econtghlsi sheakvakatédnfodmthe
average value of 15 a plurality of graphs. Consequently, even when an

i nappropri ate graphnberEapemce nf Fleredisagdnkhat bdghtt amgupbssfbthet o set
an optimum angle of the illumnpating unit 3 at which an inmage of the
first-order |ightlePinabingierhbtdd | ThRtlEanmbRabienrapely senteallen

Qutli f th fi ti f N i t il lumnati
Outines of the, Fontigured1 on of 20, L TEge, sens|ag. syt em an, Ll by pat o
the f nmbodi f_th i ti iml to th h
(R ouTf enbogL e Ol A 0eeBESaETLel BYSTLLER: oo ILLAE Lo Hgsershoun
(420 241 on posi{kans;of, 204 LATLOG LG UL cBA8c 8GR PECR PHETRLLLY of
32 and direction,tm, P08 ghi prpp §uﬁ§?€§EQdHfégﬁf$@f§£i@-1f5§&8k5h8 first to

third enbodi nents,” a substrate trans uni pl cks up a enlconguctor

wafer 2 for Set§éﬂ9céﬂ§u@ﬂ$few9fe9§fﬁr@ﬁéeg§|bﬂ@tffbﬂ”has§59§§8r 5 (not
shown), and pl aces the sem conduct or wafer on a stage 1. Next, a host

conputer 5 setssedckde $eatsondect ot Wwehewn? &he posceékoonef an
illumnating unit 3 which irradiates illumnating light. FIG 7A is a view

show ng B5di spl agmezamplheton aafdd PnagetHesptayeubit AftsrtHefdetect
detecting apparatus according to the fourth enbodi nent of the present

i nvention. FlGSinFBeahtiorC the pabstadtentaapefeyi emstollFr&turas thethis
enbodi ment, an image of the surface of the sem conductor wafer 2 is sensed
15 beforehand, @emigondfietorndgéens52igndthpl ajedeoh thethamgbodkeplay unit
6 as shown in nunber of chips 26 arranged in a displa¥ed in the wafer inmge
25. each chip 26 hasThepPararfignopizbhgeBetsrnd deteqicirgr erPairatyus. g., and

direction. FIG 7A_. A large trix manney are As,sh in FIG 7B, pattern
regi ons 26a, paf?BFHIVFERAES SRABES VhLthPS GPSFEBSH PRABEctor operates an
input unjt 7 to nove_a.cuLsor 27a.displayed_on the inmage display unit 6,
pherebyq%ésignating Fgg'co!ﬁﬁnao?lgg §h8¥§d5g8W%Pﬁe&g%hPﬁofggaﬁ t f& waf er
| mage 25 and a'§8t9§§g99ﬁ&'EchiRéEQSBGEH§ESdo%egh8“i1&BmEHSt&H§pEﬁEQr
desi gnates a region 1°corresponding to € pattern

in the above defect detecting apparatus. First, that

inclination angle of the illuminating unit 3, which is

best suited to sensing an image of the diffracted light

25 is set. The flow chart shown in FIG. 3 is executed

when an ilnspector designates from the input unit 7 the

start of setting of an illumination angle for sensing



1 7 APR 20D3 33 region 26a by a nouse pointer or the |like on the cursor 27a
whi ch designates the pattern region 26a, the host conputer 5 sets an
illumnating light irradiation position 27 on the wafer image 25 such that,
as shown 5 in FIG 7C, this irradiation position 27 crosses _the region 261
corresponding to the pattern region 26a of each chip 26. If7chP$smMG are
also present in the row direction, the sizg(vertical size) of one chip 26
fromthe irradiation position 27 is cal cul ated, and another 10 irradiation
position 27 is so set as to cross a region 261 corresponding to a pattern

regi on 26a of e 21@%%8.3f6the|@if9£§c éatﬁi?ﬁg.illunination angl e

controller 10 sé inclrnatron angle o e illumnating unit 3 15 with

respect to the surfage, of thReSelhcepdue! @-an8ker dnk@ a0 phikksalpy set
angle as the rotation start position. Fromthis state, while the

inclination anghesghitbeahbtypi Ratengoupbt Setsiffanpedahgleusl vheh
respect to the first irradiation position 27 on the 20 sem conductor wafer
2, an imge sengipgraptéd4lighei vesmt bredstbeRerednbtgbhovnpm shd surface
of the pattern 26a corresponding to the region 26l at each inclination
angl e. The dat atpéntherdi Ahdapledeki ght thmscordected Wafehe2i onge sbAasi ng
unit 4 is supplied to the host 25 conputer 5. The host conputer 5

cal cul ates the atvegagé.valhe staghembusinanhbceotaties ebntheldetf Bact ed

l'i ght ~ ~ APR Z003 34 corresponding to the region 261 received at each

i nclination angbesbtiehe thﬂanﬁhaﬂeng ghi vhachafbeogepdeondschari wager

anal yzer 501 these average |um nance val ues as | um nance val ues
correspondi ng t8 5stRéafrfdivi dual inclination angles. The i mage anal yzer
501 perforns i nage processing.to generate a graph 20, as sho in FIG 4,
whi ch indicates the F@IéFFBngHthgEtaﬁé% Fﬁ@gpﬁﬁfn n5§%§apﬁe d the angle.
The operation of calculating the average value_of .t | Rk nan | ues
of the d éfractEamFFaﬁFuﬁhagtwé%ﬁﬁngrﬁtP8ﬁlgﬁophghépgp%ggrgq%§ﬁ gg%éggfor a
plurality of irradiation Ltions.27. [ I r ener at es

t hose graphs inBP&StPngrfﬁgi?gﬁgtﬁéﬁéh%ggggkaggﬁuﬁﬁgaﬁéﬁgngg QQValue and
the angle, which_1 r .gsp : LRdi Vi l o Lad i Siskk-Qns 27,
and supplies in?grgggﬁoﬁgbaggg gglkﬁggg%ngpﬁgaeg gbggFg}%?%aF?oﬁEE%it 502.
On the basis of thhesgcghaRRSont BRI BEMAAL 19N MRG0 Galieulsakesnt he
average of the positions of the 28 first-order light of the diffracted
light with respegkpbeteaehtpat keffacegiodn t26a sediidoteiuettornes fielrat t hi s
average value is tﬁe position of the first-order light of the diffracted
light in1811 irtadbat iiedtpadili ees 2hglEhi(sotettdom satkinan poedilitondbt ai ned
by the determ 25 nation unit 502 is supplied to the illumnation angle
controller 10. [n atepr 83nce@hiileh thiee idetldnaitden endles@ift thehd 1lumi-
illum nation angle controller 10 sets the 1 7 APR 2003 35 inclination
angl e of the il hatingt undtusdi ts3 chishigededpedirno fed $&vdisc dididedr Ynaf er 2.

The set inclination angle is stored in a,storaqg unit 503 of .the host
conput er 5. set angle, the image sensing unlit 4 receives the

diffracted light from the surface of the semiconductor
20 wafer 2 at each inclination angle. The data of the

diffracted light thus received by the image sensing

unit 4 is supplied to the host computer 5.

In step S4, the host computer 5 calculates the

average value of the luminance values of the diffracted
25 light received by the image sensing unit 4 at each

inclination angle of the illuminating unit 3, and

outputs to the image analyzer 501 these average



51n this fourth enbodi nent, the pattern region 26a of the chip 26 is
described. However, the first-order light of the optinmumdiffracted |ight
can be detected for the other pattern regions 26b and 26¢c by simlarly
setting regions and irradiation positions in these 10 pattgrp $§g£ s 26b
and 26c¢c. Consequently, an image of the first-order |ight of tﬁ% ditftracted
| ight can be sensed while optinmumirradi atipn positions are individually
set for the pattern regions 26a, 26b, and 26c of the chip 26. It is also
possible to set a 15 plurality of irradiation positions within the range of
one pattern 26 att erns f_on , I ge,of the
posi tions of t?]]e&ﬁé}é é%r‘ﬁ%ﬁ??gﬁ% %fﬁﬁéew(g%#%g%%%d%%ﬁ?g?ﬁaﬁﬁ sgo
irradiation posiflo : t i i ver i
position 20 of #%% ???%??%$gerf+?% ta%?@%hég%??giac?gﬁ ?@%ﬁ? %ﬁaggger
irradiation posid{ ONSy£&EAL ONRaGOTHLSPOSEI NG £6 §88ePALECEANGELPRONS, 268 L0
26c on the chip 26 can also be Set by using CAD informati on (design
i nformation) usgd ERodnCih PFES. desi gnicl Precestes Tbhe £ADathdashipion is
| oaded into the host conputer 5 froma CAD unit 32 via a design information
anal yzer 81. Wigattbés tikethemtmagcei talse add 7tWPRa2gD8. 36Thesbdmpgssi bl e,
by setting regions fromthe CAD information, to detect the centers of these
regi ons 26a to 2nkelpndrt helrthedt fspphiebeihfoemationi hasedgodi £beti on, and
automatically set the irradiation 5 position 27 and the region 261. In this
fourth enmbodi megtaphhtoi hoéi deteoninagienobniheSPRluninating unit 3 can be
set for each of the pattern regions 26a to 26c of the chip 26 on the
sem conduct or wafer 2n FhepefdreOneliBR WAEASdefathedaPovenfseREri 5Rof the
chip 26 is desired, accurate diffracted i nages can be acq ired.§C¥élines of
S

the configurati8atermanathagetBihsrg I55EERnGH FPPuﬁPﬁéEFHB 8 fh and a
trol t f def .d tir t di the fifth 15

enbodi mehd of tRENGPESRAL LLABENT MBACH SoaPAFF P Ut 6oPnb8eCBREAN SEACRY Gs. 1
d 2, tivel I n.thi if.th, i ,-3.h i tSt.- l.i.ght of th

g?ffrac{gzpﬁfgh¥%ighﬂeaé%?tgcgéduEﬁﬁggggéggggeb%tﬁggLag%ggrgghﬁﬁgg- s?de o?

the axis of theaggglg_areﬂgddﬁgegﬁgnagﬁéﬂo}e het! Upk-naneq F@Iggg of a

graph, generated by Ifagé analysi's, indicates the relationship

between the | umypapeqs;Makygnanditheoangsesupplibdgt b thest 11 onfiauttbn
enbodi nents, a substrate transter unit 11 picks up a sem conductor wafer 2

for setting thez2giangbhgtebiditf nact ednl k@bp Eeomtaestiockainamdbnshown),
and places the sem conductor wafer 2 on a stage 1.
15 angle controller 10 sets that angle (A shown in FIG. 4)
on the graph, which corresponds to the position of,
e.g., the first-order light determined to be best
suited to observation by the determination unit 502, as
an inclination angle A of the illuminating unit 3 with
20 respect to the semiconductor wafer 2. In step 57, the
set inclination angle A is stored in the storage unit
503 of the host computer 5.
The setting of the inclination angle of the
illuminating unit 3 as described above is performed
25 for each type of object to be inspected and for each

fabrication step of the object. Each individual set

inclination angle is stored in the storage unit 503.



Next, a host conputer 5 sets on this sem conductor ? 7 ,4PR 2003 37 wafer

2 a position which an illumnating unit 3 irradiates with line illum nating
light. In this state, an illumnation angle controller 104 ?ﬁRt$%§
inclination angle of the illumnating unit 3 5 with respect surface

of the sem conductor wafer 2 to an initially set angle as the rotation
start position. Fromthis state, while theq{nclination angle of the
illumnating unit 3 is changed in turn, an 1 nmage sensing unit 4 receives
the diffracted |ight 10 fromthe surface of the sem conductor wafer 2 at

each 'nc"natlowhéﬂgasf elﬂggéfeioﬁhfsghéigéfﬁsa k59h£h&h§§$%eegg¥ed by

the i mage sensing unit rs’s red to ost conput er

conputer 5 calcefa5E§eéeelﬁVEﬁégeamelyeeg5 Qﬁetbﬁciﬂﬁh9§8ﬁe ﬁahees of the
diffracted light received by the inage sensing unit at each”inclination

angl e of the '|éﬂ61@atiﬂgtuélétéra?@duﬂytpgb§ i8 @geanage anal yzer 501
t hese average | um nance val ues as [um nance val ues corresponding to 20 the
i ndi vidual inclinatigaxapgiesectbeoifnageennabyaactblwpgetopnsrenage
processing to generate a graph 20c, as shown in FIG 8, which indicates the
rel ati onshi p beingpeactdéd wihntheeiVahlmenabhilnghenangBethibesetage anal yzer
501 supplies informati on based on this graph 25 to a determ nation unit
502. Assuning thae oheifuh- ondeinktgbe shgileeAdi f Fiastedtheghhspeceedi ng
t he maxi num | um nance val ue 1 7 gqPR 2003 38 is received by the image
sensing unit 4 dpehgnakesnthenatadh ahgfefestt hespecthbnatrony thet 3 is 45,
the determ nation unit 502_uses only the graph 20c of one side as shown in
FIG 8. That isinPeferRihg’to Bhf eiibgtre @ EeRPAPRaENGR LAi P1SB® WPacks
t he | um nance val ue Mhl|§ novi nﬁ ﬁo tge ri in FIG 8 on,the %raah from
the position ofatﬁ%mb?ﬂn YakPT I ¥ghtraé a5p BkObiﬁEtdE?e?ﬁlﬁﬁFPS L&Hi t 502
determ t hat ap e wher m e reac es.the next
peak 10n§$ter OEE P?lﬁ O?E%ﬁ1{ﬂ8g0§ﬂ9%?ger gﬁfaBBgFFFoﬁn i BLHES
position of the r t h P ffr I r

tﬂ §é RN £g wQ% % g §h§; @ﬁ% gt%g @ Fr?@ PROS h

wi thin which the i TSTOr I t rac exl's

to some extent, i he,pop héleeagé ﬁ@seaéﬁétreﬁgeioh'geatfafléé 8l 59,0

determ ned by previously designating portions adjacent to before ang after

the predicted p@ﬁétéeﬂgéfltbﬁ $h58319é9e£ohlgﬁtdeeeetiehathegarange and
detecting the peak of the graph obtained within this range. Alternatively,

it is possible ¢éongdeshgnabtodOtq.rangesyphthionbhchithethikshooesent) i ght
is reliably obtained while the inclination angle of the illumnating unit 3

is changesl fronthbeipaegdi sérdipgsuhiondotehbesOth- bndee bfgbhe and det ect
the peak of the first-order light within this range. 25 This determ nation
resul t obtai neddbyfraeteet bighhaline opi 1iB62insasdppeceilono t he
illum nation angle controller 10. In accordance with the

perpendicular to the moving direction of the stage 1.

FEach diffracted image sensed by the image sensing unit

4 is transferred to the image analyzer 501 until

20 the entire surface of the semiconductor wafer 2 is

completely scanned.

When diffracted images from the entire surface of
the semiconductor wafer 2 are completely sensed after
that, the optical system controller 9 inserts the

25 interference filter 41 into the image sensing optical

path, and optimally controls the light amount of the

illuminating unit 3. Also, the illumination angle



1 7 AP R 21H13 39 determnation result, the illum nation angle controller
10 sets the inclination angle of the illumnating unit 3 with respect to

t he sem conductor wafer 2. The set inclination angle is st 5ed in ? st orage
unit 503 of 5 the host conputer 5. In this fifth enbodi nent; ARfe 200
first-order light of the diffracted Iight can be detected by using only the
graph of one side as shown in FTG 8, genegated by imge anal ysis, which

i ndicates the relationship 10 between the | um nance val ue and the angl e,
Therefore, rapid angle setting can be pexfoxnmed. Tn addition, the position

of the Tirst-orgehebog T%rcfa.PSEQGEﬁE”188919¥t9ﬁﬁ'Qmﬁﬁb”Sft?ﬁFrOtati”9

range of the il unlna I'ng uni as a range w Ich th i rst-order

light is 25 r?'%@?h%lﬁ%@iﬁgnﬁgltTg {hth casBectheopeskt sARratet Be the
first-order light can t nore rapidly. Uutlines of the configuration of

an image sensingeRY8bRAUCABri Wh¥BLNAt LBJafyspeMnandadgtentrel seystiam of a
def ect detecting apparatus according to the sixth 20 enbodi nent of the

present inventi gA aheesif8rkatet mhhese shewsetnihdGSLf thandp2imum
respectively. Tn this sixth enbodinent, the first-order light of the
diffractedl |ighangaasbefdehectéduriratwhgnunhé Gt hndr ke Linght eknsheg
diffracted |light deviates fromthe 25 position of an angle of 45 as a
regul ar refl ectinntadgétbnraspeaphteheohintegénseaced ibpgemigedangl Pyi s
and which indicates the relationship between the 1 7 APR 2003 40

| umi nance val ueaamdthhd afighay A€ tgetﬁéthiﬁ@t2ﬂ§tfﬁﬂbﬁdémﬁaéﬁn§ﬁt§? a
substrate transfer unit 11 picks up a sem conductor wafer 2 for setting the
angl e of diffrageearipghat 1eE6M-a st ocker (not shown), and places 5 the

sem conductor wafer 2 on sta

h h
semi conduct or waf er ﬁ*&mp5§ﬂ§|%ﬁaﬁﬁvy%h§n lqﬁ%#%éPHDUEﬁkéiéiﬁﬁ%ggl;tgg
th | |1 th t |
ggntroiripllougégg kggﬁﬁé BnH‘P %gt %%P% O?EFLG %Eb%%%hg?yﬁggunly 3 wth
respect to the ? rtage of., %L%E ?u?o%%@“%ort ‘éafdﬁ%f%ak%e%]lhﬁ'g%' Qleh¥s 19!

angle as the ro at forstar From hIS Sstate

i nclination anghﬁ{%&t&%ﬁ |I&Hn%ﬁ%%ggg gghggg P %QQn&%@ehgnkurn 15 an

i mage sensing uni recei ves ract fromthe surface of the

sem conduct or “@B@rl%aﬁk %%S@lh@chhﬁ%tMOQe%QQEGaﬁTH&a@%t%fOEhbhe di ffracted
light thus received by the 1imagé sensing unit 4 is supplied to the host

conputer 5. 20 ThechoslemerPulightd 1GalChlyaliane He aner ageevalivs of the
| um nance val ues of the diffracted |ight at each
15 perpendicular to the moving direction of the stage 1.
Each interference image sensed by the image sensing
unit 4 is transferred to the image analyzer 501 until
the entire surface of the semiconductor wafer 2 is
completely scanned.
20 When the diffracted images and interference images
from the whole surface of the semiconductor wafer 2 are
completely sensed after that, the image analyzer 501
analyzes these images. By this processing, defects
such as film thickness variations, dust, and flaws on
25 the semiconductér wafer 2 are extracted, and pieces of

information such as the types, numbers, positions, and

areas of these defects are displayed on the image



inclination angle of the illumnating unit 3, and outputs to an inmage

anal yzer 501 these average | um nance val ues as | um nance val ues
corresponding to 25 the individual inclination angles. The inage anal yzer
501 perforns inmage processing to generate a graph 20, as ghomg bga3Fl G 9A,
whi ch indicates the relationship 1 7 APR 20p9 41 between the | um nance
value and the angle. The inage anal yzer 503 supplies information based on
this graph 20 to a determ nation unit 502. The determi nation unit 502
searches for each peak 5 of the |um nance value fromthis graph 20. On the

basis of the daéfs% J Mg Pl Nt fnbavkige adhasent, | 401 naRGeaygbes 3 b,

and c¢ including a as” shown I'n etermnation unit 502

determ nes thatg, 1§§s£§§t£§é3§0¢féﬁé§ 6ﬁ ﬁf@kma£laﬁeohueh@aeﬁerxekee b 10

of this central pornt an t um nance values a and c of the

two side pointSyeflct i $nWa¥eot8EndEt §1FhNEHEOR eppés582 thacksybhe
| um nance val ue mhl?e nmovi ng on the graph as shown in FIG 9C, thereby

searching for allqpsekse20Bet1298irTbe deterboabhoinlbhenktoblge

determ nes that, of these peaks 29a to 29e, a peak whose | um nance val ue
exceeds the maxhnut b0Bi nanteiyahlbeoapdsssbheghestiisplaletbBehsended |i-ght
of the diffracted light, and the position of a peak whose | um nance val ue
does not exceeddifhfraekeduimagebuandahoteyfbuenandimggsecondtheghmssye(29d)
is the first-order light of the diffracted light. That is, a position on

t he graph wher edisplayninahcé, vahdeallewsthe iegpAchopesR HisvRliHl |ing
fromthe highest peak is the first-order ht of the diffracted |ight. 25
An angl e corres@bﬁ@kn@hﬁéeth@aﬁg§ltPoﬁXBFaFEed?ﬁ?§Férder i ght of the
diffracted light on the graph is the angle of diffracti If t he graph has
noi se, 17 ,4pR 20@994§e§ﬁ68ﬂﬁPﬁ§°6rUé§§§|ﬁgtﬁéédCSWP§eE§ gerformed. This

d | b d 02 lied
det erm ngj i on CRRtRerEsEon T arrrnds. Tpn EhE. SRhLREs "Ry pREguBstraRe! ©d 1O
ert nat ron ancEESbEehoEntE, E?‘nQ?%Héseﬁﬂ?’f@l 7hR8.5Ghst0pE, fatherer

sem conductor vahet f1 {RE.SL LNGH NALLAB.RRALC L alabgasetbe fagbor age

unit 503 of the host conputer s SIXt enbodi ment y peaks

are calculated onetBy ghapl-oeReLabad PYabuBOganal ¥hes sgagel ndicating the
rel ati onshi p between the | um nance val ue and the angle. Thérefore, even

when the Oth- Orﬁ@EoEbQHEf@EaEE@ddhﬁﬁbégtQQe'k@hbeﬁ%%datQﬁefﬁﬁ&ﬂhh@tl@n
position of an angle of 45 as a regular reflection angle, the position of

the firstsorderahyybt Aobrt haedififitadhedihgghhitan beoreli abl yhdet ected. In
each of the above enbodi nents, the detection of the first-order |ight of
the diffracted kikghtgesuB@tconsi stemhkyhdescciobpdteHoweier relle ol i nati on
angle of the illumnating unit 3 with respect to the sem conductor wafer 2
can al so be set Thy déflemtinagivtheangheocdatrioildier (9 iesitemaitigedl yngessr: n
= 1, 2, such as the second-order light or the third-order 25 light of the
di f f r act ed | i ghtheAliseliapthgighnddret &@@eétﬁ@ﬁlﬂéﬁlpﬁeu§éﬁl@ohﬁﬁ%%or

wafer 2 is described in each of the above enbo |ne ts, % sent
i nvention is APRP26H3 to the semiconductor wa to the op imum

20 state, i.e., the angle A.

In this first embodiment, while the inclination
angle of the illuminating unit 3 is changed, the
diffracted light from the surface of the semiconductor
wafer 2 is received by the image sensing unit 4 at each

25 inclination angle. The average value of the luminance
values of the diffracted light is calculated, and the

graph 20, as shown in FIG. 4, which indicates the



43 al so applicable to a liquid crystal glass substrate. Furthernore, in
each of the above enbodi nents, the inclination angle of the illum nating
unit 3 is set while the inage sensing unit 4 is fixed. Fb%¢VEﬁR2lFe 5
inclination angle of the image sensing unit 4 can also be set while the
illTumnating unit 3 is fixed. As a consequence, the present invention
according to the first to sixth enbodi nent.s, can automatically set an

optimuminclination angle of the illumnating unit 10 when sensing an inage
of the diffracted Iight and can process various objects to be inspected.

Al so, the present vent % gs t he ncllnatlon an % IIH nati ng
unit by detectlﬁﬁ ? éO?F FHEPET § ? BYeFﬁ%ed}F? ?88 FSHF |ved

from o o o End s hEs A @ggﬁnaﬁgfgtturgﬁnétgetalngtxe t0e_LgLipat  on

angl e can be se cura ernoré, the present rnvéntion can

set an Opt'nvntttghtnat'e %ttaeltg gggaggegrmmhtngEOﬁatﬂls

desi gnat ed regionon an o € I nSpec is a view

showi ng an outljpe.pf LAE Egef hHHi%hQBon aaalbnagetﬁenitmgmmteﬁband
illum nating sy tentof a detfect detecting apparatus according to

sevent h egbodi ngat o8 EBesEEeéﬁnthénMQB&boaf_BEEQFHEBGthnEthnIO a
sem conduct or wafer 25 2 as an object to be inspected is placed on a stage

1. A linear illugknatingcunsktgleablyanitnmigepsensbng ubi tudosathcadly |ine

sensor canera are arranged above the ~ 7 APR 2003 44 stage 1. The opti cal
axi s of the illsgetnahbhginoiltindtiseni aohilredfatha plédatertingduangl 8,81 to
the surface of the sem conductor wafer 2. This illumnating unit 3

irradi ates the whithcésobeshessétredoiduseosingf en 2mgo@i P theear
illumnating light. The optical axis of the inmage sensing unit 4 is also
inclined at a pdédéreﬁﬁﬁdeélﬁhgbetheﬁé1ﬂﬁe0§ﬁﬁﬂ8081€h‘ﬂﬁélééwlconductor
wafer 2. This inmage sensing unit 4 senses |line by line an i e of that

di ffractt® |ighf8iffsacrtre dnpPSSe éPdlﬁotH§r§8ﬁWcéﬁ&HEPGF ﬂ&ﬁgFtZ which is

enerated by illum nation b he ill um na i.t. 3. Not.e.that the opti cal
gXIS of eac% of & ?HQCtnﬁBeoggﬁgﬁnBaﬁnFt 2 &h&thglFFFﬁﬁFﬁgtﬁﬁﬁgﬁﬁlt 3 Ps so

h h | h f f h f
can 16 be adj UshEH AT PAPALS" pFBGet BEF RN Pangaa Rl BF The e1dfBtdRsn »
an outline of tggutoggg ug%t'ggfetﬁgaga %09' Stah&ebphuttera defect

det ecti ng appar errin a personal conputer
connected to th%o&”%%?é%egétﬁgnﬁn'%nﬁ %Bléeﬁt%%ed@Q%%%eﬁhsb%E%Eb%n

controller 8, an opti system>¢ontr ol 9, an illum nation angle
control l g5 10, @esubslicaheulitanshhirewdi b bkteandnak .i Mg csMSIgNY,angl e
controller 12. The illumnating unit 3 is connected to the optical system

control |l er 9 andekheocdduckbinvagieiren 2ahgive ngortiveldser pht.tetnes stamgdel i S
connected to the stage novenent rotation controller 8. The inage sensing
unit 4 is connedhegeictietthe st age
Outlines of the configuration of an image sensing
system, an illuminating system and a control system of
20 a defect detecting apparatus according to the second
embodiment of the present invention are similar to
those shown in FIGS. 1 and 2, respectively. In this
second embodiment, two or more illuminating light
irradiation positions are set on a semiconductor wafer
25 2. As in the first embodiment, a substrate transfer

unit 11 picks up a semiconductor wafer 2 for setting

the angle of diffracted light from a stocker (not



~ 7 AP R 2003 45 novenent rotation controller 8 and the inmage sensing angle
controller 12. The personal conputer 50 has an i mage anal yzer 501, a
determ nation unit 502, a storage unit 503, 5 an image input unit 504, and
a display unit 505. In addition, the personal conputer 5! ha&PRj@%3r al
functions such as a CPU, nenory, hard di sk, keyboard, and nouse (none of
themis shown). The personal conputer 50 a function of 10 executing
various control operations necessary to set“those inclination angles of the
illumnating unit 3 and the inage sensing unit 4, which are best suited to

sensing an inmage, of the diffracted |ight. K The i e anal yzer 501 generates
a graph 20c, assgﬂﬂﬁh'iﬁnﬁlEﬁa§§51§LFtﬁeBéCBBQBE?gEdwﬁgﬁérg,Oﬁhﬁch

i ndi cates the regatio shj Qetme n %he | um nance val ue. and t he angl e.

Al so, the imageS ﬂg?yger ggf anél@?é 8ﬁmpﬁh8£ §eﬁ§§a §9°Fﬁe i mage sensi ng
it 4, t ts_def h AN hi . iat.i t d fl

on the 20 sem chRUGRLGF 168T P52t aRa Phushs PRy 4PBeREreEn ke EEe2 o di <ol ay

i nformation suc t - : her s,,1P0Si §1-0054 12Rd @k eas9fhcthese
defects. On theaggéPsggf&gﬁgﬁéngghgeﬁgggted Ey tﬁg ?nage%ana?yger 501 and
indicating the gehahinashhg Between the lum nance value 25 and the angle,
the determnation unit 502 detérm nes the position of the nth-order |ight,

which is best suitedrg olgservat vakw ehotliegdial biaghed ldxghiplsernsedn 1 7
APR 2003 46 by the inmage sensing unit 4. The stage novenent rotation

control l er 8 noypagthaispage hnhaviengnt haesewifeenddeter twabeappapbaasd on
it in one direction at a pitch synchronizing wwth image 5 sensing by the

i mage sensi ng uactto4diandtal shecsertoalds embbdiimentand pbei presiendg of the
stage 1. To acquire an interference inmage, the optical systemcontroller 9
control s the inseventnoof. adni thésf seepnod kibpdimgntandnt Amagiegiett &Wsunt of
the illumnating unit 3. 10 The illum nation angle controller 10 controls
the incl LAati onsangreeop it hbei semdiceadus§oynivatenwt s sensed 1in

advance, and a wafer image 21 is displayed on the image
display unit 6 as shown in FIG. 5. An inspector moves
a cursor 22a displayed on the image display unit 6
from an input unit 7, and sets two or more linear

15 illuminating light irradiation positions 22 on the
displayed wafer image 21.

To set these irradiation positions 22, the

vertical size (the size in the moving direction of
the stage 1) of a chip 23 on the wafer image 21 is

20 input beforehand. A first irradiation position 22
is set on a predetermined chip 23 by the cursor 22a.
In addition, second and subsequent irradiation
positions 22 shifted by the size of one chip 23 from
this irradiation position 22 on the first chip 23 are

25 automatically set in turn in the row direction on the
wafer image 21. These irradiation positions 22 are in

the same position on the individual chips 23. It is of



respect to the surface of the sem conductor wafer 2, in accordance with
instruetions fromthe personal conputer 50. The inage sensing angle
controller 12 controls the 15 inclination angle of the inage sensing unit 4
Wi th respect to the surface of the sem conductor wafer 2,1?nA%tQMBdance
wWith instructions fromthe personal conputer 50. The substrate transfer
unit 11 picks up sem conductor wafers 2 ong.by one froma storage stocker
20 (cassette, not shown) and places the sem conductor wafer 2 on the stage
1. After defect inspection, the substrate transfer unit 11 returns the

b L
RG22 15 3, ] ophghast shophguc\espaocsut oL selt ngct helghipal ion

in the above defggl dEEEEEiﬁgﬁéﬁBﬁéaiHsseEiBsiinéh?§§r§2§%g”%hkggg ngles of

the illumnating unft and € I mage sensing unit are t suited

to sensing an i pRgEeAk:tN€a? ebftﬁa01§9elgaegiaeﬁtaﬁtcngerB'ew ghant shown
in FIG 12 is executed when an inspector designates, froma nenu screen

(not shows) on theapeksepal pesmpubar 250, ahhesstaibrafii s€ibhNgoshi t2Bns
illum nation angle and i mage sensing angle for sensing a good diffracted

i mage. 10 Firstbyt bRusuhstrawenyr ahef eetudhty tégpoaks up a sem conduct or
wafer 2 for setting the angle of the diffracted Iight fromthe stocker (not
shown), and transferdnatntlipl ateset hansddilooidaction watde 2Zoamtroltflkee di0age
1. The stage novenent rotation controller 8 15 positions the stage 1 on
whi ch the seni ceadactbe wafsinatienpkagéd. ofntbeepliuminahéngensohnaPl
conputer 50 sets on the sem conductor wafer 2 a position which the

i 1lumnating unvitB reprarht &8 Whehshrhase PEI bhenaemhgondyetor2gakarst ep
S12, the_image sensing angle controller 12 sets the inclination angle of
the i mage@sensi Agtanph antbiadéKsrR§ aRIlrmgeé bhet Retatfiprastagtiight. In
step S13, the illumnation _angle controller 10 sets_the_ingclination angle
of the i11uninaPPROCAAR SVRALR 5BSr ABFACDAEEORNENGART SEe BF t he

sem conductor water 2 to.an jnitiaglly set_angle (rqQtation start position).
T step Sia wniroorRaefARR Hion afoRBesRlinin LOLE KRROEE 46

illum nating un&kigig?égggggeg?h@etH??hfEggggpkzﬁénkhgak%¥s§¢t angl e, the

i mge sensing unit IvVes e diffract I'i'ne by T'ine fromthe

surface of the §§9}?gﬁ?§§ﬁ0bo§@£§bnzz§toﬁaﬁﬁe!Q%h&ﬁ%ﬁhﬁﬂt@?ghﬁfeg ?29 dat a

of the diffracted _ us received by the inmage sensing un
suppliedibo theahmegagenBEhstAGt uRQ4 af rtbeipessenal dserpHEeedS@ighh step

S15, the inmage input Unit 504 converts the
from the surface of the semiconductor wafer 2 at each
inclination angle. The data of the diffracted light
thus received by the image sensing unit 4 is supplied
to the host computer 5.

20 The host computer 5 calculates the average value
of the luminance values of the diffracted light
received at each inclination angle of the illuminating
unit 3, and outputs to an image analyzer 501 these
average luminance values as luminance values

25 corresponding to the individual inclination angles.

The image analyzer 501 performs image processing to

generate a graph 20, as shown in FIG. 4, which



diffracted light received by the inage sensing unit 4 10 at each
inclination angle of the illumnating unit 3 into |um nance value data. The
i mge anal yzer 501 cal cul ates the average val ue of the |um nance val ues of
the diffracted Iight received at each inclination angle of yhe jpkl4gpg nating
unit 3. By using these average 15 | um nance val ues as | um nance val ues
correspondi ng to the individual inclinatiqp7angles, the i mage anal yzer 501
perfornms i mage processing to generate the graph 20c, as shown in FIG 13,
whi ch indicates the rel ationship between the | um nance val ue and the angl e.

20 The i I 501 .th |ies.inf ti based. t hi h t
the det er m nat | B U FS 509 I TE £ SHPRTRLP RETHECDASHS B HRRISBOVRIYF aph,

e et el L U S0 0 e ey denld o syt g 0 L
(e g, PensL AL o el Mhpniiamcopulls SR RS DI 0

—+S

determ nation unit um nati on

angl e control l ef; 40 444 8P Rlferd i &ECOF daRCeq VAL S ﬂgilféml@&t FOp

result fromthe determnation unit 502, the illumnation angle controller
10 sets, 2.9., Afifsta@ighefoh @it Nehd NBE | OMTROG] Rade OdndN@zor 501
illTumnating unit 3 with respect to the sem conductor wafer 2. In step S18,

the set inclinajémsrangs ecfoss gtaples imdidetbigrage rwidt bO3swipt he
personal conputer 50. If no inage of the first-order light of the 10
diffracted |ightetwesensiesl bhynidfencervabuofamnpetlat | amslelesehiidied above, the
flowreturns to step S12 to change the inclination angle of the inage
sensing unit 4,cearcespendifd ritoe ethdighdudl ieczdiatidnl posi ngonde22bove
flow chart. 15 Next, defects of sem conductor wafers 2 are inspected with
the illunm nati MPANTEPBL 6% IMECTRRGEOR dPRF R emi Ehesrisgsaphattehe opti num
inclination angle A First, the inspector designates the start of defect

i nspectildh from tdRteEmiratkieeithbt>@hown) on the 20 personal conputer 5.
The substrate transfer unit 11 pi a senm conduct or, waf er

Kk 2
obj ect to be inspect2d FP%n?%ﬁég§$6§R§$S%ngfaghamnyPeaﬂat?raﬁgﬁEféngﬂd
| th i d f 2 t.0o th t o t hi tate, th
Dt age. movenent FOLhtT0h CHRTTITRT Do cr TBvato hh KragePat HOShe Bl Fati on
s di . . . . R h |
(3 Oroction) oo, OmsLaRt, locL o VRERE 00K STLAL L5 o)

the imge sel | eNSes " an | mage | .
| ffracted |1 Ohindd ot byl hqcuh i o o £681h0R PEIRERCLEML %0t 0 ShEramYi O

direction of the stage 1. racted 1 mage sense e | nmage” sensi ng
unit 4 isstransferi&di othdepd SPOLCRNGE YERE PPAsViGrdbe DiiHROSE! ARAL unit
504 until the entire surface of the sem conductor wafer 2 is conpletely
scanned. Wen difffegteddi nogies ifiomlhereadiseionrpesecodbnihe2. This

sem conductor wafer 2 are conpletely sensed after that, the optical system
controller 9 i ndeté¢mmimetitninsuierevceifedtley deid¢bethénatmhge seisi ng

optical path, and optimally controls the |light amount of the illum nating
unit 3. Also, th@2iilsuswppiien tmgtieecbhivoihatiqe segiethentneliaation
angle of the illumnating unit 3 with respect to the surface of the 15

senmi conduct or whf er Intaceprépreenind Biagteerdeteepinagian rasetterthee
i mage. Likew se, the inmage sensing angle controller 6 sets the inclination
angl e of2Q he i nhbEIBERRTHEP UAREle GPRRCPREBECIOtBeEPetRErinckinptinR

sem conduct or “§ﬁ§{e20§°t€Q ffi&g?ﬁ;??g&euﬁfé geafkﬂgrespect to the
semiconductor wafer 2. The set inclination angle is
stored in a storage unit 503 of the host computer S.
In this second embodiment, two or more linear
25 illuminating light irradiation positions are set on
the semiconductor wafer 2, and the average value of

the luminance values of the diffracted light in each



20 an interference imge. These inclination angles of the illumnating unit
3 and the inmage sensing unit 4 with respect to the surface of the
sem conductor wafer 2 are regular reflection angles, respectively. The

setting of the optinmumangles of the illumnating unit 3 3% and the i mage
sensing unit 4 with respect to an interference image is ddrie ABf A0dhet hod of
any of the 18th to 21st enbodinents to be 9 scribed later. ~ 7 APR 2003

51 Fromthis state, the stage novenent rotation controller 8 noves the
stage 1 at a constant velocity in a direction (-X direction) opposite to

the diffracted inmage, sensing_directign. synchronism 5, with. this,
rovenent | the. | RBSELEnot PoUaRPE LAt eEnscb aR | FaGGIEIPPREY! hig FaFbRee
light Iine by |jpe_j h i L on di a e ing direction
o “the stage 1. *ERERS: HEERFLPERDLS RBEHEEE EaHh D5 E Rab A Bt ba P g i ¢ 4
is transferred e 'gagg a er .5 La they.] Ln nit 504,
until the entir%géﬁgf%%e 0 etﬁgggénégoﬁéﬂ%?%¥é§éfe?hén?gﬁggngyéFgly
scanned. Wen the diféeactedyi Frogscand1igher f 8r goeect BRILEA! eALE he whol e
surface of the sem conductor wafer 2 are Conpletely sensed after that, the
i mage anagyzer £Pdrd§eapal yReset hespnkoELs. tBY lﬁb§iﬁé@§§ﬁshﬂﬁled6EeCt5
such as resist filmthickness variations, dust, and flaws on the

sem conduct or weheriRlaneéngkingctingdt andipheeespetti sbotnat senisunh as the
types, nunbers, positions, and areas of these defects are displayed on 20
the display unidu&0dr wheesemi tondatt or Awabedigl hustbenphel dhytiospect ed
is returned to the stocker by the substrate transfer unit 11. Subsequently,
the substrate tangséecannbe fé4ttwahbfbighan ancnspeyt tblaseimmcbhduiostwaf er
25 2 fromthe stocker and places it on the stage 1. Before diffracted

i mages are sensewbodhmentndesanibed ahgve.A of the illunminating unit 3,
which is stored in i 7 APR 2003 52 the storage unit 503 of the personal
conput erl®0 is read &bt thg¢habprpusrRaRfof™RAGLEBCESENt LBRI 8VereJguieriti cal |y

sets the inclination angle of the ||l um nati nit 3. with respect to the
seni conduct or 5°hafRf %g¥bnéﬂC8pYﬁﬁHﬁ§aﬁ§IQ?TEHT?F?Q é@vEﬁ?thEEBGFﬁEHt,

while the inclin§tion angl e gf t he illugkngting ugi%.3tis chanﬂeds t he
diffracted Iigh? f ot FRE- suf PHEESHr THE"SER Rondultor “wafer"2"i 851 ecei ved
by the inmage sepsjng:unit. 4 h_1Q,i LpapLon.angle h ef.age val ue
of the Iuninanc% @%?ﬁgghoya%ﬁ% g??f?aggégakth?bggaggg%qu eg}génégthe
graph 20c, as SHQ&@.'”FE#Ehe}ﬁ rdhi Efle! HhﬁﬁﬁﬁéetOSEES!ék'QQéH'Eiﬂ@tmﬁen

t he average | um nance val ue and the fncl Inatfon angle is generated. The
first-orger 15 LhghbeobrbhecHihf hAQt REibheBE be E8kghPiAgditrQmhhe graph,
and the inclination angle of the illum nating unit is Set on the basis of
this determ nataaninesukérefonsengnt b¥scirlibed pagsibke to automatically
set that inclination angle of the illumnating unit 3, 20 which is best
suited to sensing anoutddgeesf ofhéhdi tbnddgedaltight oft ancdsialy ckhaing

hi gh-quality diffracted i mages, and to perform accurate defect detection on
the basis of theyetdinffeaciélunihgésngAdsstesnahtbya thetiadl smatewnodngl e
of the 25 illumnating unit 3 is set beforehand for a sem conductor wafer 2
for angle settifgdefiectfdetactisagnpepagastsr agapsdsng, tanghpsthppried to

def ect ~ T ASR 2u~ 53 , . o
20 embodiment of the present invention are similar to

those shown in FIGS. 1 and 2, respectively. In this
third embodiment, even when the first-order light of
the diffracted light cannot be well detected owing to
the state of patterns on a semiconductor wafer 2,

25 an illuminating unit is set at an optimum angle with
which an image of the first-order light of the

diffracted light can be sensed.



i nspection of sem conductor wafers 2 after that. This can shorten the

i nspection tine. As described above, the inclination angles of the
illumnating unit 3 and the inage sensing unit 4 are set by using 5 a

sem conductor wafer 2 for which defect inspection is actuaWprgq@%prned.
Accordi ngly, sem conductor wafers 2 having diverse patterns can

i nspected. Al so, the above defect detectin% apparatus uses a pair of the
illum-nating unit 3 and the inage sensing % unit 4, and can sense both a
diffracted image and an interference i mage by changing the inclination

I f th its. ifically, ile th 1 whi_ch
em conduct or vaf er 3% ShBI S84 SPAoTEHOPEy RAPGSARE b ackAaPAS 25 H e
di ff ted i 5 d ' he. d
nterterence T negee el sEnEas EH hEdeke TRk aR TRY S TeRbreRRE hrs
manner, di 1 1 acLfd. hmeACEraNds] NhepbAREAGEohMRARS 5680 D ORLaLRRA I Lhin 2
short tine period. ring the [mageé sensrng, the inclination angles of the

20 i"uninatingogy%;s§m§89n§ﬁetbgagsfé§n§ingPuaierpﬁreeﬁ@ra%Edas to sense

an image of the « racted light during the forward novenent and yo sense
an image of theghnigaberenseykeghtoduehngihhechaskyakdenPyeraBAbnsAL O,

since the irradiation direction of the illumnating 25 unit 3 is fixed
whil e the stagebétwsenD¥Rd hagkeanddf ehkhavkhBageooudinahes ohltiBeogensed
diffracted inage and interference i mage can be accurately nmatched. 17

APR 2003 54 To skasdidifiranbgd dfighkghtcééved. atseathededllinghtpnothegilet han
the diffracted light and interference light, the inclination angles of the
i |lumi nating unpf gnandluménhivge seasi Ag ulhe fias&-prdper Lygbhanged, and
the 5 stage 1 is noved back and forth a necessary nunber of times. Qutlines
of the configuraeFbdhien ah thagdifénsrhgdsydobiy cannpltl bei detean§edyst em and
a control system of a defect detecting apparatus according to the eighth 10
enbodi nek? of t REOPr EB&At IFAPBNELPBN &PeasPRLRAMIPEtLRBsENdKowA2Zi AARNES. 10
and 11, respectivelgm_ln this _eighth enbodi ment, as_.shown in FI 14, in a

graph 20c indi c4BFREMERE FBPafFERSAPPIBEL 'QﬁttﬁgaFGﬁiﬁéﬁé§a§§P e and the
| e, il1umnatli . di to 15 | um | k ~
Whch corr espondeanb ot hin FRE- GPagr P BRECoFoTRETEET Pr AEEEd™ PGRES S not
ded . " and e ! . . ;
egar e a2 ooty QUi AT ARL! 4T DSLREN. B0AL e LEEROULLTG, gyt o

smal | er 20 | uni pageeoyghusn andebiauli Ghig SBaNgRd Bokheshuiagegoval ue is

large, is considered to be an optinumillum nation angl In"the seventh
enbodi meps, a supatFakgtihansten gkt pdkiRieks WRgad, Sam aagdecker wafer 2

froma stocker (not shown), and places the 25 sem conductor wafer 2 on a
stage 1. Next, @ahgeaphibndi eahi ve eksihg sekat ianshdark field image.
This predetermined angle is any of an angle previously
obtained by simulation, an inclination angle used in
the previous defect detection, and an angle shifted
20 about 5° to 10° from 45° at which a dark field image can
be acquired. Alternatively, an inspector can designate
a position 24 assumed to be the first-order light of
the diffracted light on the graph 20a shown in FIG. 6.
On the basis of the set angle or the designated
25 position 24 of the first-order light of the diffracted

light, an illumination angle controller 10 sets the

inclination angle of the illuminating unit 3 with



bet ween the | um nance of the diffracted |ight and the 1 7 AP R 2003 55
illumnation angle is generated in accordance with the flow chart shown in
FIG 12. To determine an optimumillum nation angle, a determ nation unit
502 searches for a | um nance val ue peak corresponding to % e first 5 order
light of the diffracted light on the graph. In the vicinity 8PR&uni nance
val ue peak, the |um nance val ue does not ;&{gely change even when the
surface state of the sem conductor wafer such as a pattern pitch slightly
changes, so a change in the 10 diffracted light is not sensitive.

Accordingly, the determ nation unjt 502 sets, as optd mumill] unm nation
angl e, t%eyi||Lﬁﬁ§BﬁQEﬂF%Hﬁﬂ%3§ﬁm%§?ﬁ Qﬁ;%ﬁn%§£§¥?§htl HRVHAT %n?F%%éthe

| um nance val ue k and_in ich ch ' | i napc is found
to be I|arge. 1?’?@%@(&1&& @%,@alrbiﬁ?? a%?%%%%a%lgf%a%;%ggﬁi g é(gﬂé%%lcti vity to
defects can be tlines of the configuration of an inmge sensing
system an illdﬁﬁﬂisg%ﬁqustenland a control system of a defect detecting

appar at us accordi ng g&rfﬁgfﬁégéplgggﬁggggiggng piulhe; pyesenteigvention are

simlar to those shown In 1, respectively? In thi§ ninth

enbodi merd, as spoun éé&nfé&%uléé& apdedBB, 21 LA URi §ebérar apgbesshoah | o1 n

pi tches, and i mage sensing angles with which the first-order to nth-order

light 25 conponent sigad&ub it Bezby st £ah| guhogaeguat §pashcao, besobt ai ned
are superposed and di splayed on a graph 20c indicating the relationship

bet ween the | uninewmeeinarie. 4, WwhipR 2008c&beof thberdiétiansietpl i ght and
the illumnation angle (mis up to about the third-order light). sinéd -
sin9i = m~,/p -betyddnBthe =lenimdn¢si vaBud-ard thy arngleé2 )IB thgsati on (2)
is obtained by expanding equation (1) by 8i) 8d: the image sensing unit

i nclination angtas@i :anhenspeéchdnadenyonatiesi feei pasibhorngfeth® the order
of diffracted Iight 10 ~.: the wavelength of illum natjng Iight p: the
pattern Ptch REieskreydesn FHaht1sA thepdifErachrechigbl andthe PRabe
sensing angle (in FIG 15A, a canera angle% 152 are di%pla¥ed on a displ ay
unit 505 so t hadPPReRElate graph selectéd from an input unit 7.

Alternatively, the determination unit 502 can select
the most appropriate one of the graphs generated by the
image analyzer 501, and automatically sets the position

15 of the first-order light of the diffracted light on
that graph. 1In any case, even when the first-order
light of the diffracted light as shown in FIG. 6 cannot
be detected in any of a plurality of graphs, the
position of the first-order light of the diffracted

20 light can be determined from the most appropriate graph
as shown in FIG. 4. The determination unit 502 can
also calculate the average value of the positions of
the first-order light of the diffracted light from the
plurality of graphs, or calculate the position of the

25 first-order light of the diffracted light at which the
luminance value is a maximum, and automatically set

that position. 1In the above processing for a plurality



15 val ues can be input, and an index, e.g., a slider 153 (or a pointer) for
designating an illumnation angle at which the first-order to nth-order

l'i ght conponents appear is superposed on the graph 20c in accordance with
the input values. 20 Referring to FIG 15B, an image sen5|@g ARY (in FIG
15B, a canera angle) 154 is displayed on the display unit 50 SO that this
val ue can be input, and a pattern pitch 15? and an illum nation angle 156
with which the first-order light of the di }racted | i ght 25 appears are
super posed and di spl ayed parallel on the graph 20c. In FIG 15B, an angle

designating slider 157 for, designha he inclinati,on _angle of the ~ 7
APR 5003 5 111051 AERERGRHHFESE MEZaFe ?ayedseﬁ*ﬁsorlﬂers. ER%T MR A o

(illum nation an 156 ndlc ted ? S|Id 157 ] dIS |.a g on the
Lover 't ght _cor REPES SFRRP oL aphe ety iRy e REnERalet Rate REpbERS? moves
the 5 slid t f th ted. B
us?ng fh:se;ngléeﬁga§gggéggg w?ﬁekg Eder %ggﬁggggﬁﬁg ngbﬁ&?ﬁggggﬁgfe aty
whi ch t he flrstlHFg L?ght of the diffracted light appears, a pattern
pitch 71 is calcu 5 romequation (1) above, and the value 10 is

di spl ayedson the | oweg Ehggttﬁ@&ee@mghdaﬁéngraahenlQh@d@u&@Qﬂorw%%n t he
illumnating unit 3 inclines to the inmage sensing unit 4, the diffracted

l'ight entering 1hghtnaget§@naLﬂgruatbd41ngh&oaahhaesbenwéu&uabﬁdc@@aendlng
on the inclination angle of the illumnating 15 unit 3. In FIG 15B, this
angul ar range iswtlhgptayedeastatei ofiopatbkensebhi ager aagecdnduetothe
inclination angle of the illumnating unit 3. Furthernore, by changing the
val ue of the pawaéen Pitehpoedeherinimgd sefisrrgcanghglei tisi seppssirbitbet o 20
i medi ately recalculate the illum nation angle at which the first-order to
nt h-order |ightpeshpdaentd afpthe Sirsheopderelagpitt ofi dhewhiidfrahsed
first-order light of the diffracted |ight appears, and redisplay the value
on the gt@ph. Thighfl Lewdeshanphispesnor g6aBReck FEKENeEIQZRUEe tHE BOBAL t er n
pitch which has generated the | um nance peak of a graph_generated from
sensed diffract @PFPRhtate graphpRso6h3ssy ﬁFoﬁoalBﬁPﬁéﬁééypéékg6PPPﬁe

léﬁi?ngrﬂﬁ{t'hi?é GRaRGRESTo pEr FoP Eyrei%?x ; PBiectE Neamenreyctore -
ﬁﬁﬁﬁ%%%%ﬁ“%? 8“?%%%@%“%£“

sensed, w thout a ensi e t d ¢ high Slnce
this can nmake aﬁgg%gugF 9§52§5§§1§ﬂ%??§§tgggﬁnggg éggﬁggpon lh@ B e pattern

pitch 10,6f a pgrbnaeaRQtpeotnapsﬁhgd éeheghueﬁkﬁyt'eaewﬂhhehlgher
accuracy can be perfornmed. Noté that the graph |spfays are not restricted

to those shown iRappESpridfeagdaphBasFanonxanal erca syhkhgknerataph et
FI GS. 15A and 15B can al so be 15 displayed. Qutlines of the configuration

of an image senssngosysben) tansek! anl bptingmsyages afd taecanlu@inayshem of
a defect detecting apparatus according to the 10th enbodi nent of the
present inventioniéré skniwhacht en2@mebesefshbenfimsEFG8det0 lagtitldf
respectively. In this 10th enbodi nent, the irradiation positions of an
|Ilun1nat|ng untheadéféégpgﬁdtééghﬁrCanpb@rappuyaéﬁlyuﬁénﬁﬁded regi ons
dlfferlnz .g., pattern width, shape, and direction in one chip on a
seni cond€®t or 25 waf@PtélnPﬁ sddithieo OPEREUEEHLPAS © ToR 1t HBAdgniSeRsdE Y al ue

bet ween deS|gnated regions,at each irradiation position is_regarded %s t he
| umi nance val ueS¥FtERe an 1#lgppn2@é§g system and a control system o

a defect detecting apparatus according to the fourth
embodiment of the present invention are similar to
those shown in FIGS. 1 and 2, respectively. 1In this

25 fourth embodiment, the irradiation positions of an
illuminating unit are set for a plurality of subdivided

regions differing in, e.g., pattern width, shape,



59 corresponding illum nation angle and i mage sensing angle. As in the
seventh to ninth enbodi nents, a substrate transfer unit 11 picks up a

sem conductor wafer 2 froma stocker (not shown), and plﬁpeﬁpRt 2@35

sem conductor wafer 2 on a stage 1. Next, a personal conputer sets on

t he sem conductor wafer 2 the position of an illumnating unit 3 which
irradiates illumnating light. FIG 16A i§ a view show ng a display exanple
on 10 a display unit 505 in a defect dete Ei ng apparatus according to the
11t h enbodi ment of the present invention. FIGS. 16B and 16C are parti al

enlarged views of  FJ. G 16A. In this enbodi nent, an i e of the surface of
the seni conduct®dd \ddfrtﬂc 7015 e ¥y OS5 -Bh &b rie g, C FMarEehege 25 is

di spl d t di spl i t. 505 \ i n_Fl 16A. A | nb f
clhisgsagg a??anggsd Jhi%%ﬁ:%? groe tglsls%’loa%lfﬁflc{llﬁne[ ekt ésfu}? X e9229 Agr sﬁown
in FIG 16B, each _chi .has .a plyraljty o e i.ons 26a,.26b, and
I26c 20 differ eﬁct%a}nnsfy% S‘S‘flhcpzsiLt (;ﬁr)lné)]{vﬁ ?’a s%egg‘g&l%%%ﬁ?g‘g iirseo fifllfno hi s
state, an ins f.Qr. i I r t 1 ne i 6 on the
waf er i mage ZE%%rﬁlﬁ%g?}%g%% nae: rebgf aQﬁpr e eﬁﬁoﬁilﬁeggpfe%%ﬂn%%tﬁ%]%gga 25

CUTSOr 2Za 1 OMA HTRMb.ASY, 28 N9t SOWN. Pl AyREh A  hes A8 SON3]

conputer 50. If the inspector désignates a region 261 corresponding to the
pattern regi on 26xdge 1.~ NARR A0 @onpitss Piddey o dihe | i ke on the
cursor 27a which designates the pattern region 26a, an irradiation position
27 on the waf ersdniRgthdfrticy @5t 2 aheshowitior|ldE 66 1 Bagimawinmass the
regi on 261 corresponding 5 to the pattern regi on 26a of each chip 26. If
chi ps 26 are alwdtpresdrnich ndresdiradve diirldoimiorg titrfye Sighet (vertical size) of
one chip 26 fromthe irradiation position 27 is cal cul ated, and anot her
irradiation positiorFIF. i sis setview tshawioss a digp ay 264ampl € oon epondi ng
to a pattern region 26a of each chip 26. Assune that the inspector

desi gnatlés anotieade efjissi B Mnith edéh W Ffofmch netegfi omg a®atat Y esent
as in the region 261, In this state, the above defect detecting 15

appar at us execREPEHA DG diheorf VI itheMa R o SHvh RyesaE 12,

obt ai ning the | um nance val ue_ of _}he r*(:)I%'tf_Jract ed |ight for. each_ of, the
regions 26l andPERLARE cdtGast/hafeet 1 RAdr |STH 3R AR in
the region 261

tint . 28L i | cul at ed 20 d t th
| um nance val ueoa%??#%'g 7d%‘fnf r élgttretglgsi ioeglfﬁ? b Iezr}tgghacnfn%?ag%%i fgqir}heese = ©
| ati hip b L.y ; i f. { gh dth
relationship %%tﬁerﬂg{ge%eco Ko &Jp%ﬂ'i lr$c§éargsédg t and the

i nclination ang romthis gra an illumnation angle and

i mge sqmsi ng NGt & Aa Ml chh 2%, tREr SOMAAR I8 A M SUY & & Pbad ned. In
this 11th enbodi nment, detailed information is obtained froma region

desi gnat ed by @%dquSRﬁCéplrasPﬂmiﬁ d HPROE3 &l the. waler A negegelS

di spl ayed on the display unit 505. Therefore, it is possible to acquire
diffracted i nagasydd hothighighs 8 Wmeyhdddn mwhemat fiegimihnér desd gnated in
accordance wth design data. 5 Qutlines of the configuration of an inmage
sensi ng syst emdisspldyadnirating wyidemmeagk 2 TontAol stsyat e AI@. d& ect
detecting apparatus according to the 12th enbodi nent of the present
invention are sanh aghim 2hdss shawuial RGN meRrn regespeciéael y. In
this 10 12th enbodi nent, as shown in FIG 17, a display unit 505 displays
graphs 2819 and@B1@n% 4F H EFRrenti Hance: Yol Ut o3rn Widkh | $R2RE,
regions, e.g., the |um nance val ues of regions 261 and 281, respectively,
shown in FIG 18t &eeSEiRed to the illumination

In this state, an inspector operates an input
unit 7 to move a cursor 27a displayed on the image
display unit 6, thereby designating the column of

25 a predetermined chip 26 on the wafer image 25 and also
designating a predetermined region. If the inspector

designates a region 261 corresponding to the pattern



15 angl e.- Consequently, even if the regions 261 and 28| have different
pattern pitches, an optimumillum nation angle corresponding to the
first-order light of the diffracted Iight can be determ ned on graphs on
one screen. 20 The graphs 261g and 281g can al so be displayédApmzﬂbfferent
colors on the display unit 505. This makes it possible to distingursh

bet ween these graphs 261g and 281g of the reghons 261 and 281 by different
colors. In this case, the average val ues or e 25 maxi mum val ues of the

| um nance val ues of these regions 261 and 281 can be displ ayed toget her

with the correspordghgngpgnhg,261 nd 281g. ? ) APR 2003 62 In a defect
det ecti ng appar at us accordingyto gﬁgsf3PﬂlgﬁB§dPﬁehheoiikbeoﬁrgggn&uﬁsor
e

i nvention, the waféa whhge a5sd ssEibegd in the 11th enbodi nent and t
graphs 261g and 281g descri bed ?n %%% ga?hp%EB%HPnéﬁgiGnazeasiﬁHgtggggusly

di spl ayed on a diSpMRytemi$ &5 Jhip 11s. an jpspector to recognize the
correspon dence between the regions 28%%¥%§€%ﬁ9ciﬂqmﬁ Wefzdiatmbge 25 and

the graphs 261g &HFUBIN a3%h an defecis €st ect | paratus according to the
10 14th enkodi ment of the present inventi oﬁ%élgggs%asggsél%v@hﬁsﬁwt aotstd@n

control | er "8 contrblfs Got ¥t i imovermenti and,J ot ati.an of a stage 1. The
rotation of this stage 1 is controlled in accg%)éﬁf@qM%W1QQQ§&ﬁsdﬁkion of

the pattern on a *§8Plo @l c cor resbendn t&o ject to be inspected.
When t he stage 1e5§h”D§ed strai ght (X d??ectFg%)gaﬁﬁﬁénaﬁeﬁppawﬁﬁatbﬁg uni t
3 irradiates the Surfd épo?GPheI§enh¢pad!5tg&emgﬁgh gith linear

i 1l um nating Iigggreggiinagg of the diffracted Iight oégﬁﬁé 20 itheerbwrence
light cannot be sensed PH’s he %bé@s(ﬁependhngsﬁﬁe;hgfdgﬁgct'on of the
pattern on the semdcppgdugior. wafer 2. For exanple,” an i mage© tPtf& from
diffracted light or the InterferRRREtiont? canncilbe sepsed,jf the

. ) > d.an .
directi od®f theipatdesy s an angle 25 of 90 with respett  tPHeEY i ne
auﬂ?%?ﬁﬁ%ﬁﬂn 7

direction of the illum nati Jémeséﬁk&tﬁﬂs@rggg; as'i[%%e.
novenent rotati @flc%ﬂxfégggnoqncgor%trol s the rotation of ~ ~ f9b3 63
O a pattern region 26a of each

chip 26,

In i i i
this state, an illumination angle controller 10

sets t i i i
he inclination angle of the illuminating unit 3

15 wit
h respect to the surface of the semiconductor wafe
r

2t initi
O an initially set angle as the rotation start

position, i
From this State, while the inclination angle

of . . . ,
the 1llum1nating unit 3 is changed in turnp with
res i '
pect to the first lrradiation position 27 on the
20 semiconductor wafer 2,
th j ]
e diffracted light from the surface of the patt
ern
26a ¢ i
orresponding to the region 261 at each inclinati
angle, .

Th j
e data of the diffracted light thus received

b . ) .
Y the image Sensing unit 4 is Supplied to the host
25 computer 5,

Th
€ host computer 5 calculates the average value

of the luminance values of the diffracted light



the stage 1, e.g., rotates the stage 1 90 around its central vertical |ine.
Since this aligns the direction of the pattern on the sem conductor wafer 2
with the line direction of the illumnating line, an inmage of 5 the
diffracted light or the interference |light can be sensedjzlmphghﬁ 14t h
enbodi nent, the rotation of the stage 1 is controlled in accordance with
the direction of the pattern on the senico?guctor wafer 2. Accordingly, an
10 image of the diffracted light or the intérference |ight can be sensed
frompatterns different in direction. Al so, since the stage 1 need only be

rotated a predeterm ned angle, the rotation eratiqgn is easier than when
t he iIlunigatinﬁoﬁﬁﬁﬁp§naﬁggaﬁo ﬁg er§8ﬁ§Pn5% nFECEs Ve £8Ck ed

t ther. | def ect tecti t di to the .15t h .enbodi t
o Ot he pr esont. ARGEAPATACT, PRGEnRE: el LAACRARALEas Fri 2 PRCm nat | ng
unit 3 is not l%ﬂ%ﬁﬁ giggtanTE%% Esan%ﬁ EEI @Hn@hkg% %@iE % illum nates 20
the entire surface OF a seni con gbtor mg?er % at one tlﬁg,a F illum nates a

portion of the §%Eﬁ%ﬁc%}° rfrali_ﬁe%?!giscqrﬂlqll:f.?xraﬂ"c_e}’V?’BQhe% _laxsr%ie;g ohld'i&agim@gti on.

In the former one-tine illumnation, plane illumnating ht ev

iI1uninates thetpholaqswitiage 9hcihea$e@nCcanqg2asducirdle Wakele AnallBkefore,
an image of the entire region of the sem conductor wafer 2 can be sensed at

' once. In the baltperspensi iddgenprioerssang MBYGedkrate 4 AHPBpA00Y,64 only
a desired region on the sem conductor wafer 2 can be sensed with point
illumnating |igt shbuwnt her facGe, 4by whdebhi dindd chle salibee renettiomhip
illumnation and the rotation control of the stage 1 5 described in the
14t h enbodi ment beaneemgbeoflumiaanicel ajaket end dhet hegdeni cdhaduct or wafer 2
can be evenly sensed. It is also possible to sense an image of only a
desired patternopgrafiopt ofumeadcatletindcshisi avegagiee vedare olfl ghienati on and
the rotation control of the_ 10 stage 1. In a defect detecting apparatus
accor di n§%t o théumepﬁnéﬁbaaﬂﬁﬁﬁtoéft@ﬁedﬁﬁé§éﬁ¢eﬁn@éﬁ@¢oﬁPda%hﬁnage sensi ng
angle controller 12 three-dinmepsionally controls the inclination _angle of
an i mage sensi ngSRRFAtI8N40% ther 8T5RE: oF6 PRE TouPesc 98T 2aPddkrddnduct or
wafer 2. In theﬁgighth to 15t h enb%dinenhg de%ﬁribed above, the %@ l'i nation
angl es of the i RbgdrEERdARGOMPOSATARES ke i | FBG A3PSRg 2URY 282wkt r espect

cont ol 1. ThePEPBFE L an T aage C5APP NG B FAaer S TegRE B ‘PRE M or f er ence

light cannot al yayg.0e %ﬁ@?qqmwghﬂc%ileg%rﬁﬁhj%hkyanl el NEg LGt h

enbodi ment, the image sensing unit 4 is ree-di mensi nal’l y oper ated and
can thereBy sengg a@shERge t8f thide ididfifhharkad ikhrahbl 423 oo pblig tiikher ber ence
| i ght having highest directivity in accordance with the pattern on the
sem conduct or waher s3ppAceer dnfglrhatiibn HapesSohl €hle@eSgRPhan tbmage

a determination unit 502.
On the basis of these graphs, the determination
unit 502 calculates the average of the positions of the
20 first-order light of the diffracted light with respect
to each pattern region 26a, and determines that this
average value is the position of the first-order light
of the diffracted light in all irradiation positions
27. This determination result obtained by the determi-
25 nation unit 502 is supplied to the illumination angle
controller 10. 1In accordance with the determination

result, the illumination angle controller 10 sets the



1 7 APR 2003 65 of the diffracted light or the like froma pattern which
cannot ~be detected only by two-di nensionally controlling the inclination
angle. A simlar effect can be obtained by three s dinensionally
controlling the inclination angle of an iiluninating unit!Z BRR 2003
illumnation angle controller 10, or by three-dinensionally swi nging a
stage 1 by a stage novenent rotation contrgller 8, instead of

t hreedi mensionally controlling the inmage sehsing unit 4. 10 In a defect
detecting apparatus according to the 17th enbodi nent of the present

i i on, i .of th dli f h f f

Som conduct o whRGE 132t iR AR L6 et ae el byRL PR b gat bk 1 thFan
illumnating unit 3, Is seQ%ed line ﬁ¥ Ihne. 1£eTh scgﬁtere light is
gener at ed when fﬁ%péﬁ#fgge F PRABLSRNTRGhAtCYDr Shaf er 2"faS®Hef ects such as
fl . A i i i I h
o nat g anfeeEPARELER SRaPE! sl PREATEL! 0001 OPaR0AER 005 08F e o

sensi ng an i”ag€h8fh$9ttﬁg$§ﬁ@é£e§ed light. In this setting, a bare wafer
having flaws or a wafer having defects in a specific region is used as the

angl e setging seni copguet 9k \e@agﬁhZemﬁba@fnaauv%x,?a_tgekﬁcybagoﬂnb%a( not
shown) is 25 used to detect defects on the angle setting sem conduct or

wafer 2, and thefpereosRlpCREPULeHe 58 8BS . OPlibREIRENCthBaki patapghes of
the illumnating unit 3 1 7 APR 2003 66 and the inmage sensing unit 4 for

the defective regylen. ofnthdi sSptawen diffsaatsq poghtbtent bectiasectydt he
types (flaws, dust, and the like) of defects in advance, store the
cl assification fofothatobhernpattséonagegions 36608ndakfcabyonimhéapéysonal
conputer 50 to determne the type of defect detected by the detecting unit
on the basis ofseheingfbeghonsnardoiedafihathensposiaféonai insoB8eaad set the
inclination angle for each defect type. Consequently, only an inmage of the
scatterel0|i ghtPaEbarnoradtersa? bt 9pé dfcCedef eeRsealeREl¥enfBoABaEEOr waf er
2 can be sensed in defect inspection. Although a. sem conductor wafer is
used as an obj e®f tBepbirptperden {iaghhecfelBat HifbraztadetbaBlnBAls
descri bed above, a Iiguid crystal glass,. 15 aubﬁtrate cag_also be used. In
the present inveftPoRSed HRf{EaCPEd M Hagbr 28haFEPYePPBERGRTGe8T 8N t he
surface of an object.tQ i nspect ed, can_be, sensed, .so_defect tecti,on
W th higher acctpasy:r8elEysPRPeroR sh8 pAEER e F e iiR=08 6F hvafEr oAtdan
Inclination angbgcagf“@hghcﬁbﬁ gbtfrfgtfg also possible to set a
15 plurality of irradiation positions within the range of
one pattern 26a (patterns 26a of one column), calculate
the average of the positions of the first-order light
of the diffracted light in these irradiation positions,
and determine that this average value is the position
20 of the first-order light of the diffracted light in all
irradiation positions.
Regions corresponding to the pattern regions 26a
to 26c on the chip 26 can also be set by using CAD
information (design information) used in a chip
25 designing process. This CAD information is loaded into

the host computer 5 from a CAD unit 32 via a design

information analyzer 31. When this is the case, it is



| ight exits can be set on the basis of information such as a pattern pitch
on the surface of an object to be inspected. Therefore, diffracted i mages
corresponding to the state of the surface of an actual ob'qckpﬁqwﬁe 25

i nspected can be obtained, so diverse objects can be inspected

Furthernore, in the present invention, diffracted i mages are sensed at the
inclination angle ~ ~ APIt 2003 67 of a pggrtion where the contrast of the
diffracted light is a maxi mum Accordingly, good inspection i mges can be
obt ai ned, so high-sensitivity defect detection can be perfornmed. 5 In the
present inventi S ihhed . I e .qf east one of
the illuninati ng‘&s??’dé’ggﬁsgbtl%é P?Fgg’é%;%?% %% LoE \%%g’nlm e %‘ge of the
diffracted |ightpied -k cd8nseRecdatar De AUl callsy t3fle Aledfiadd. the
present invention, an optifnum angle 10 of at |east one of the 'llum nating
side and the inmpgg $8N%i6RJ adlid@hied rCaiGHHAL 86 R\aY n@f ﬂﬂﬂdﬂida&iﬁ%Fordance
with the pattern pitch or the wavelength of illumnating |ight, and the
correspondi ng i afigedkios) Gaddautbhe thailarn spitt eheor rirheiwavedengt h of 15
illumnpnating light) is superposed and di splayed on a graph which indicates
t he rel at bonshi pokéttween 27henanghe atwdiome 2dilf.fracted |ight, obtai ned by

actually irradiating an object to be inspected with the illumnating |ight.
This can set a nore [madthicalf2Ctd fefmbactiedkrit ,ghthe dged Mimreg: ianglangle
Furthernore, in the present invention, an optinmmangle of the illumnating

side or the i magé $bmsiiddusiidetiay beriged ioanabeosgdndeornietdrhdedi gihedat a by
interacting wth an inspector. Hence, the present invention can handle a
vari ety of 25 obPjp&tesn gegdongsgdet &9 ¢ ©4n ther Coim @& @t Wt ection with

hi gher detectivity. . FIG 18 is a view show ng an outline of the ~ ~ APR
2003 68 confi guPSIMiGRPCARTI WEGETsensi MG eLrLOE R afy s M S8t7g 18Pst em of

a defect_detecti,ng appar.atus ordin t.he 18t.h epbodi nent_ of the
present Fﬂventi&H%oﬁﬁpgﬁppnﬁf?%%ﬁlépi%égﬁ%1§bﬁ%€&ﬁ§ﬁ§?@Fqﬁiﬁéﬁ 5 2 as an
object to be in d. s pl n.a,stage 1. The stage 1 can nove in the
X direction. A %ﬁ%@%ﬁ%tﬁpuﬁFﬁéggn%aﬁnpﬁ %gﬁﬁélgﬁhinage sensing unit 4 such
as a line sensor are t Iﬁg% B i 1 i i+ 3
obliquely irradiates Cﬁltreﬂ?%esgur gc\él:e oc{bq}% senglcogln%fcta{orlr Livr\%%% “J‘qu‘valﬁtr}l?t

linear illum nafsiy@&etknkg% 1 TN @y ¥ inRA L 4G il 3 & %o%qrmla%%tte%togan

i ncident angle 8~ of e iIlTumnating I"ight with respect to a nornal
passing the surfage reltt kR t2RMieN el Rl Qlccd il n@idaltie fiter mage 15
sensing unit 4 senses line by line that interference observation i mage from
the surface of khedocsdmen@ndifCithle paleatent, iWRietitics garerdAnad d¥y to
illumnpnation by the illumnating unit 3. The inmage sensing unit 4 is so
pl aced that an itimege sdosinngnaffiGs .8 Iwiankl 2es pecpaal i2@ ltyhe rlor radlisS
passing the surface of the sem conductor wafer 2 is variable. FIG 19 is a
vi ew showi ng an fddtthi sebod ittes teortthieg frigtsitop rsfe ra ldeiitr 9 $yst em of t he
above defect detecting apparatus. Referring to FIG 19, a host 25 conputer
5 is connected @4 ffFaqtesyd ighisiisg detacted &y usdyw @ingplsaydaunitthes t an
input unit 7, a stage novenent rotation controller 8, an optical system
controller 9 side or the - side of the axis of the angle around
20 the axis of the luminance wvalue) of a graph, generated
by image analysis, which indicates the relationship
between the luminance value and the angle. As in the
first to fourth embodiments, a substrate transfer unit
11 picks up a semiconductor wafer 2 for setting the
25 angle of diffracted light from a stocker (not shown),
and places the semiconductor wafer 2 on a stage 1.

Next, a host computer 5 sets on this semiconductor



\' 1 7 ppR 2003 69 an illumnation angle controller 10, a substrate transfer
unit 11, and an imge sensing angle controller 12. The illumnating unit 3
is connected to the optical systemcontroller 9 and the i]]um nation angle
5 controller 10. The stage 1 and the inage sensing unit 4 GraPRedihected to
t he stage novenent rotation controller 8 via a stage noving unit 13. The

i mage sensing unit 4 is connected to the igeage sensing angle controller 12.
The host conputer 5 has an i nage 10 anal yzer 501, a determ nation unit 502,
and a storage unit 503. The inmage display unit 6 is a liquid crystal

di splay or a CRT _displLay. The. i.npu nit 7 i,5,a _keyboard or..a_nmouse. The
host conputer 5w838§u%eé QOEéFﬁgg ngE nFPoFiigmﬁﬂégépﬁbHQlFoP | oadi ng each
one-line i mge S§i l, _fr . i e, Is it .4,.and processing the

i mge signal toi#gggéggeggkégﬁslgﬁgtﬁéﬁggﬁggggggcgggh%éfer 2. The i nmage
anal yzer 501 | oads a f NSLLUct s .eac | i I i t f4 om
t he i nmage sensing uni&g }f?ﬁ%o% a&%w&g’ﬂ%&ﬁ‘%@ﬁ?&ﬁ eln% %%Z{tfg)gsl%ﬁ]éor
reconstructed igage dakaihe1exhitach delaet drsual a3 1hkliMaltlingkiess 3

vari ations, dust, and flaws on the sem'conductor wafer 2, and causes the

i mage display u@ithbrkepdicspkay thef euFEkicen oFUeheasehieohypes o rn WilFks,
positions, and 25 areas of these defects. On the basis of input conditions
fromthe input @nitb 3dn tihétdafdymiseat aowleniats 502 caltedliahestant 1 7 ApR
2003 70 optimum angle (optimuminterference angle) 8 (= the incident angle
6 of the illum pasingohi.ghfromhéhisageatenswhdlanghe 8nofl inkéiomage sensing
unit (the imge sensing angle of the interference light)) for sensing 5 an
i nterference obseovat odntheade loypiBatingsiupit @nissichapges: in( t@2nr d) / -~,
) ) ) B2 =sin-1 (n-sin (cos-1 ( (n~d) / ~, ) ) a - ai+(al-a2)/2 As
shown in FIG 18n gmaget genisadgdent tadgirecef vese the dilfdmasdeicngd lgbdht
emtted fromthe illumnating unit 3, 8 is the inmage sensing angle of the

i mage seh€ing ufAFem™4thgnguriace PﬁetbﬁséFWéFpﬁﬁuﬁéQél@ﬁ&@ﬁ &t e”Reh mage

i it 4 N i . Furth , h in.F 20,
SEnnOUn t RELEETR IR RN B SHETRRSS Avalond 1ELS 2O,
i d 2. 1 d b hi d f i
oo conduct o VaEL 2urlled, 1 hel ok, L gOGERgaRT 1 LRSS

sends the calcukgtgﬁeogggqugb' gferwence angle 8 to the imge sensing 20
angle controller 12 and the 1lTum nation angle controller 10. The inmage

sensing angl e cont rolher pL2 T QLGRS 1 e QAIITNRIN el GRRNGRARGIgS from
the determ nation unit 502, and controls the novenent of the ’ mage 25
sensing ypit 4 sychnhkhatiniRGncERYR1$RRSI0FI tARIWE ffracted light
received by the image sensing unit 4 at each
inclination angle of the illuminating unit 3, and
outputs to an image analyzer 501 these average
luminance values as luminance values corresponding to
20 the individual inclination angles. The image analyzer
501 performs image processing to generate a graph 20c,
as shown in FIG. 8, which indicates the relationship
between the luminance value and the angle. The image
analyzer 501 supplies information based on this graph
25 to a determination unit 502.

Assuming that the Oth-order light of the

diffracted light exceeding the maximum luminance value



beconmes the optinuminterference angle 8. The substrate transfer unit 11
controls a transfer section ~r APR 2003 71 (not shown) in order to pick
up sem conductor wafers 2 one by one froma storage stocker (cassette, not
shown), place the sem conductor wafer 2 on the stage 1, ang,after defect

i nspection, return the sem conductor 5 wafer 2 on the stage 1AKR, 2008 e
stocker. The stage novenent rotation contrgler 8 drives the stage noving
unit 13 for noving the stage 1 in, e.g., the X direction, in synchronism
with image sensing by the imge sensing unit 4, thereby 10 controlling the

novenent, rotatjon, and itianing of the stage 1. hayi t he sem conduct or
waf er 2 pl aced %ﬁl??9e#ﬂ£§§ﬁ%i€%§aﬂn?%?e??%?%%%eu%bge¥vg€?%n€?%age, t he
optical systemgcontroller 9 c roks €e; 4 j f i pt erf geence
PFiter 41 (not SRobH = er (HETTs oot “obe S IRFLAs g i 78 B8 0ni e s
The illum natio n r r i t i Lot e reace
angle 8 fron1th€h%é%%$%§ﬁa %g%éﬁh?%Pgoggfa%gé%oﬁg%gpghgﬁg}%%%e%gﬁtggf t he

| I'lum nating unite 3 %yghaéh@ﬁo&ﬁeiﬁnﬁfg?nﬁ.anﬁ$§tOIsFh?eféfﬁﬂﬁ@aiéng l'i ght
with respect 20 to ? e surface of the sem conductor wafer 2 becCones the

opti num idqiterf epppceg anghe QetdPRiNREISH ORiof stherdeéret tHet BGhingnce
appar atus configured as above will be described bel ow. Wen an inspector

desi gnates the ginié WhilS nospegttontheomghe inpEIGUn8tord, théeghash
conputer 5 displays, on the inmage display unit 6, a screen for requesting
the input of therémhi thkaessstthond dhethelOThAppd@ODBigRtresracresk. i ndex n
(refer to FIG 20) of the resist film2b fornmed on the sem conductor wafer
2 to be inspect®ie determsbnabihce wnih bBRsdeteemhneshthphspepesitEonnput s
the thickness d and the refractive index n of the single-layer resist film
2b fromthe i np28, usherd. thaeldvivantaavidheukfaches Bhet ReXRhoBe2Konputer 5
cal cul ates the equation (3) by letting 8 be the incident angle, of the

i |l umi nat® ng |iggteén@nﬁedf@ighﬂgofrﬁ@ EheuRtRaPrAgruniehs, PeShELPRe i mage

[ I f the i ' it.4, ~, t ' I th
ahon he | nage. +8reiAGRRRTELanpBRT bhAs SARGGEOEERE| AGSRA B ERE 1 i cknees of
th ist filmz2 f ti index.of th st fl 2b. 15
[nthis manner | 3t REFABLERM AAL on G £ 5020800 REHSR: HBIERt FREmEARG S

ti interf 8 [ L : .ab ti
mhge and sendSrERE BTl FBr Fo ShEE ot & BTl o LR ™| Aot RhAS: Hg

angl e control legod2 apichhe LhLuphaathon 8rokae20egRtbebiber 11gnt Tban! mge

sensing angl e contr r 12 recefves the optinuminterference angle B from

the detefginati gisunpt a@ZerARHB0BYr phraviBasTyvasRAynat ihe pbragensensi ng
unit 4 such that the inmage sensing angle 25 becones the optinmum

interference anghgaBenft tbheegatte bnaeaftthe ithkupireadtictrdapglsetdontrol | er
10 receives the optimuminterference angle 8 fromthe determ nation ~ 7
APR 2003 of the first-order light as a rotating range, and
detecting the peak of the graph obtained within this
range. Alternatively, it is possible to designate
20 a range within which the first-order light is reliably
obtained while the inclination angle of the illuminat-
ing unit 3 is changed from the predicted position of
the Oth-order light, and detect the peak of the
first-order light within this range.
25 This determination result obtained by the

determination unit 502 is supplied to the illumination

angle controller 10. In accordance with the



73 unit 502, and controls the novenent of the illumnating unit 3 such that
the incident angle of the illumnating light with respect to wafer 2
becones the o 5 When the illumnating 4 are thus se ag Rt $083 def ect

i nspection for started. the surface of the seni condu tor ~ti mum
interference angle 8. unit 3 and the inmage sensing unit optinmum
“interference angle B, the seniconductor wafer 2 is First, the inspector
designates the start of 10 defect iA&8pection fromthe |nput unit 7. The
substrate transfer unit 11 picks up a seniconductor_ wafefe 2o¥¥®m the
stocker (not shown), and transfers and plag oﬁhen§ %1%onductor waf er 2
onto the stage 1. The illum nati.pg ghlpmat ntts |Ilun1Q thlgy ngnkight havi ng
15 the observatlon ﬁaﬁﬁ?ﬁ t hr ough é 3hce filter 41. As
shown in Fdéﬁeﬂ@na{thl s illumnatingndigl™is ref | ected bynd reesur f ace of

t he resi st f|In12b dlﬁtben?Eaches the . s graaéeé t hrough the resist
film?2b ang0|seF§fFected by g g@mﬂ&@é ? this 20 S%R tBaBeofa An

i nterference observ% et itPa i s generated _='k3;3¢3\.'t211l‘%1@sé1 reflected |ight
conmponent s and % i dent on the |§@mm£% ing unit 4. Fromthis state, the
st age novenent roge}b@nan@ hEr ?Ier 8 noves the stage 1 in the % direction
at a 25 consnght™Ve ocity. lngsynchronismwth th| QH&QﬂE qhthe i mage
sensing unit 4 ftdmmyqeﬁterference ogsemyatﬁ i mage |ine line in a
directdon & "APR 2003 74 -ﬁ giped FPoY perpend| @ru$rn§t&9 vi ng
direction of the haghli gc |nterfereﬁgedeb§§F t|on i mag ensed by the
i mage senS|ng un|t 4 1is tr%% fqﬁ@e@ £8%t he |naggﬁfn Iyqeme5é of t he host
conmputer 5, éidﬂﬁiﬁ?ﬁlre surface ‘conduct or B@ 2 is
conpl etely s ned When _in grgedenE% ?nages frog&%hgeemtiQQPS face of the
sem conduct or f ga@haﬁg %onpletely seaaedaaﬁﬁe hat, the i nmgeeanal yzer
50l anal yzes FHese 10 ima %%15Th@hﬂﬁﬁge anal yzer QQllhoad h§ﬁgereconstructs
each one-1i nehl, 02| gﬁ%ﬂ out put frogli\;éteandmtgbe sensi ng u%)c%

anal yzes the r onstructedllﬁﬁgen@%Fé 0 extractegefemsa |Im

thi ckness varigkiasen BB&t, and flawg ge phefst Wtconductor {ﬁlwaﬁebyz. The
i mage an8l yzer 501 then ol %@ﬂt&ﬂﬂa such as(%gi fHer s, posi.tions,
and areas of t i HlemeEts s, and dlsg deﬁtﬂ% a on the [ xd;sﬁpéy unit
6. The seni conductor wafger gnéhEk*Tonpletely 20f|ﬂ§9en¥EWnts returned to
the stocker by pbeistBStrate cating rand® £ is

Yo . -
gnatingd £ne tne £irst

i ch
nge within Wb the
ra in thi

order 1igh
desi poslthn of

s casel

20 n in FXGS'



transfer unit 11. Subsequently, the substrate transfer unit 11 transfers an
uni nspected sem conductor wafer 2 fromthe stocker and places it on the
stage 1. In this 18th enbodi nent, on the basis of the 25 thi cknpegs dogand
the refractive index n of the resist film2b fornmed on the sem conduct or
wafer 2, the optimuminterference angle 8 for sensing interference ~ 7
APR 2003 75 observation inages is calculatﬁﬁ, and the illumnating unit 3
and the image sensing unit 4 are so controlled that the irradiation angle
and the image sensing angle becone the optinmuminterference angle B. That
s, the 5 obseryapign uaveleng! i gan,e ponti nuausky ehanggdshy yarying the
€ an e rmg angle

irradiati on ang e sensing gl'e, wt hout sel'éCting the

observation wavel2pq! BnBb8nlXeS! B BuniRLakeN9aLIGee BhkaYL ¥ilks

bandpass filterS™as in conventi oh appar at uses. erefore, ven when

the interferenCﬁﬁganghh&geﬁdaéﬂegewgwhggzt@o%hgag%anbnth@eahaheke%ss d o

the refractive | ex n of the resist film2b of the sem conductor wafer

or the observat jorrpawebanatbht, rebnt Be sitblu@rnahiohd shioghl, kbakeplacerce
observation i mages can be sensed under 15 nost preferred conditions.

CQutlines of thetaenkeglitahdoatolr &afiefageonensishggeyit.enNeatt,i bl taisnat i ng
system and a control system of a defect detecting apparatus according to
the 19t h enbodi oenpuakrt Be spitesent thiveisemicoadecsioni Warfetro22@ t hose shown
in FIGS. 18 and 19, respectively. In this 19th enbodi nent, the function of
a det er ni nati onposiitis502wbfich hostlldompoesing unidi £f drendittes widh of the
above 18th enbodi ment. This 19th enbodi nent inspects defects on a 25

sem conduct or wafiee 2lluminiesAnguliighdyered thin filns different in
refractive index are formed on a substrate 2a. Accordingly, unlike the 18th
enbodi nent descri bed In £ sapfiaiso3 are lddewe natieoyengld mantdeidmt Bb2 of

the host conmputer 5 has the_follqow ng fuynction .
10 i sets the inclinat%on %ng&e of the illuminating unit 3

with respect to the surface of the semiconductor wafer
2 to an initially set angle as the rotation start
position. From this state, while the inclination
angle of the illuminating unit 3 is changed in turn,

15 an image sensing unit 4 receives the diffracted light
from the surface of the semiconductor wafer 2 at each
inclination angle. The data of the diffracted light
thus received by the image sensing unit 4 is supplied
to the host computer 5.

20 The host computer 5 calculates the average value
of the luminance values of the diffracted light at each
inclination angle of the illuminating unit 3, and
outputs to an image analyzer 501 these average
luminance values as luminance values corresponding to

25 the individual inclination angles. The image analyzer
501 performs image processing to generate a graph 20,

as shown in FIG. 9A, which indicates the relationship



On the basis of input conditions froman input unit 7, the determ nation
unit 502 calculates an 5 optinumangle (optimuminterference angle) B (=
the incident angle 8 of illumnating |ight, the inmage sensing7ang§quﬁ of an
i mge sensing unit 4) for sensing an interference observation imge, from
the relationship (reflection graph), as shown in FIG 21, 10 between
refl ectance and a thickness d of the thin filnl As shown in FIG 18, Bis
the incident angle of the illum nating Iigﬁ emtted froman illumnating
unit 3, 8 is the inage sensing angle of the imge sensing unit 4, and 2, is
t he observation vel engt h en the imge 15 sensing unit 4 perfornms inmge
sensi ng. FurthePESWE?nmﬁbﬁ ﬁgpﬂpﬁa§8r¥8%Pﬁiﬁn?iFﬁﬁ,ng&?; tﬁ%@elﬁﬁﬂﬁs are
formed on the substrate %g of th?.sentc%nduc%or ferd2, Iﬁg.dl and.nl be
the thickness aRB2tK&SFePPactPPRIfgdex tPERBELPRy BRY %P FE1F FXEPP n
film d2 and n2,20_he_t I and.th efractive index, respec
tively, of the %§c8§datﬁ§%%?hﬁ§§%§§8 le§n§023 be the thickness and the
refractive index, re ctively . af .t he ir & sbohin i t ] ion

. ! y ] 0
unit 502 sends the c?@%urdgﬁgéﬁé&%t&ﬁﬁ |u%pgrger2eﬁc%€fgﬁgr%se%ert %eaé:ﬁ{ ?56% mage

sensing aggle cgpt £ql %ml%aﬁ%@ 3214l !f'fioﬂxaltti_rﬁ% %@%b‘ﬁ SNt I | ¢ 10. The

relationship (reflection graph) shown in PR 2003 77 FIG 21 between

reflectance andphBest BirCkRes8adaob rt e rkli Bofink® 'havangr ARA agaheul at ed when
both the incident angle B of the illum nating |ight and thé i mage sensing

angle B of the Longaaseesivaguesi k,4bar andSc Inthedibgeayv pleiakn awastloamgt h ~.
is 600 nm and the refractive index n of the thin filmis 1.5. In this
reflection graphn FiGanS8ppehensietpantinahianound tl GWRr dette rpdnteisothatof t he
curve, the change width of the reflectance due to a change in the film

thi ckness 10 i stbeakkenptselt boinfade thei peake idi ther énpé nagcenwialue be. |
the image saturates. Therefore, the determ nation unit 502 changes the
angle 6 &P the obs&hiat centwateberygthis higherséhant fheadgindéngnce
corresponding to a range including a mddle portion b of the curve, as 15
the optimum i nt ¥PLELENEe 2BAGICe OB. Thike thiPefdiCoROdM tishe dé&f ddl sdétedet i ng
appar at us configgreg gs ahove will DI gﬁ cri bed bel ow., Wyen an i nspector
desi gnates the 08 BeSETPRBAELLIONPRFoMOEhETRRSS thEi LRI TERE SN onput er

5 20 displays, op.an i di spl it.6, f ting th
Cnput of the t hFoRA8s BESLRSGAR tRE BBAPRC Ay EOHE OB TSt o pRy of
thin film f . i gond fer 2., be i ted. Lo
accor dance wi i hCLALSTAPodn! P PReRBolor 28 Frits Phe SN EERCEr i8R t he

:‘)fef ractiyg indeyngk 83ehdelticRnfine® HHAM,t ke khRWe Yailks’ 294h6R the number
a peak whose luminance value exceeds the maximum
luminance value and is highest is the Oth-order light
of the diffracted light, and the position of a peak
whose luminance value does not exceed the maximum

20 luminance value and is second highest (29d) is the
first-order light of the diffracted light. That is,
a position on the graph where the luminance value
rises to reach a peak after falling from the highest
peak is the first-order light of the diffracted light.
25 An angle corresponding to the position of the first-
order light of the diffracted light on the graph is

the angle of diffraction. If the graph has noise,



thin films is three, for exanple, the inspector inputs ~ 7 APR 2003 78
the thickness dl1 and the refractive index nl of the first thin film the
t hi ckness d2 and the refractive index n2 of the second thin filLm and the
thi ckness d3 and the refractive index n3 of the third thin filh ABR 2803
determnation unit 502 of the host conputer 5 cal culates the optinum
interference angle 8 for sensing interfere?ge observation i mages. That is,
the determ nation unit 502 changes the ang 8 or the observation

wavel ength ~, and obtains the angle 8 10 corresponding to the range

i ncluding the nlddlgpﬁortlon of, the curve.as . the optinmuminterference

angl e 8, fromtRBOP BgtPEHC§F§ﬁﬁgoPeF e OPdY| BEt REEEOZDCE f unction of the

thin filmthickness as. shown _i.n _El.G 21 e QR unit 502 sends
this optimm 15 inte&#&ﬁeﬁ@ < ﬁ&n€t§°Po 5 EQH§%§15555|%BJ ﬁl e controller

12 and the il ”H‘e@%ﬁ:h@ﬂa@@%eu%%t 5@l &1 Js% IE%d’ Ie %e'lﬁ_'lﬂgﬁ%%'l%n

controller 12 réceirves thé opti nun1|nterfer Rce angle

det ermi nat i on Uahlbl}léogon%'%gl(i%'}t 19l.S_uhe JERYeRACeO ke tharge 20 sensi ng

unit 4 such that e i mage sensing angl e becones the optinmuminterference

angl e 8. At thed%@@‘%mtma‘%,lohh%elsuytm Rall QN 1aRGNE tGORAL Lelgher c%(?ltrr%qq'e\fes
the optimuminterference angle 6 fromthe determ nation unit 502, and

control s the noveneet softhihenidllivEitiah Aggde W thd auqlmzrmlmttlh@e uniei dent

angle of the illumnating light with respect to the surface of the
sem conduct or waf eith krecpres the tbpt isemhcondaciteremadean@l.e Bhe set7 APR
2D03 79 When the illumnnating unit 3 and the inage sensing unit 4 are thus

set at the optimmlinkéiber angd cangl et®redefiact istopegt amifto503 of

sem conductor wafers 2 is started. 5 First, the inspector designates the
start of defect thespesti eompud@rt e i nput unit 7. A substrate transfer unit
11 picks up a sem conductor wafer 2 as an object to be inspected froma
stocker LAot shown), Iandhimsamsitdts e dimands tqi”elysé?lﬁaé‘c?ncﬁkﬁor waf er 2
onto 10 a stage 1. The |Ilun1nat|n% unit 3 emts illymnatin ht h V|ng
the observati onCR&FE1&k§ch o, tithg .thﬂﬁemgﬁa&gq Pghemageréw| F

f f th I it th d.al t h b t
v ongh these | APHFATIESARS & 518 1HeReE o ARG oI5 St AAER T ”1

substrate. An |r%%r re%?leél%bse \ﬁ%trl(?en rra%q,elns hgl%@ler%te%wo% e

reflected |ight "Conponen and inci i mage sensing un|t 4. From
this state, a stqggltrr%\fe%%t (}tﬁt c(yécpqqtgrhcyl %t@gv% ?}h h%tage 1in the
X direction at a const ant veI00|t I'n~sync ron|sn1mnt |s novement ,

the imaggssensi s%'ﬂon%sfe%%e%ﬁgh% 'orft arferenge -aBseE vatbenctrags | ine by
line in a direction (Y direction) perpendicular to"the noving direction of

the stage 1. Ea(é'ﬁgllfét erfher A takseromtdnen firage oserged ight2% f hthd Mage
sensing unit 4 is transferred to an i mage anal yzer 501 of the host conputer
5, until the endif€fracted light can be reliably detected.
In each of the above embodiments, the detection
of the first-order light of the diffracted light is
20 consistently described. However, the inclination
angle of the illuminating unit 3 with respect to the
semiconductor wafer 2 can also be set by detecting the
nth-order light (n is a natural number: n =1, 2, ‘)
such as the second-order light or the third-order
25 light of the diffracted light. Also, although defect

detection for the semiconductor wafer 2 is described in °

each of the above embodiments, the present invention is



surface of the sem conductor wafer 2 is conpletely ~ 7 APR 2003 80
scanned. When interference observation inages fromthe entire surface of
the sem conductor wafer 2 are conpletely sensed after that, WhﬁPBWE@F

anal yzer 501 5 anal yzes these inmages. The inmage anal yzer 501 | oads and
reconstructs each one-line image signal output fromthe inmage sensing unit
4, and anal yzes the reconstructed i nage da&g to extract defects such as
filmthickness variations, dust, and flaws“on the 10 sem conductor wafer 2.
The i mage anal yzer 501 then obtains data such as the types, nunbers,

positions, and areas of _the defectg, and displays the data on the inmge
di splay unit 8.°2%R8 §Bﬁ#&5ﬁ§§@t P fa éﬂuédtﬁﬁgsééﬁpﬂéﬁéﬁySP§5F5§§€bted is

t d to the stocker by the substrate.t f it.11.  Sub tly,
the substrate tFRRSPFTBRFY 11 EP&RsPer $hn SRV s FREPEITERERcortict or waf er

2 f t he stock I it t 1. .Ln this, 19t h _enbodi t,
cven when the 208°HE BFFAPBnGB SN Al MRS LeRARIB=5H g oP3 CoRarGes ST he
thickness or thensebr a8kl YhabR0eXndli iEAER 01 43:01 yiablly ghu L0 Fickite
formed on the sémiconduct or waf er or changes’in fhe Observation

wavel ength ~, of pbhenbkhull BaLh BRIl Rk, 1haLer Eehenes Rser %ﬁtaa%n.ail%ges 25

can be sensed under nost preferred conditions. The above explanation is
based on the debeckie®nwahilehanges 1iiumtihe tipgenrmst 3t hisn ik, However,

i mges can be 1 7 APR 2003 81 sensed under favored conditions in each

| ayer. Additionally, rdefaecionsgejiemnaiegd thidl prigzedt dnlicntdion laayrdiay be
detected by conparing the defect detection results of the individual

| ayers. 5 FIG 22 itheafirew sbowimghaembotlimeatsf chhe acdphaglicatlilgn seft an

i mge sensing systemand an illum nating systemof a defect detecting
appar at us accor dbngptémuhe i2eflhnetbodi magtl eob ft bepriédant niamiagt vodt FI G

23 is a view showing an outline of 10 the configuration of a control system
of the défect dehestisegsapgarat igagenok| Ghe 22fimacksd thighdamaendefcanence

nunerals as in FIGS. 18 and 19 denote the sane parts.
process various objects to be inspected. Also, the

present invention sets the inclination angle of the
illuminating unit by detecting the first-order light
of the diffracted light received from two or more

15 irradiation positions. Accordingly, the inclination
angle can be set with high accuracy. Furthermore, the
present invention can set an optimum inclination angle
of the illuminating unit for each designated region on
an object to be inspected.

20 FIG. 10 is a view showing an outline of the
configuration of an image sensing system and
illuminating system of a defect detecting apparatus
according to the seventh embodiment of the present
invention. Referring to FIG. 10, a semiconductor wafer

25 2 as an object to be inspected is placed on a stage 1.
A linear illuminating unit 3 and an image sensing unit

4 such as a line sensor camera are arranged above the



Referring to FIG 23, a host conputer 5 has an 15 i mage anal yzer 501, a
determ nation unit 502, a storage unit 503, and an angl e changing unit 504.
The host conputer 5 has a function of automatically cal culating an opti nmum
interference angle 8 in accordance with a flow chart, shown %? FI G 24,

whi ch indicates the 20 procedure of setting the optimumintelfefBR@8¥ang e,
if a thickness d and a refractive index n ﬁ% aresist film2b formed on a
sem conductor wafer 2 are unknown. The ang changi ng unit 504 instructs a
substrate transfer unit 11 to transfer and place a sem conductor 25 wafer
for setting an interference angle onto a stage 1 as_.shown in FIG 22. The
angl e changi ng $h#¥e5b4 thed %%Eé%%l %Xiﬁaﬁé E%ﬁs%hbu%hﬁ?ElﬁgnPPbFlér 12
and ~ 7 APR 2003 82.an illum nation an& ontr rotat an
mage sensing Ghfil acahae%naF|?uﬂfﬁ§?Fﬁ5 b Bh6Pes Boitaetle T

it 504 out put ST ECEC SRR ué?ﬁa 58 " LensTip S ahbEunLBat 1B lﬁ?gﬁggg "
nove the imagE pepshng.udi {ng L rfgsedbfegséogsﬁ§cgﬂd&&£§§; L 2nd a

conmmand to the 1 um nati on ang e control 0 noveé m nat i ng

uni t 3 insthe difectiphegl a0 @RIAM ang10idhe. | TRgE 8g é‘iéféfra?% bgs a

function of |oading and reconstructing” eac mage signal out put

fromthe i mge egasiRgqenséndinyhenithe iglamsaaiheglﬂgata§ énﬁrgas | mage
sensing unit 4 thus sinultaneouSly nove through the same angle 8, and

anal yzi ng the lferRfRastangliedoidage ted auiordy ah tHe Jatatdronsdddy
(interference | um nance graph) between the angle 8 and the | um nance val ue
as shown in Fl Gva2ér Mot eThhatimbhea séesihfuonibat 4ngensets Biamedbyyhe@inenge
sensing unit 4 simultaneously nove through the sanme angle B, the 20 inage
anal yzer 501 camnalsagé¢oafl eaeh dhffrantednhgehti fnah dhepsurfaoe ohe i mage
sensing unit 4, and obtain the interference | um nance graph fromthe
average ¥ the thegeediacandfchopredéesr At nedisbnbergeherahed. b¥he
above-nenti oned object for setting the 25 interference angle is

seni conduct or wh} bemppakien gay dtheysi hpmgnasingupsitade i Oéefébﬁtcghﬁon

|l ot, or is prepared for the purpose of setting the ~ 7 APR 2003 83

i nterference an@PEl%%$o?éh%nﬂf Qﬁch%ﬁpFEeo%m?ﬁ% 6%P§éPg|Enétsén?EQnductor
wafer 2 in whic or a alit h are.forped _on
sbstrate 2a CHPEnGLLHBLBEFLSY FREbedttonter=eheriah ERRaLeEor S tRaRer 5,
e nge anal vzgh180to! ORES. APt ecRRsLNCl eneagaanEoL! e cbimae shonal

out put fromthei ge sensi ng uni ana Z€es e recons I mage

data to £xtract 965895§Fé&cgi@ﬁbﬂi%”bk@ag%gfﬁ§ gérkggg§n dust, and fl aws

on the sem conductor”wa e | mage ana yzer t hen obtalns dat a

such as the types, ngmhers$; peshty98%. sabdiapeas ohtihageodetgets, and
di spl ays the data on an inage display unit 6. On the basis of the

interference | ugbnangergtaph obtai pedtbylt bgstaRgerannkyaBbveOdefrtbe
determnation 15 unit 502 cal culates the optimuminterference angle B (=
the incident angéee8tdfigtappathunsnat Rafekkghty, tohBIGayE, senpengoandyl e 8
of the imge sensing unit 4) for sensing an interference observation imge.
The det erm nati oompnter582 sendsnhhetedl tal ahedimpgenaangdngntieifedence

angle B to the inmage sensing angle controller 12 and the illum nation angle
control |49 10. a stage movement rotation controller 8, an optical

system controller 9, an illumination angle controller
10, a substrate transfer unit 11, and an image sensing
angle controller 12. The illuminating unit 3 is
connected to the optical system controller 9 and the
25 illumination angle controller 10. The stage 1 is
connected to the stage movement rotation controller 8.

The image sensing unit 4 is connected to the stage



In the relationship between the angle 9 and the | um nance val ue shown in
FIG 25, in an uppernost portion a or a |l owernost portion g of the curve,
25 the change width of the reflectance due to a change of the resist film
2b is small, so the image |um nance difference is small, i.e47 hﬂgmwgage
sat ur at es. 1 7 APR 2003 84 That is, reflected |ight conmponent's enhance
each other (white) in the uppernost portiop.a of the curve and weaken each
ot her (black) in the | owernost portion g. +ﬁerefore, the determ nation unit
502 sets the angle 6 5 corresponding to a range including a mddle portion
f of the curve, e.qg., range ,A, as the_optinum.interference angl.e B. The
operation of 't hECHEMEEE TBLECLPRyCRPAPLES GoRTCiTEd 1He 380 SFERHT be
descri bed bel ow, 13}FIG. 24.1.S a, | ow chart showi ng the procedure of
setting the opt PRIMSI TPBFFEFEREe 4ngl e in the above defect detecting
apparatus. First, and.ns esl t fLin f j_pum
interference angle fF%%l%%&%%gﬁﬁ Eﬁgﬁﬂggﬁ]ﬁnﬁf%% éf19“@ﬁ§ %%gﬁgégﬂgonputer
5 outputs a comagRd TaolgtetE%r?tHH%ttri@heuhri%n%foér, WNisk o1k g0 WRLACE 03,

sem conductor wafer 2 for setting the interference angle on the stage 1. In
response 0 thi gnceppeRdinblie sHbet Balke bhansf aisvnialy LhiRi Gles .up the

sem conduct or wafer 2 froma stocker (not shown), 20 and transfers and
places it onto theastiageoh, Bubsepeuedhlay, carpliaee TOWSRERenedizdt i on
controller 8 positions the stage 1 on which the sem conductor wafer 2 is
pl aced. Next, i ffuaktepoBad2sukcheasngl €rohamgimog yynhtara0dichk,2ketvibearast
conputer 5 outputs a conmand to the i mage sensing angle controller 12 and
the illum nati oandngbeseorinookl ef tetmo ispwdowne .i nage sensing unit 4 and
t he 1 7 APR 20D3 85 illumnating unit 3 in synchronismw th each other at
the same angle. As sifdwnperspn@l Zzmputeref3dr dast ke funamtioratdfihg unit 3
noves in turn in the direction of the arrow a to change the incident angle
8 of thelB ill| uRKREUItA§Y VEHELOUAL CORE I9AMEPETHE 1 Ofife NEFEFS a@hdiongni t 4
nmoves in turn in the direction of the arrow /3 tqQ_change the imnmage sensing
angle 8 at the $BRSCangcd1asting PREiIGENC fakgre 1B 1M INRE INY Wiittati ng
light. In this ti the stage 1 i.,s at rest,. i.l e 10 the incident, angle 8
of the iIIunina??ﬁgtpﬁgﬁpagﬁdSﬁﬁélpﬁhﬁgl eﬁ$i¥g1§ﬁgﬁée8 £i5& §Pﬁ3@@aﬁ§busly

changi ng, the i .sensin it S interfer obser vat, i mages.
The i mage sensi%%gg%ﬁg }htggﬁg ePg ? %s?iFE?g%Fggeﬁggﬁgbseﬁ®§tﬁgﬁgfnages to

the image analyéﬁ%lyzer 501 generates a graph 20c, as shown in FIG. 13

15 (to be described later), which indicates the relation-
ship between the luminance value and the angle.
Also, the image analyzer 501 analyzes an image sensed
by the image sensing unit 4, extracts defects such as
film thickness variations, dust, and flaws on the

20 semiconductor wafer 2, and causes the display unit 505
to display information such as the types, numbers,
positions, and areas of these defects. On the basis
of the graph generated by the image analyzer 501 and
indicating the relationship between the luminance value

25 and the angle, the determination unit 502 determines
the position of the nth-order light, which is best

suited to observation, of the diffracted light sensed



15 501 of the host conputer 5, until the incident angle 8 of the

iI'lum nating light and the i nage sensing angle 8 are conpletely changed. In
step S23, the imge anal yzer 501 Loads and reconstructs each one-line inage
signal output from 20 the inage sensing unit 4, when the ihhﬁghﬁqghpg uni t
3 and the image sensing unit 4 simultaneously nove at the sane angl'e 8, and
anal yzes the reconstructed i mage data. Thed mage anal yzer 501 then obtains
an interference |um nance graph, as shown in FIG 25, 25 indicating the

rel ati onship between the | um nance value and the angle 8 to the

sem conduct or i [ lfilayered thin filnms are forned.
~ ~ A-~ gODS B\éﬁ} %%%e%g%%gl,g%ﬁgﬁ%qﬁ%g?sa ;)f %/he i nt galrferiance !un‘i nance
graph obtained by theyj ”@9§%§]‘3&|ﬂéﬁ¥éﬁén§0£ot&lé?oﬂ_eéé{l{?wf‘iéP“eUﬂbgaﬁoghe

obtains the angle 8 corresp g to the range including the m e portion

fof the 5 curvershownh iy & te, s@nbeondBer s ANGEE éy @s%w@e@%ﬁnym
interference angle 6. The determ nation unit 502 sends the optinum

interference angh eorfe t@i tdet i FMULE SENS1 Heh AHGhELESNL s Dh G i d anslgéhe
illumnation angle controller 10. In step S25, the determ nation %0 uni t
502 stores the opidimumnbyt€ié elvige eagsend umit he, siwd agesonténbPSls The

i mage sensing angle controller 12 receives the optimuminterference angle 8
fromthe deterntotedtoon md BHOL]taowicend f otlset heagevenenTo odctrhereé nage 15
sensing unit 4 such that the i mge sensing angle beconmes the optinmum
interference amgphelBterferdrcaaimage nethe hepticahi susten apgteotbarrol | er
10 receives the optinuminterference angle 8 fromthe determ nation unit
502, and contr of sCemer oy erpnt inferhEon | phindhatihgrPeremse Bikbeh that the
incident angle of the illumnating light wth respect to the surface of the
sem conduct or vif #NS B ohkEht neMWRT ntin Fhg et F EvaHRREARgI enBt $hen the
illTumnating unit 3. and the | mge sensing unjit 9 e thus set_at the
optinun1'¢terfe %%c%fgﬁﬁﬁ%@%%O%Sa?% es%%@??%}iefrg s?%?tﬁﬂf? %€ eturns the
sem conduct or mafei.Z to the s ockgr and efecttinspect%og f0£ t he

seni conduct or BR3P eT. OF P9 APRIBUNRE B RAIPLE, St %R nspect or

desi h f [ | | ' he,
cubstrate transieiotert =41 B cRePREEE L8N AERAT SR o ke Ly Tt

stocker (not showm),q twfgﬁffﬁét@@gtp$§§e§r%§et$?SﬁQIQQHQPC%?%%t gr 2

onto the stage 1. The itllumnat 1ng unit 3 em I1um nating avi ng
the observationsyaveteagifage . sés sHWIng e FEGht 2011471 521 bbirtoasi fgel i ght
is reflected by the surface of the resist film2b, and al so reaches the
substrates 2a 10iddr Drughidheangbé séffthen 2hagadsessiegl esiedibyithe surface
of the substrate 2a. An interference observation imge is generated by

t hese refl ect edrésgdtt componenssradei ofi teat senitbrduobge sefisrng, unnt 4.
Fromthis state, the stage novenent rotation 15 controller 8 noves the
stage 1 in the Xdorézn¢eowathaigohstanionel dromythenpsyachabncsmpubeh this
movenment, the inmage sensing unit 4 senses the interference observation
image line by |P%e iBhe Spetrabe (yausfettbhYy bérPealfcuPafemdCPRE noVi ng
direction of the 20 stage 1. Each interference observation i nage sensed by
the i mage sensi F4CHRAT tWALEES 14 aPREPY BBl FAR fnBbRT2AAI §EeFKSD1 of the

host t 5 tiJ] th ti f f th ' duct f 2
Compl oL@l canhBHeS S5 InaR Tt P YE] ol BOSEPOatBne PRAGRSIRFEREL he ont o

surface of the SeELEOJug! ofoVELehe %1 2" CafeUD! SLELY: SEASE-RLLR! Lhat the

substrate transfer unit 11 returns the semiconductor
wafer 2 on the stage 1 to the stocker.
The operation of the defect detecting apparatus
25 configured as above will be described below.
FIG. 12 is a flow chart showing the procedure

of setting the inclination angles of the illuminating



~ 7 APR 2003 88 anal yzes these inmages. That is, the inmage anal yzer 501

| oads and reconstructs each one-line inmage signal output fromthe i mge
sensing unit 4, and anal yzes the reconstructed i mage data &§7extr%§6
defects such as 5 filmthickness variations, dust, and flawd {oAPR&03

sem conductor wafer 2 on which one or a plurality of thin filnms are forned.
The i mage anal yzer 501 then obtains data sy¢h as the types, nunbers,
positions, and areas of these defects, and displays the data on 10 the

i mage display unit 8. The sem conductor wafer 2 thus conpletely inspected

is returned to the stocker by the substrate transf unit 11, Subsequently,
the substrate t?%ﬁgfé?&uﬁ?? ¥%a??aﬁ§?§$g aHnbEiﬁ%pgé?eabggﬁ188ﬁaﬁ§tor waf er
2 15 fromthe s . and he Lcon r. . age 1
n this 20th eniaar aees TRPREECRR o EERER SHEbELLMELERa gL 80 MIEELTRC 7
the resist film2behor (peufinkBengeheendushar (e ehadeatenikpoun«
interference 20 observation 1 mageS are sensed by sinmultaneously changi ng
the incident ang|ey8ieh Lhe bébkenknatbagrbi gbhsangd hheihpgggecgenatnyg angl e
8. An interference |um nance graph is obtained by anal yzi ng the i nage data

of these snterfgiencecobaer vght oarenBges, @nd Ebhew2Bhapti sHBWhNLArf erence
angle 8 is calculated fromthe interference | um nance graph. Therefore,

even when the thicknessigd ardctbedreheacthvénspdexon déstbratesjstrom~ 7
APR 2003 89 film2b formed on the sem conductor wafer 2 are unknown, the
optimum i nterfeaenepuasgteeB i(sohusboat) cahl yheapeubahed. cémpotdngly, even
when the interference conditions change ow ng to changes in the 5 thickness
d or the refractheestadexof setthagredisn fllwm2bhasionhangdai spAdivese
wafer 2 or the observation wavel ength ~, of the illum nating |ight,

i nterference ob88RFARYoANFHAGEST cAANBENTeAsEaCHNEEE I pREERE éB2E8Ndi ti ons.

10 As the_sem conductor fer 2 for setting the interference angle, a wafer
in whichl®ne or nult FLA§ reﬁg?hﬁHgﬁFF eaFgaPS REJUBA Tt B E&SgFrHPe 2a is

used. Hence, even when taﬁ enico9duc o% waf er, 2 as ﬁn obg ctﬁ%o 8e
inspected 5 a AaPERIORRURFERT OHBCES Br IR CFFLyBReHRENAROLEI AE SRS f or med,
th ti i nt le. 8 £ I I ted,, | h
of the 180h to SbEREENEe: nercs Geoh: PBeaekBeRer Thot FEPERLE' SBder vat: on

| tages are Se“S€PaR¥fQP¥hggg}gfaééégﬁgé 9@m%@bﬁﬂu&@8r5%3k89nﬁugh L wafer 2

20 is placed. However, rence observation 1nmages can als e sensed

by moving the ithunipaheng, uniphe3s8ndet REVERBAE $68BaLDEnUBLEL #0188t Ber,
while the stage 1 is at rest. Al so, an object to be inspected is not

restricted to apsefteondueher svater 1 bar wexanpkRe gémiBehaseepircwdetects
such as filmthickness variations, contam nation, pattern step differences,

and flaws on the sarpaseedaf a liquid crystal glass substrate can be 17
APR 203 90
In step S11, the personal computer 50 sets on the
semiconductor wafer 2 a position which the illuminating
unit 3 irradiates with linear illuminating light.

20 In step S12, the image sensing angle controller 12 sets
the inclination angle of the image sensing unit 4 for
sensing an image of the diffracted light. In step S13,
the illumination angle controller 10 sets the
inclination angle of the illuminating unit 3 with

25 respect to the surface of the semiconductor wafer 2

to an initially set angle (rotation start position).

In step S14, while the inclination angle of the



detected as well. Furthernore, the i11' can irradiate an object to be

i nspected sem conductor wafer 2 with illum nating even illum nance at once,
and the image 5 can sense an imge of the object at one an interference
observation image. ami nating unit 3 such as a |ight having7s@pgijg unit 4
time to acquire In the 21st enbodi ment, an appropriate interference filter
41 is inserted into an image sensing optic path in order to sense

i nterference observation 10 i nages corresponding to filmthickness

vari ations of a sem conductor wafer 2. For exanple, if an interference

b ti [ is.infl d. b | h f , havi
Parge 11 mt hi CRRBUBLDAF 145 BRSE A RBSERADARH: AP BUFRSEFREL Shid optf ool

systemcontroll e to ipsert.the_interference filter.41 havin gﬁmﬁde
he

.15 i
rhverenoth bandiPhtaathe pREcEhGhe: rheoEhrE BeRshh it ndl EOERDY
ti | 1 1 : i A fi th
o e seraine o SRR APEEERCDLCIPURS b Dfc! BY T RLCREEn| thbobustobboBY N
i mages UnaffeCtEﬁeb¥e@5gg%%9%ﬁgge§§f¥9rbaBE0@§cﬁaTnE§iﬁ§@§8ﬁ-F@g?kqi|ar

effect can be obtaine e interference filter is instal in an

illumnatgng unrhe3dafasber age Hikkrabdeaf 1iBAtheRLsCRBRUE @eaD LYt @RES, 25
as design data, position information concerning those regions of the

seni conduct or WamhgfeZsenbiff anetohj eet suppligageosensi Agageogapher wth
information of the film 1 7 APR 2003 91 thickness and refractive index.
On the basis ofuhhe pogi bEobhenpersahadncompatbesboconputer 5 instructs the
optical systemcontroller 9 to control the interference filter 41 in
accordance with the dbsetept S4B, r éhiconmage Snphé serditc Sfducavendfsetth2, | n
the 22nd enbodinent, the illumnating light is automatically adjusted in
accordance withdifiérecaed dfightserceorddcbyr thaf amage Aenispngeuansl ¢zer 501
forms a graph indicating the frequency _ of a | um nance value 10 in a region
to be ing%ectedaﬁfeacéeh§6élpﬁﬁg@noﬁn9ﬁé eénftEgnddeBingdfiag anifop
exanpl e, when the maxi mym | um nance val ue (iggunated | um_nance val ue) of

this graph is 2$5F°tﬁEmHBEPCEOHﬁﬁPgrdBtéaus _ aﬁmaﬁﬁi6891§§§FeﬁpéontrolIer
000,20 st tne LULTLORL D) LORL1R 00,00 (it MELTSLARHRL! p3p, gachet
control s done.py adustLonytheohal seRal LATRLOL-Lhe Ll BLRALEG-AL! 3
or inserting an-appropriare ND fPltef Sinte an il Fam nating optical path.

Al so, the 20 grBEhtﬁéni?%uEQBHEQnQOEnQQ'X.foéyaﬂsgﬂhiEﬁe%%ghggrkﬁebe

i nspected as a conplete product, but also for~ a partial region to be

i nspect egs ConsegueRbhte YAGukk! UE 1Ak AGnkedhh 118 sadhbeskaponiagt ebdance
with the state of an object to be inspected, so better imge sensing

results 25 are ehtaingdvibinathenpnesemrtonnweglliegn anhehamabeeandeyekirbed
above, interference observation i mages can be sensed ~ 7 APR 2003 92
under favored cé6ndi peefisrmhémpyesenbcesséniy ap igeneattlel mhicedirapht he above
enbodi nents but can be practiced as it is properly nodified w thout
departing from £Re,gest sbbwhhén5FilGvedBi,omhich indicates the

relationship between the luminance value and the angle.

20 The image analyzer 501 then supplies information based

on this graph to the determination unit 502.

In step S16, on the basis of the above graph, the
determination unit 502 determines the position of the
nth-order light, which is best suited to observation,

25 of the diffracted light sensed by the image sensing

unit 4. This determination result obtained by the

determination unit 502 is supplied to the illumination



I ndustrial Applicability The present invention can provide a defect

detecting apparatus capable of setting to an optinum state the angle of at

| east one of an illum nating side 10 and an i mage sensing side with respect

to an object to be inspected, and capable of treating vari dub ApR g S. 1

7 APR 2003 - 93 CL Al MS 1. (anended) A defect detecting apparatus for

extracting a defect frominage data obtaigip by sensing an i mage of an

obj ect to be inspected, characterized by conprising: an illumnating unit

which irradiates said object with illum nation froma direction of

predeterm ned angl.e; an .inmge sensi nglrﬁunit whi ch senses an_inage of 10 said
r

obj ect from t héRH e GQMF DL &t bt erlft idfRamyt &7 Hh affet iR bt er whi ch
controls an incl,ination angle of at l|l.east one  of idillumnating unit and
said i mage sendiify AFHAEIIR Y i G U0 oS HI SRR Mo rE sai d 15
object while sai4, angl e .cantr.ol l.er changes the inclination angle of at

| east one of sgféogz’i Ir}lq"uemlrr}gﬁmﬁgnau%ﬁn aannogglseai‘%on?cr}:aogiglesrera]lsdl nsge i t&ahd obt ai ns
a relationship A -E%ﬁh;i inat.i on | %ﬂ&g t4 C i.nf or mat i on
correspondi ng té(;egslal ﬁ each i n%%ﬂnﬂ;tajiﬂoér} ig ancgf e, l(r)léé 1%31 ett{e}{;gm nation unit
uhi ch_deteer I Nosy Akl {EGHS AN NG Gond] tiabaul tef di, dhsefaatdanndn
accordance with the relati'onship between the inclination angle and optical
information obtaimed by sa didRas P aaessdt Bre el dh salgh angl e

controller sets the inclination angle of said illumnating unit or said
i mage sensing U tstyrddeibagies Sformdetetint i3 of rgsalldefsomasai d
computer 50.
If no image of the first-order light of the

10 diffracted light is sensed by the series of operations
described above, the flow returns to step S12 to change
the inclination angle of the image sensing unit 4, and
the diffracted light is received following the above
flow chart.

15 Next, defects of semiconductor wafers 2 are
inspected with the illuminating unit 3 and the image
sensing unit thus set at the optimum inclination angle
A. First, the inspector designates the start of defect
inspection from the menu screen (not shown) on the

20 personal computer 5. The substrate transfer unit 11
picks up a semiconductor wafer 2 as an object to be
inspected from the stocker (not shown), and transfers
and places the semiconductor wafer 2 onto the stage 1.
From this state, the stage movement rotation controller

25 8 moves the stage 1 in one direction (X direction) at
a constant velocity. 1In synchronism with this

movement, the image sensing unit 4 senses an image of



9 7 APR 2~3 94 determ nation unit such that the inclination angle matches
the i mage sensing condition. 2. tamended) A defect detecting apparatus
according to claim1, characterized in that said angle 5 controller
controls the inclination angle of at |east one of said il |lfuliAP&t 2003 unit
and said image sensing unit at an irradiation position set for each pattern
region different in pattern on said abjectzand sets the inclination angle
of said illumnating unit or said 10 i nage sensing unit such that the
inclination angle nmatches the inage sensing condition determ ned by said

det i nat i it f. h t.t eqi N / ded) A defect detecti
appar at Us. accordl g Ty Ao oL GHarbare s iy Tord Rl e Eohpr i sing a
di spl » . .y . Teai d obi b 2

Senci ng unit amf IR W AR ARE LA Eon MERAE ReSBR S
the i ¢ . . , ved , . . ! !

ingl : g??og aﬁéﬁ%%@%ﬁ%a‘# glne o?r%%?éd%ggfﬂ%%#%g un%fﬁé;n&d sai d

i mage sensing ufits itSarkdrEhald e aind hand dd a2ty A4 POGI ty 00 desi gnated by
said input nmeans. 4. (anended) A defect detecting apparatus according to

claim 3, xthar acirdde echpgut turatt Ve sét il 25hd gt i e aisr £8Se ORat e an
irradiation position of at | east one of raw and oal unm directions on chips
regul arly arraysshigorshictabjvecier ah ig rashpletodly scahmfiR 2003 _ 94 1
position identical to the irradiation direction is automatically set for an
nth chip in the rowWrerodiffractedtinages. f{amenoedenti def sct falet ecfi ng
apparatus 5 according to claiml1, characterized in that said angle

control |l er setsthi ffemicrnndatiiar i(vakey chsaoh cuiplobgkrtsensad atsegn
information, controls the inclination angle of_ at |east one of said

i |lum nating urfhatandhaiaPtirale sesisemcemiEohter i insertatimn 10
position set for each set patxenghéggipn, and sets the inclination angle of

sai d il ' nat ildhtepﬁﬂfci?r%“rcesaﬁld“? _ s’_eWsCi’ n@%n%’fa%%c??rfwgt%t%%l_ri nati on
anal e, i ches Lbe A% SSIS00 £90L00 Se1EL T N Dlp Bl detgrat nat o
detecting apparﬁﬂﬁnﬁ,&:é:@irrgiqgﬁ';@ :g_l a:]-ﬁslo, C é%fﬁ%ﬁfﬁ?ti@nt%ﬁa' d

illumnating un CONPTi’s i ne’ i I'T'umi‘nat’i on ‘optical "syste ich

i rradi ates Sm‘%6ﬁ%f%ﬁl¥!tfb'éé%%f%ﬂé'fﬁ%ﬁ?ﬁéﬁﬁbnfﬁﬁgf@jgkiPﬁ@e sensi ng

unit conprises a ne sensor canera whi ch senses an Trage on said object

irradi ated w th saighldigd | I4Hg nat) o, %#@ét SYStErR anch- FRVES, Bad ik Obj ect
relative to said illumnating unit and said | mage sensing unit. 10 7.
(amended)s A def&ghi dei@edt g PR 8t USo an optimum angle for sensing
an interference image. Likewise, the image sensing
angle controller 6 sets the inclination angle of the
image sensing unit 4 with respect to the surface of the
semiconductor wafer 2 to an optimum angle for sensing
20 an interference image. These inclination angles of the
illuminating unit 3 and the image sensing unit 4 with
respect to the surface of the semiconductor wafer 2 are
regular reflection angles, respectively. The setting
of the optimum angles of the illuminating unit 3
25 and the image sensing unit 4 with respect to an

interference image is done by a method of any of the

18th to 21st embodiments to be described later.



according to claim1, characterized in that as the optical information
obt ai ned by said i nage processor, any statistical technique of an average
val ue, maxi mum val ue, standard deviation, or the like of |um nance 15

val ues of diffracted Iight received by said i mage sensing LhiAPR 00sed. 8.
(amended) A defect detecting apparatus according to claim1l1, characterized
in that the inmage sensing condition is and.nclination angle of said 20
illumnating unit or inmage sensing unit whi'ch optimally senses diffracted
light, interference light, or scattered light. 9. (amended) A defect

det ecti t I iml, _ch teri in,that i d object
25 s placed ona stogetuit iR $EoEe” s B BRER EERRERF o OshbTenr G | mge
s place . VES'  OF el O . 38 d i mge
of sald Stage Corerd IPEG Hoogy LIPSt B T Rt B WAL Tlo o
di ff t ob tl o i 4 . di t ' L Ot l'i ght,
and scat tered 1ToH TromSara oo certoe 437 Aeddts S0uBIEEt “Uetect ing

appar at us Qccorcﬁif‘ﬁ};é@té‘cﬁaixﬁﬂcfe SV Acd &l &Gk idh I haty then Lesiihishrom said
determ nation unit is stored Tor each type of said object or for each

fabricatimon stepitd t9ais ebia@ednt 10cHd . i@ nsedd 1y ded £t 4 dedess s ng
apparatus according to claiml, characterized in that said 17 APR 2003 -
96 determ natiam imade def erle nester paseddonl bfhint hiws dey 1ightidrome a
graph representing the relationship between the inclination angle and
optical i nfor medixercbinmipebdndsai by negetipe ouesbng . dbrd@tidmnehdety A
def ect detecting apparatus according to claim1l, characterized in that said
det ermi nati on uftadeel ectBachk cintepierende yindgobjensed by ope i imeggr aph
froma plurality of graphs each representing the relationship between the
inclination 10 & Aithibhtd ced tranrirtresh bt Hiaecknage sanalyaegeS0l
processqr_and deIerqines a position of nth-order light fromthe sel ected
graph. ¥ (anchied R daEetitRitedity 2bars k! a’%g:ré%r%ﬁ%r? oSerkaes 1,

characterized in_that said 15,determ nati on unit de](t)gr%'nes, for a

plurality of ob?_%ctt e Sﬁ{“ﬁ%}#%ﬁ?%m o & st tER Ser e posi ti on
of first-order |Ightwﬁ Vg as-an gygéagﬁﬁggéugngrig@é#ggg%%gaggﬁaégigalue

of the first-order light T'n"atcordance a graph

rel ationship betmgengdbe.dhcd ié‘{ﬁ_l% ac’&@g‘g%%gengg%éerg ot %g@é%ﬁg é)]pé ai ned

by said i mage processor 14. (anen I g appara

according to cladmprletShpraci&dd zeekdn dhat, sald apole gongoll esocontrols

an inclination angle of "at |east 25 one of said illumnpating unit and said
i mage sarsi ng WHA1Wddi thasdesigns ed mpvabl £ §ohees 4 Nied Udidge bt g St or der

i ght, and said determ nation unit determ nes 11 APR 2p03 - 96-1 a
posi tion of thesuddh sts arateirst i Hinkm fitoi lanag @ pha r &pt seed)t | dgst heand
rel ati onship between the inclination
flaws on the semiconductor wafer 2 are extracted, and
pieces of information such as the types, numbers,
positions, and areas of these defects are displayed on
20 the display unit 505,

The semiconductor wafer 2 thus completely
inspected is returned to the stocker by the substrate
transfer unit 11. Subsequently, the substrate transfer
unit 11 transfers an uninspected semiconductor wafer

25 2 from the stocker and places it on the stage 1.

Before diffracted images are sensed, that inclination

angle A of the illuminating unit 3, which is stored in



angle and optical information obtained by said i mage processor within the
novabl e range. 5 15. (anended) A defect detecting apparatus according to
claim 11, characterized in that said determnation unit sets the
inclination angle to a prestored reference inclination angl el iR gmj d
determnation unit cannot determ ne the nth-order light 10 in the graph.

16. (amended) A defect detecting apparatusggccording to claim 15,
characterized in that the reference inclination angle is an inclination
angl e obtained by simulation or a previously set inclination 15 angle. 1
7 ppR 2003 _ 97 17, n fect .de j a rding to
claim 15, char aci‘cfh& %zté)&%:% ?‘]‘h%g%t ﬁ]ogaerogf?grh%n?:eﬁérﬁlnwgﬁ%;eﬁfgla&?ﬁssdan angl e
shifted about 5 10 fir omma 4 st d r taini ield 5 i mage
when the opti calrielgn g)rurt;'eiti gﬁlel Sﬁl&ﬁ%ﬂg@:{l@f Iall.fg%'ﬁté.’;1 %8%%#9%213 A def ect
detecting appar a\4$a%a@adilg et /aidnikb1 icharast eliged dm dfiat an index
for designating an inclination angle is superposed and di spl ayed on the
graph and di spl ayaénamat idies Rind) WiwitH) A pddtow olitgid aydnicHaddusd ting
an inclination angle ~ 7 APR 2003 - 98 and a pattern pitch value of said
obj ect onsthe samFescreean akd.odtameided)gl def ect detecting apparat us

according to claiml1, characterized in that said 5 determ nation unit
obtains a pitch pattem thlsuegevantdr derbadinkiit r adtiEelke | tight i n@hi nataigen
sensing angle, or an illumnnation angle by sin 8 d - sin Bi = m-, /p 8d:
the i mage sensi rgals tof Adld ndtlivenrexigineg Woit8i3 ishechdrigad ndtlieng uni t
inclination angle, m the order of diffracted light, and the pattern pitch.
20. (anmended) Adddffaactest dduhiy fmpartdiaswdesialiafy the denigonductor
characterized in that said object 15 is placed on a rotary stage so that a
direction of th&3Fa%k & it vathijedha tHRadss sedts i dnithet i3 FAHRt i on
direction of said illum.nating unit. 21. anendeq% A qige t detectin
appar at ug Yaccor difttg W& OB AME L &chardtd aYeafs v ag iﬁ“e i
values of the diffracted light is calculated, and the
graph 20c, as shown in FIG. 13, which indicates the
relationship between the average luminance value and
the inclination angle is generated. The first-order
15 light of the diffracted light is determined from the
graph, and the inclination angle of the illuminating
unit 3 is set on the basis of this determination
result. Consequently, it is possible to automatically
set that inclination angle of the illuminating unit 3,
20 which is best suited to sensing an image of the
diffracted light, to easily obtain high-quality
diffracted images, and to perform accurate defect
detection on the basis of these diffracted images.
Additionally, the inclination angle of the
25 illuminating unit 3 is set beforehand for a

semiconductor wafer 2 for angle setting, not for all

semiconductor wafers 2, and is applied to defect



20 illumnating unit uses one of line illumnation for illumnating said

object-in aline, one-tine illumnation for illumnating a whole surface of
said object, and spot illumnation for illumnnating said object with a

spot . ~ ~ APR 2003 - 99 22. (anended) A defect detecting ﬁ% rat us
according to claim1l1, characterized in that said defect detect g'@%paratus
has a function of threedi nensionally drivi said illumnation unit or said
5 image sensing unit, and said angle setting controller three-dinensionally
drives said illumnation unit or said imge sensing unit to set an

i1 ract e || qutiBrerhi o raf orgal EPhCtx TARERER 2038050 PAE" (295 0s
100-1 23. (addgd). Adef el Oel echLng, appat abys. ehiar acher haed byeq

conprising: an 1TTumnating unit ose 1T ncrdent "angle c ges

respect 103 noigbe! ocfe siitacgaelof AReoRLoRE LAeDS1ANAPREL ey an | Mo

sensing unit which senses an 1 nmage o ecte y sal ect

i11umnated withysaid &ﬁaueﬁ@aiﬁageugéﬁsiﬁ?i Qniiﬂa@ea§€n§ia€9bgnh5iﬂ@5 an
i mage sensing angle 6 changing wih respect to the normal; 10 an i frage

anal yzer swich gxisnactondetest wafernatkep hhoahanekaBgeinkpsatdonbjgct
sensed by said i nage sensing unit; a determ nation unit which obtains an

interference angteusllyegdetformédr f eneccedbhgeyyasenhcondtibeobasagets of an
observati on wavel ength and informati on concerning
2 having diverse patterns can be inspected.
Also, the above defect detecting apparatus uses
a pair of the illuminating unit 3 and the image sensing
10 unit 4, and can sense both a diffracted image and an
interference image by changing the inclination angles
of these units. More specifically, while the stage 1
on which a semiconductor wafer 2 is placed is moved
forward and backward at one time, diffracted images are
15 sensed during the forward movement, and interference
images are sensed during the backward movement.
In this manner, diffracted images and interference
images can be obtained within a short time period.
During the image sensing, the inclination angles of the
20 illuminating unit 3 and the image sensing unit 4 are so
set as to sense an image of the diffracted light during
the forward movement and to sense an image of the
interference light during the backward movement. Also,
since the irradiation direction of the illuminating
25 unit 3 is fixed while the stage 1 is moved back and

forth, the coordinates of the sensed diffracted image

and interference image can be accurately matched.



a filmformed on said objects and an angle controller which controls an
inclination angle of said illumnnating unit sand said i nage sensing unit on
the basis of the interference angle obtained by 20 said deternina%ion unit.
24. (added) A defect detecting apparatus according to cl di mAPR (i
characterized in that said determ nation unit cal cul ates an opti num
interference angle in accordance with a thigkness and refractive index of
25 said film 25. (added) A defect detecting apparatus according to claim
23, characterized in that said determ nation 11 ,gpR ?0D3 - 100-2 unit
obt ai ns an opti Lth a rel ationship of

i f N d
a refl ectance tg%ggkﬁ%%Lﬁggg%%%egggg bﬁﬁ?q%gb”?gégggk?&egbﬂééﬁnaetecting
e G g aitngae g%’}e%’l@ elirgthlt -

apparat us accor ding 5 ke, ChflaMdhe GIALACHYY
correspond ing To arange of 1arge reflectances on ra represe

relationship oftﬂergkbggﬁg2g%8¢%9gl%§g§&n%%% gg€§@¥gﬁ%%%ﬁgiﬁifyﬁgakggp as an

optimuminterference an ed) i 'ng appar at us

according to clahp 33, gehakactiely 28dd 1 thal A RRUIVERIYR!f ekNesang! e
corresponding to each I"ayer 1s obtained in accordance with refractive

i ndi ces apd thi gkRgeses ief nedel Haldr feraedam saind ieaty nld: Jmdded)
A defect detecting apparatus characterized by conprising: an illum nating
unit whose inci demesangl e 8 changes with respect to a normal to a surface
of an object to be inspected; 20 an inmage sensing unit which senses an
i mge of |ight refl ecdd imesaifd thiy exinfiilguwdtniatred fvidrh iswagk sensing
system, an illuminating system and a control system of
a defect detecting apparatus according to the eighth
10 embodiment of the present invention are similar to
those shown in FIGS. 10 and 11, respectively. In this
eighth embodiment, as shown in FIG. 14, in a graph 20c
indicating the relationship between the luminance value
and the angle, an illumination angle corresponding to
15 a luminance value peak p which corresponds to the
first-order light of the diffracted light is not
regarded as optimum, and an illumination angle
corresponding to a portion pl which is close to the
luminance value peak p, which has a slightly smaller
20 luminance value, and in which a change in the luminance
value is large, is considered to be an optimum
illumination angle. As in the seventh embodiment,
a substrate transfer unit 11 picks up a semiconductor
wafer 2 from a stocker (not shown), and places the
25 semiconductor wafer 2 on a stage 1.

Next, a graph indicative of the relationship

between the luminance of the diffracted light and the



illumnating unit, said inmge sensing unit has an i nage sensing angle B
changing with respect to the norma | an angle controller which controls
said 25 illumnating unit and said i nage sensing unit such that an incident
angle to said object is set equal to an inage sensing anghd; APR12003 App ~

, - 100-3 an inmage processor which causes said i mtage sensing unit to
sense an inmage while the inclination angle of said illumnation unit and
said i mage sensing unit is changed by saidi%ngle controller, thereby
obtains a 5 relationship of a |um nance value to the inclination angled and
a determnation unit which determ nes an optinmuminterference angle in
accordance wi t hihemiabiomnahg be of St enetntadnt®d %@F%€d§ﬁcﬁh§ngthﬂatlon
angl e, which 10_js obtai ned by said_image_ processor, wherein said angle
control l er cont¥tP¥ ¢hart ?%%t%%anﬁglizof Qi CFEFRA Raf R ngPEAM ™ and

said imge sensipg unif, on,the,basis of Lhe; Lt erf e eneesgaoLe, ophalned by
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]ca]caV]ca]ca]ca]ca ca]ca]ca]caaca]ca]ca *EGMI H* 109 &
#10% " & () - Y@ 189R2 F5@§19W C and an illumination angle 156 with
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G'10%& ()-9V = LSAF,oL10%1() +350%&s0) - 8110%&1 0 4l M ting slider

157 for designating the inclination angle of the
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illuminating unit 3 is displayed. The inclination
angle (illumination angle) 156 indicated by the slider
157 is displayed on the lower right corner of the
graph. Accordingly, whenever an inspector moves the
5 slider 157 to the right or left, the displayed angle is
updated. By using this angle indicated by the slider
157 as an illumination angle at which the first-order
light of the diffracted light appears, a pattern pitch
71 is calculated from equation (1) above, and the value
10 is displayed on the lower right corner of the graph.
In addition, when the illuminating unit 3 inclines to
the image sensing unit 4, the diffracted light entering
the image sensing unit 4 is sometimes interrupted
depending on the inclination angle of the illuminating
15 unit 3. In FIG. 15B, this angular range is displayed
as an impossible setting range 158 of the inclination
angle of the illuminating unit 3.
Furthermore, by changing the value of the pattern
pitch or the image sensing angle, it is possible to
20 immediately recalculate the illumination angle at which
the first-order to mth-order light components appear or
the pattern pitch at which the first-order light of the
diffracted light appears, and redisplay the value on
the graph. This allows the inspector to check the
25 value of a pattern pitch which has generated the
luminance peak of a graph generated from sensed

diffracted light.
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Consequently, the inspector can know the inclination
5 angle of the image sensing unit 4 at which an image
of the first-order light of the diffracted light can
be sensed, without actually sensing an image of the
diffracted light. Since this can make an actually
sensed diffracted image correspond to the pattern pitch
10 of a portion to be inspected, defect detection with
higher accuracy can be performed.
Note that the graph displays are not restricted
to those shown in FIGS. 15A and 15B. For example,
a synthetic graph of FIGS. 15A and 15B can also be
15 displayed.
Outlines of the configuration of an image sensing
system, an illuminating system and a control system of
a defect detecting apparatus according to the 10th
embodiment of the present invention are similar to
20 those shown in FIGS. 10 and 11, respectively. In this
10th embodiment, the irradiation positions of an
illuminating unit are designated for a plurality of
subdivided regions differing in, e.g., pattern width,
shape, and direction in one chip on a semiconductor
25 wafer 2. 1In addition, the contrast of the luminance
value between designated regions at each irradiation

position is regarded as the luminance value at the
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angle. As in the seventh to ninth embodiments, a
substrate transfer unit 11 picks up a semiconductor
wafer 2 from a stocker (not shown), and places the
5 semiconductor wafer 2 on a stage 1. Next, a personal
computer 50 sets on the semiconductor wafer 2 the
position of an illuminating unit 3 which irradiates
illuminating light.
FIG. 16A is a view showing a display example on
10 a display unit 505 in a defect detecting apparatus
according to the 1l1th embodiment of the present
invention. FIGS. 16B and 16C are partial enlarged
views of FIG. 16A. 1In this embodiment, an image of
the surface of the semiconductor wafer 2 is sensed
15 beforehand, and a wafer image 25 is displayed on the
display unit 505 as shown in FIG. 16A. A large number
of chips 26 arranged in a matrix are displayed in the
wafer image 25. As shown in FIG. 16B, each chip 26
has a plurality of pattern regions 26a, 26b, and 26c
20 different in, e.g., pattern width, shape, and
direction.
In this state, an inspector designates the column
of a predetermined chip 26 on the wafer image 25 and
also designates a predetermined region by using a
25 cursor 27a from a menu screen (not shown) displayed on

the personal computer 50. If the inspector designates

a region 261 corresponding to the pattern region 26a by
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designates the pattern region 26a, an irradiation
position 27 on the wafer image 25 is so set, as shown
in FIG. 16C, as to cross the region 261 corresponding
5 to the pattern region 26a of each chip 26. If chips
26 are also present in the row direction, the size
(vertical size) of one chip 26 from the irradiation
position 27 is calculated, and another irradiation
position 27 is so set as to cross a region 261
10 corresponding to a pattern region 26a of each chip 26.
Assume that the inspector designates another region
281. In each chip 26, the regions 281 is present as in
the region 261.
In this state, the above defect detecting
15 apparatus executes the operation of the flow chart
shown in FIG. 12, obtaining the luminance value of the
diffracted light for each of the regions 261 and 281.
The contrast between the average luminance value in
the region 261 and that in the region 281 is calculated
20 and set as the luminance value of the diffracted light.
A graph indicating the relationship between the
luminance value of the diffracted light and the
inclination angle is generated. From this graph,
an illumination angle and image sensing angle at which
25 the contrast is a maximum are obtained.
In this 11th embodiment, detailed information is

obtained from a region designated by an inspector on
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Therefore, it is possible to acquire diffracted images
with higher accuracy than when a region is designated
in accordance with design data.
5 Outlines of the configuration of an image sensing
system, an illuminating system and a control system of
a defect detecting apparatus according to the 12th
embodiment of the present invention are similar to
those shown in FIGS. 10 and 11, respectively. In this

10 12th embodiment, as shown in FIG. 17, a display unit
505 displays graphs 261lg and 281g in which the
luminance values of a plurality of regions, e.g., the
luminance values of regions 261 and 281, respectively,
shown in FIG. 16C, are related to the illumination

15 angle. Consequently, even if the regions 261 and 281
have different pattern pitches, an optimum illumination
angle corresponding to the first-order light of the
diffracted light can be determined on graphs on one
screen.

20 The graphs 261lg and 281g can also be displayed in
different colors on the display unit 505. This makes
it possible to distinguish between these graphs 26lg
and 281g of the regions 261 and 281 by different
colors. In this case, the average values or the

25 maximum values of the luminance values of these regions

261 and 281 can be displayed together with the

corresponding graphs 26l1g and 281g.
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In a defect detecting apparatus according to the
13th embodiment of the present invention, the wafer
image 25 described in the 11th embodiment and the
graphs 261g and 28l1g described in the 12th embodiment

5 are simultaneously displayed on a display unit 505.
This permits an inspector to recognize the correspon-
dence between the regions 261 and 281 on the wafer
image 25 and the graphs 26lg and 281gq.

In a defect detecting apparatus according to the

10 14th embodiment of the present invention, a stage
movement rotation controller 8 controls both the
movement and rotation of a stage 1. The rotation of
this stage 1 is controlled in accordance with the
direction of the pattern on a semiconductor wafer 2 as

15 an object to be inspected.

When the stage 1 is moved straight (X direction)
while an illuminating unit 3 irradiates the surface of
the semiconductor wafer 2 with linear illuminating
light, an image of the diffracted light or the

20 interference light cannot be sensed in some cases
depending on the direction of the pattern on the
semiconductor wafer 2. For example, an image of the
diffracted light or the interference light cannot be
sensed if the direction of the pattern makes an angle

25 of 90° with respect to the line direction of the

illuminating light. 1In a case like this, the stage

movenent rotation controller 8 controls the rotation of
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the stage 1, e.g., rotates the stage 1 90° around its
central vertical line. Since this aligns the direction
of the pattern on the semiconductor wafer 2 with the
line direction of the illuminating line, an image of

5 the diffracted light or the interference light can be
sensed.

In this 14th embodiment, the rotation of the stage
1 is controlled in accordance with the direction of the
pattern on the semiconductor wafer 2. Accordingly, an

10 image of the diffracted light or the interference light
can be sensed from patterns different in direction.
Also, since the stage 1 need only be rotated a prede-
termined angle, the rotation operation is easier than
when the illuminating unit 3 and an image sensing unit
15 4 are rotated together.

In a defect detecting apparatus according to the
15th embodiment of the present invention, illuminating
light emitted from an illuminating unit 3 is not linear
light. That is, the illuminating unit 3 illuminates

20 the entire surface of a semiconductor wafer 2 at one
time, or illuminates a portion of the surface of the
semiconductor wafer 2 by spot illumination. In the
former one-time illumination, plane illuminating light
evenly illuminates the whole surface of the semicon-

25 ductor wafer 2. Therefore, an image of the entire
region of the semiconductor wafer 2 can be sensed at

once. In the latter spot illumination, an image of
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only a desired region on the semiconductor wafer 2

can be sensed with point illuminating light.

Furthermore, by combining the above one-time

illumination and the rotation control of the stage 1
5 described in the 14th embodiment, an image of the whole
pattern on the semiconductor wafer 2 can be evenly
sensed. It is also possible to sense an image of only
a desired pattern in an optimum state by combining
the spot illumination and the rotation control of the
10 stage 1.

In a defect detecting apparatus according to the
16th embodiment of the present invention, an image
sensing angle controller 12 three-dimensionally
controls the inclination angle of an image sensing unit

15 4 with respect to the surface of a semiconductor wafer
2. In the eighth to 15th embodiments described above,
the inclination angles of the image sensing unit 4 and
the illuminating unit 3 with respect to the surface
of the semiconductor wafer 2 are two-dimensionally

20 controlled. Therefore, an image of the diffracted
light or the interference light cannot always be sensed
with high directivity. In this 16th embodiment, the
image sensing unit 4 is three-dimensionally operated
and can thereby sense an image of the diffracted light

25 or the interference light having highest directivity

in accordance with the pattern on the semiconductor

wafer 2. Accordingly, it is possible to sense an image
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which cannot be detected only by two-dimensionally
controlling the inclination angle.

A similar effect can be obtained by three-

5 dimensionally controlling the inclination angle of an
illuminating unit 3 by an illumination angle controller
10, or by three-dimensionally swinging a stage 1 by a
stage movement rotation controller 8, instead of three-
dimensionally controlling the image sensing unit 4.

10 In a defect detecting apparatus according to the
17th embodiment of the present invention, an image of
that scattered light from the surface of a semicon-
ductor wafer 2, which is generated by illumination
from an illuminating unit 3, is sensed line by line.

15 The scattered light is generated when the surface of
the semiconductor wafer 2 has defects such as flaws.

A personal computer 50 sets those inclination
angles of the illuminating unit 3 and an image sensing
unit 4, which are best suited to sensing an image of

20 the scattered light. In this setting, a bare wafer
having flaws or a wafer having defects in a specific
region is used as the angle setting semiconductor
wafer 2.

Alternatively, a detecting unit (not shown) is

25 used to detect defects on the angle setting semicon-
ductor wafer 2, and the personal computer 50 sets

optimum inclination angles of the illuminating unit 3
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In this case, it is also possible to classify the types
(flaws, dust, and the like) of defects in advance,
store the classification information in a storage unit
5 503, and allow the personal computer 50 to determine
the type of defect detected by the detecting unit on
the basis of the information stored in the storage unit
503 and set the inclination angle for each defect type.
Consequently, only an image of the scattered light from
10 a certain type of defect on the semiconductor wafer 2
can be sensed in defect inspection.
Although a semiconductor wafer is used as
an object to be inspected in the seventh to 17th
embodiments described above, a liquid crystal glass
15 substrate can also be used.
In the present invention, a diffracted image
sensitive to changes on the surface of an object to
be inspected can be sensed, so defect detection with
higher accuracy is possible. Also, in the present
20 invention, an inclination angle at which the diffracted
light exits can be set on the basis of information such
as a pattern pitch on the surface of an object to be
inspected. Therefore, diffracted images corresponding
to the state of the surface of an actual object to be
25 inspected can be obtained, so diverse objects can be
inspected. Furthermore, in the present invention,

diffracted images are sensed at the inclination angle
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of a portion where the contrast of the diffracted light
is a maximum. Accordingly, good inspection images can
be obtained, so high-sensitivity defect detection can
be performed.
5 In the present invention as described above,
an optimum angle of at least one of the illuminating
side and the image sensing side when an image of the
diffracted light is to be sensed can be automatically
set. Also, in the present invention, an optimum angle
10 of at least one of the illuminating side and the
image sensing side is calculated by way of trial in
accordance with the pattern pitch or the wavelength of
illuminating light, and the corresponding information
(e.g., the pattern pitch or the wavelength of
15 illuminating light) is superposed and displayed on
a graph which indicates the relationship between the
angle and the diffracted light, obtained by actually
irradiating an object to be inspected with the
illuminating light. This can set a more practical
20 diffracted light receiving angle. Furthermore, in the
present invention, an optimum angle of the illuminating
side or the image sensing side can be set in accordance
with design data by interacting with an inspector.
Hence, the present invention can handle a variety of
25 objects to be inspected and can perform defect

detection with higher detectivity.

FIG. 18 is a view showing an outline of the
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6& 0 if%hmlnating system of a defect detecting apparatus

according to the 18th embodiment of the present
invention. Referring to FIG. 18, a semiconductor wafer

5 2 as an object to be inspected is placed on a stage 1.
The stage 1 can move in the X direction. A linear
illuminating unit 3 and an image sensing unit 4 such
as a line sensor are arranged above the stage 1.
The illuminating unit 3 obliquely irradiates the

10 surface of the semiconductor wafer 2 with linear
illuminating light. The illuminating unit 3 is so
placed that an incident angle 6 of the illuminating
light with respect to a normal S passing the surface
of the semiconductor wafer 2 is variable. The image

15 sensing unit 4 senses line by line that interference
observation image from the surface of the semiconductor
wafer 2, which is generated by illumination by the
illuminating unit 3. The image sensing unit 4 is so
placed that an image sensing angle 6 with respect to

20 the normal S passing the surface of the semiconductor
wafer 2 is wvariable.

FIG. 19 i1s a view showing an outline of the
configuration of a control system of the above defect
detecting apparatus. Referring to FIG. 19, a host

25 computer 5 is connected to the image sensing unit 4, an
image display unit 6, an input unit 7, a stage movement

rotation controller 8, an optical system controller 9,
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an illumination angle controller 10, a substrate
transfer unit 11, and an image sensing angle controller
12. The illuminating unit 3 is connected to the
optical system controller 9 and the illumination angle
5 controller 10. The stage 1 and the image sensing
unit 4 are connected to the stage movement rotation
controller 8 via a stage moving unit 13. The image
sensing unit 4 is connected to the image sensing angle
controller 12. The host computer 5 has an image
10 analyzer 501, a determination unit 502, and a storage
unit 503. The image display unit 6 is a liquid crystal
display or a CRT display. The input unit 7 is a
keyboard or a mouse.
The host computer 5 executes a series of control
15 operations for loading each one-line image signal from
the image sensing unit 4, and processing the image
signal to inspect defects of the semiconductor wafer 2.
The image analyzer 501 loads and reconstructs each one-
line image signal output from the image sensing unit 4.
20 The image analyzer 501 then analyzes the reconstructed
image data to extract defects such as film thickness
variations, dust, and flaws on the semiconductor wafer
2, and causes the image display unit 6 to display
information such as the types, numbers, positions, and
25 areas of these defects.

On the basis of input conditions from the input

unit 7, the determination unit 502 calculates an
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optimum angle (optimum interference angle) 8 (= the
incident angle 6 of the illuminating light, the image
sensing angle 6 of the image sensing unit (the image
sensing angle of the interference light)) for sensing
5 an interference observation image by

61 = sin~l(n-sin(cos~1((2n-d)/21)))

02 sin~l(n'sin(cos™1((n-d)/1)))

6 = 01+(61-62)/2 e (3)
As shown in FIG. 18, 0 is the incident angle of the
10 illuminating light emitted from the illuminating
unit 3, 0 is the image sensing angle of the image
sensing unit 4, and A is the observation wavelength
when the image sensing unit 4 performs image sensing.
Furthermore, as shown in FIG. 20, when a single-layer
15 resist film 2b is formed on a substrate 2a of the
semiconductor wafer 2, let d and n be the thickness and
the refractive index, respectively, of the resist film
2b. The determination unit 502 sends the calculated
optimum interference angle 6 to the image sensing
20 angle controller 12 and the illumination angle
controller 10.

The image sensing angle controller 12 receives the
optimum interference angle 0 from the determination
unit 502, and controls the movement of the image

25 sensing unit 4 such that the image sensing angle
becomes the optimum interference angle 6. The

substrate transfer unit 11 controls a transfer section
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shown), place the semiconductor wafer 2 on the stage 1,
and after defect inspection, return the semiconductor
5 wafer 2 on the stage 1 to the stocker.
The stage movement rotation controller 8 drives
the stage moving unit 13 for moving the stage 1 in,
e.g., the X direction, in synchronism with image
sensing by the image sensing unit 4, thereby
10 controlling the movement, rotation, and positioning of
the stage 1 having the semiconductor wafer 2 placed on
it. To acquire an interference observation image, the
optical system controller 9 controls the insertion of
an interference filter 41 (not shown) and the light
15 amount of the illuminating unit 3. The illumination
angle controller 10 receives the optimum interference
angle 6 from the determination unit 502, and controls
the movement of the illuminating unit 3 such that the
incident angle of the illuminating light with respect
20 to the surface of the semiconductor wafer 2 becomes
the optimum interference angle 8.
The operation of the defect detecting apparatus
configured as above will be described below.
When an inspector designates the start of
25 inspection from the input unit 7, the host computer 5
displays, on the image display unit 6, a screen for

requesting the input of the thickness d and the
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refractive index n (refer to FIG. 20) of the resist
film 2b formed on the semiconductor wafer 2 to be
inspected.

In accordance with this screen, the inspector

5 inputs the thickness d and the refractive index n of

the single-layer resist film 2b from the input unit 7.
The determination unit 502 of the host computer 5
calculates the equation (3) by letting 6 be the
incident angle of the illuminating light emitted from

10 the illuminating unit 3, 6 be the image sensing angle
of the image sensing unit 4, A be the observation
wavelength when the image sensing unit 4 performs image
sensing, d be the thickness of the resist film 2b,
and n be the refractive index of the resist film 2b.

15 In this manner, the determination unit 502 obtains
the optimum angle (optimum interference angle) 0 for
sensing an interference observation image, and sends
the optimum interference angle 8 to the image sensing
angle controller 12 and the illumination angle

20 controller 10.

The image sensing angle controller 12 receives the
optimum interference angle 0 from the determination
unit 502, and controls the movement of the image
sensing unit 4 such that the image sensing angle

25 becomes the optimum interference angle 6. At the same
time, the illumination angle controller 10 receives the

optimum interference angle 6 from the determination
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unit 502, and controls the movement of the illuminating
unit 3 such that the incident angle of the illuminating
light with respect to the surface of the semiconductor
wafer 2 becomes the optimum interference angle 0.
5 When the illuminating unit 3 and the image sensing unit
4 are thus set at the optimum interference angle @,
defect inspection for the semiconductor wafer 2 is
started.
First, the inspector designates the start of
10 defect inspection from the input unit 7. The substrate
transfer unit 11 picks up a semiconductor wafer 2
from the stocker (not shown), and transfers and
places the semiconductor wafer 2 onto the stage 1.
The illuminating unit 3 emits illuminating light having
15 the observation wavelength A through the interference
filter 41. As shown in FIG. 20, this illuminating
light is reflected by the surface of the resist film 2b
and also reaches the substrate 2a through the resist
film 2b and is reflected by the surface of this
20 substrate 2a. An interference observation image is
generated by these reflected light components and
incident on the image sensing unit 4.
From this state, the stage movement rotation
controller 8 moves the stage 1 in the X direction at a
25 constant velocity. In synchronism with this movement,

the image sensing unit 4 senses the interference

observation image line by line in a direction
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(Y direction) perpendicular to the moving direction of
the stage 1. Each interference observation image
sensed by the image sensing unit 4 is transferred to
the image analyzer 501 of the host computer 5, until

5 the entire surface of the semiconductor wafer 2 is
completely scanned.

When interference images from the entire surface
of the semiconductor wafer 2 are completely sensed
after that, the image analyzer 501 analyzes these

10 images. The image analyzer 501 loads and reconstructs
each one-line image signal output from the image
sensing unit 4, and analyzes the reconstructed image
data to extract defects such as film thickness
variations, dust, and flaws on the semiconductor

15 wafer 2. The image analyzer 501 then obtains data such
as the types, numbers, positions, and areas of these
defects, and displays the data on the image display
unit 6.

The semiconductor wafer 2 thus completely

20 inspected is returned to the stocker by the substrate
transfer unit 11. Subsequently, the substrate transfer
unit 11 transfers an uninspected semiconductor wafer 2
from the stocker and places it on the stage 1.

In this 18th embodiment, on the basis of the

25 thickness d and the refractive index n of the resist
film 2b formed on the semiconductor wafer 2, the

optimum interference angle 8 for sensing interference
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unit 3 and the image sensing unit 4 are so controlled
that the irradiation angle and the image sensing angle
become the optimum interference angle 6. That is, the

5 observation wavelength can be continuously changed by
varying the irradiation angle and the image sensing
angle, without selecting the observation wavelength
step by step by interchanging a plurality of bandpass
filters as in conventional apparatuses. Therefore,

10 even when the interference conditions change owing to
changes in the thickness d or the refractive index n of
the resist film 2b of the semiconductor wafer 2 or the
observation wavelength A of the illuminating light,
interference observation images can be sensed under

15 most preferred conditions.

Outlines of the configuration of an image sensing
system, an illuminating system and a control system of
a defect detecting apparatus according to the 19th
embodiment of the present invention are similar to

20 those shown in FIGS. 18 and 19, respectively. In this
19th embodiment, the function of a determination unit
502 of a host computer 5 is different from that of the
above 18th embodiment.

This 19th embodiment inspects defects on a

25 semiconductor wafer 2 in which multilayered thin films

different in refractive index are formed on a substrate

2a. Accordingly, unlike the 18th embodiment described
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above, the determination unit 502 of the host computer
5 has the following function.
On the basis of input conditions from an input
unit 7, the determination unit 502 calculates an
5 optimum angle (optimum interference angle) 6 (= the
incident angle 6 of illuminating light, the image
sensing angle 6 of an image sensing unit 4) for
sensing an interference observation image, from the
relationship (reflection graph), as shown in FIG. 21,
10 between reflectance and a thickness d of the thin film.
As shown in FIG. 18, 6 is the incident angle of the
illuminating light emitted from an illuminating unit 3,
0 is the image sensing angle of the image sensing unit
4, and A is the observation wavelength when the image
15 sensing unit 4 performs image sensing. Furthermore,
when multilayered thin films, e.g., three films are
formed on the substrate 2a of the semiconductor wafer
2, let dj and nj be the thickness and the refractive
index, respectively, of the first thin film, ds and n»
20 be the thickness and the refractive index, respec-
tively, of the second thin film, and d3 and n3 be the
thickness and the refractive index, respectively, of
the third thin film. The determination unit 502 sends
the calculated optimum interference angle 6 to an
25 image sensing angle controller 12 and an illumination

angle controller 10.

The relationship (reflection graph) shown in
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FIG. 21 between reflectance and the thickness d of the
thin film is a graph calculated when both the incident
angle 6 of the illuminating light and the image
sensing angle 6 of the image sensing unit 4 are 45°,
5 the observation wavelength A is 600 nm, and the
refractive index n of the thin film is 1.5. 1In this
reflection graph, in an uppermost portion a or a
lowermost portion c of the curve, the change width of
the reflectance due to a change in the film thickness
10 is small, so the image luminance difference is small,
i.e., the image saturates. Therefore, the determina-
tion unit 502 changes the angle 6 or the observation
wavelength A, and sets the angle 8 corresponding to
a range including a middle portion b of the curve, as
15 the optimum interference angle 6.
The operation of the defect detecting apparatus
configured as above will be described below.
When an inspector designates the start of
inspection from the input unit 7, the host computer 5
20 displays, on an image display unit 6, a screen for
requesting the input of the thicknesses d and the
refractive indices n of a plurality of thin films
formed on the semiconductor wafer 2 to be inspected.
In accordance with this screen, the inspector
25 inputs the thickness and the refractive index of each
thin film from the input unit 7. When the number of

thin films is three, for example, the inspector inputs
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first thin film, the thickness dy and the refractive
index ny of the second thin film, and the thickness d3
and the refractive index n3 of the third thin film.

5 The determination unit 502 of the host computer 5
calculates the optimum interference angle 8 for
sensing interference observation images. That is,
the determination unit 502 changes the angle 08 or the
observation wavelength A, and obtains the angle 6

10 corresponding to the range including the middle portion
b of the curve as the optimum interference angle 6,
from the reflection graph of the reflectance as
a function of the thin film thickness d as shown in
FIG. 21. The determination unit 502 sends this optimum

15 interference angle 0 to the image sensing angle
controller 12 and the illumination angle controller 10.

The image sensing angle controller 12 receives the
optimum interference angle 6 from the determination
unit 502, and controls the movement of the image

20 sensing unit 4 such that the image sensing angle
becomes the optimum interference angle 6. At the same
time, the illumination angle controller 10 receives the
optimum interference angle 6 from the determination
unit 502, and controls the movement of the illuminating

25 unit 3 such that the incident angle of the illuminating
light with respect to the surface of the semiconductor

wafer 2 becomes the optimum interference angle 6.
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1lluminating unit 3 and the image sensing unit
4 are thus set at the optimum interference angle 6,
defect inspection for semiconductor wafers 2 is
started.

5 First, the inspector designates the start of
defect inspection from the input unit 7. A substrate
transfer unit 11 picks up a semiconductor wafer 2 as
an object to be inspected from a stocker (not shown),
and transfers and places the semiconductor wafer 2 onto

10 a stage 1. The illuminating unit 3 emits illuminating
light having the observation wavelength A . The
illuminating light is reflected by the surfaces of the
plurality of thin films and also reaches the substrate
through these thin films and is reflected by the

15 surface of the substrate. An interference observation
image is generated by these reflected light components
and incident on the image sensing unit 4.

From this state, a stage movement rotation
controller 8 moves the stage 1 in the X direction at a

20 constant velocity. 1In synchronism with this movement,
the image sensing unit 4 senses the interference
observation image line by line in a direction (Y
direction) perpendicular to the moving direction of the
stage 1. Each interference observation image sensed by

25 the image sensing unit 4 is transferred to an image
analyzer 501 of the host computer 5, until the entire

surface of the semiconductor wafer 2 is completely
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scanned.

When interference observation images from the
entire surface of the semiconductor wafer 2 are
completely sensed after that, the image analyzer 501

5 analyzes these images. The image analyzer 501 loads
and reconstructs each one-line image signal output
from the image sensing unit 4, and analyzes the
reconstructed image data to extract defects such as
film thickness variations, dust, and flaws on the

10 semiconductor wafer 2. The image analyzer 501 then
obtains data such as the types, numbers, positions,
and areas of these defects, and displays the data on
the image display unit 8.
The semiconductor wafer 2 thus completely
15 inspected is returned to the stocker by the substrate
transfer unit 11. Subsequently, the substrate transfer
unit 11 transfers an uninspected semiconductor wafer 2
from the stocker and places it on the stage 1.
In this 19th embodiment, even when the
20 interference conditions change owing to changes in
the thickness or the refractive index of each of
a plurality of thin films formed on the semiconductor
wafer 2 or changes in the observation wavelength A of
the illuminating light, interference observation images
25 can be sensed under most preferred conditions. The
above explanation is based on the detection of changes

in the uppermost thin film. However, images can be
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sensed under favored conditions in each layer.
Additionally, defects generated only in an arbitrary
layer can be detected by comparing the defect detection
results of the individual layers.

FIG. 22 is a view showing an outline of the
configuration of an image sensing system and an
illuminating system of a defect detecting apparatus
according to the 20th embodiment of the present
invention. FIG. 23 is a view showing an outline of
the configuration of a control system of the defect
detecting apparatus. In FIGS. 22 and 23, the same
reference numerals as in FIGS. 18 and 19 denote the
same parts.

Referring to FIG. 23, a host computer 5 has an
image analyzer 501, a determination unit 502, a storage
unit 503, and an angle changing unit 504. The host
computer 5 has a function of automatically calculating
an optimum interference angle 6 in accordance with
a flow chart, shown in FIG. 24, which indicates the
procedure of setting the optimum interference angle,
if a thickness d and a refractive index n of a resist
film 2b formed on a semiconductor wafer 2 are unknown.

The angle changing unit 504 instructs a substrate
transfer unit 11 to transfer and place a semiconductor
wafer for setting an interference angle onto a stage
1 as shown in FIG. 22. The angle changing unit 504

then causes an image sensing angle controller 12 and



y109&' ()- L10%&' ()- 109& ()- ~10%&k ()-3 109& ()-!

109 (~""""+(()5)dEYNC 1Y 1 &9%$109& ()- 10%& ()- 109& ()-& !'10%& ()-
Y109%&' ()- Y10%& ()-5)[)))).*+dEYNC 1Y 1 3 y/ 109%& ()-& - LOYKPH g

+109%&' ()-3 ) 109%& ()- '109%& ()-3 &0 () - +=+r +++++++bC 1Y 1l

10%& ()-"!'10%& ()- 10 10 10F :109& ()-3 9 10%&' ()-97#10%& ()-+,,,-DY-}"<bC
LVLI109%&R ()-fL109& ()-3 Y 10%&' ()-3 82

an illumination angle controller 10 to rotate an image
sensing unit 4 and an illuminating unit 3, respec-
tively, in synchronism with each other at the same
angle. That is, the angle changing unit 504 outputs

5 a command to the image sensing angle controller 12 to
move the image sensing unit 4 in the direction of
an arrow B, and a command to the illumination angle
controller 10 to move the illuminating unit 3 in the
direction of an arrow o.

10 The image analyzer 501 has a function of loading
and reconstructing each one-line image signal output
from the image sensing unit 4, when the illuminating
unit 3 and the image sensing unit 4 thus simultaneously
move through the same angle 0, and analyzing the

15 reconstructed image data to obtain the relationship
(interference luminance graph) between the angle 6 and
the luminance value as shown in FIG. 25. Note that
when the illuminating unit 3 and the image sensing unit
4 simultaneously move through the same angle 6, the

20 image analyzer 501 can also load each one-line image
signal output from the image sensing unit 4, and obtain
the interference luminance graph from the average of
the image data of a predetermined number of lines.

The above-mentioned object for setting the

25 interference angle is, e.g., a semiconductor wafer or

a liquid crystal glass substrate in a fabrication lot,

or is prepared for the purpose of setting the
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2a. During the defect inspection of the semlconductor
5 wafer 2, the image analyzer 501 loads and reconstructs
each one-line image signal output from the image
sensing unit 4, and analyzes the reconstructed image
data to extract defects such as film thickness varia-
tions, dust, and flaws on the semiconductor wafer 2.
10 The image analyzer 501 then obtains data such as the
types, numbers, positions, and areas of these defects,
and displays the data on an image display unit 6.
On the basis of the interference luminance graph
obtained by the image analyzer 501, the determination
15 unit 502 calculates the optimum interference angle 0
(= the incident angle 6 of the illuminating light,
the image sensing angle 0 of the image sensing unit 4)
for sensing an interference observation image.
The determination unit 502 sends the calculated optimum
20 interference angle 6 to the image sensing angle
controller 12 and the illumination angle controller 10.
In the relationship between the angle € and the
luminance value shown in FIG. 25, in an uppermost
portion e or a lowermost portion g of the curve,
25 the change width of the reflectance due to a change of
the resist film 2b is small, so the image luminance

difference is small, i.e., the image saturates.
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weaken each other (black) in the lowermost portion g.
Therefore, the determination unit 502 sets the angle @
5 corresponding to a range including a middle portion £
of the curve, e.g., a range A, as the optimum
interference angle 6.
The operation of the defect detecting apparatus
configured as above will be described below.

10 FIG. 24 is a flow chart showing the procedure of
setting the optimum interference angle in the above
defect detecting apparatus. First, an inspector
designates the setting of the optimum interference
angle from an input unit 7. 1In step S21, the host

15 computer 5 outputs a command to the substrate transfer
unit 11 to place a semiconductor wafer 2 for setting
the interference angle on the stage 1. In response to
this command, the substrate transfer unit 11 picks up
the semiconductor wafer 2 from a stocker (not shown),

20 and transfers and places it onto the stage 1.
Subsequently, a stage movement rotation controller 8
positions the stage 1 on which the semiconductor wafer
2 is placed.

Next, in step S22, the angle changing unit 504 of

25 the host computer 5 outputs a command to the image
sensing angle controller 12 and the illumination angle

controller 10 to move the image sensing unit 4 and the
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the arrow o to change the incident angle 6 of the

5 illuminating light. at the same time, the image

10 the incident angle 6 of the illuminating light and the

image Sensing unit 4 Sénses interference observation
images. The image Sensing unit 4 transfers these
interference observation images to the image analyzer
15 501 of the host Computer 5, until the incident angle 6
of the illuminating light and the image Sensing angle
0 are completely changed.
In step S23, the image analyzer 501 loads and
Teconstructs each one-line image signal output from
20 the image sensing unit 4, when the illuminating unit 3
and the image sensing unit ¢4 simultaneously move at
the same angle 6, and analyzes the reconstructed
image data. The image analyzer 501 then obtains
an interference luminance graph, as shown in FIG. 25,
25 indicating the relationship between the luminance value
and the angle 6 to the semiconductor wafer 2 on which

one or multilayered thin films are formed.
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transfer unit 11 picks up a semiconductor wafer 2 from

the stocker (not shown), and transfers and places the
5 semiconductor wafer 2 onto the stage 1. The illuminat-
ing unit 3 emits illuminating light having the
observation wavelength A. As shown in FIG. 20, this
illuminating light is reflected by the surface of the
resist film 2b, and also reaches the substrate 2a
10 through the resist film 2b and is reflected by the
surface of the substrate 2a. An interference
observation image is generated by these reflected light
components and incident on the image sensing unit 4.
From this state, the stage movement rotation
15 controller 8 moves the stage 1 in the X direction at a
constant velocity. In synchronism with this movement,
the image sensing unit 4 senses the interference
observation image line by line in a direction (Y
direction) perpendicular to the moving direction of the
20 stage 1. Each interference observation image sensed by
the image sensing unit 4 is transferred to the image
analyzer 501 of the host computer 5, until the entire
surface of the semiconductor wafer 2 is completely
scanned.
25 When interference observation images from the
entire surface of the semiconductor wafer 2 are

completely sensed after that, the image analyzer 501
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loads and reconstructs each one-line image signal
output from the image sensing unit 4, and analyzes the
reconstructed image data to extract defects such as
5 film thickness variations, dust, and flaws on the
semiconductor wafer 2 on which one or a plurality of
thin films are formed. The image analyzer 501 then
obtains data such as the types, numbers, positions,
and areas of these defects, and displays the data on
10 the image display unit 8.

The semiconductor wafer 2 thus completely
inspected is returned to the stocker by the substrate
transfer unit 11. Subsequently, the substrate transfer
unit 11 transfers an uninspected semiconductor wafer 2

15 from the stocker and places the semiconductor wafer 2
on the stage 1.

In this 20th embodiment, if the thickness d and
the refractive index n of the resist film 2b formed on
the semiconductor wafer 2 are unknown, interference

20 observation images are sensed by simultaneously
changing the incident angle 6 of the illuminating
light and the image sensing angle 6. An interference
luminance graph is obtained by analyzing the image data
of these interference observation images, and the

25 optimum interference angle 6 is calculated from the
interference luminance graph. Therefore, even when the

thickness d and the refractive index n of the resist
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film 2b formed on the semiconductor wafer 2 are
unknown, the optimum interference angle 6 is
automatically calculated. Accordingly, even when the
interference conditions change owing to changes in the
thickness d or the refractive index n of the resist
film 2b of the semiconductor wafer 2 or the observation
wavelength A of the illuminating light, interference
observation images can be sensed under preferred
conditions.

As the semiconductor wafer 2 for setting the
interference angle, a wafer in which one or
multilayered thin films are formed on the substrate
2a is used. Hence, even when the semiconductor wafer
2 as an object to be inspected is a wafer on which one
or multilayered thin films are formed, the optimum
interference angle 0 can be automatically calculated.

In each of the 18th to 20th embodiments described
above, interference observation images are sensed by
moving the stage 1 on which the semiconductor wafer 2
is placed. However, interference observation images
can also be sensed by moving the illuminating unit 3
and the image sensing unit 4 together, while the stage
1 is at rest. Also, an object to be inspected is not
restricted to a semiconductor wafer. For example,
macroscopic defects such as film thickness variations,
contamination, pattern step differences, and flaws on

the surface of a liquid crystal glass substrate can be
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detected as well. Furthermore, the illuminating unit 3
can irradiate an object to be inspected such as a
semiconductor wafer 2 with illuminating light having
even illuminance at once, and the image sensing unit 4

5 can sense an image of the object at one time to acquire
an interference observation image.

In the 21st embodiment, an appropriate inter-
ference filter 41 is inserted into an image sensing
optical path in order to sense interference observation

10 images corresponding to film thickness variations of a
semiconductor wafer 2. For example, if an interference
observation image is influenced by a layer such as a
surface layer having large film thickness variations, a
host computer 5 instructs an optical system controller

15 9 to insert the interference filter 41 having a wide
wavelength band into the image sensing optical path.
Alternatively, the optical system controller 9 removes
the interference filter 41 from the image sensing
optical path. Consequently, interference observation

20 images unaffected by film thickness variations can be
sensed. A similar effect can be obtained when the
interference filter is installed in an illuminating
unit 3.

A storage unit 503 of the host computer 5 stores,

25 as design data, position information concerning those
regions of the semiconductor wafer 2, which are objects

of image sensing, together with information of the film
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thickness and refractive index. On the basis of the
position information, the host computer 5 instructs the
optical system controller 9 to control the interference
filter 41 in accordance with the observation regions of
5 the semiconductor wafer 2.
In the 22nd embodiment, the illuminating light is
automatically adjusted in accordance with the state of
a semiconductor wafer 2. An image analyzer 501 forms
a graph indicating the frequency of a luminance value
10 in a region to be inspected of a sensed image of the
semiconductor wafer 2. For example, when the maximum
luminance value (saturated luminance value) of this
graph is 255, the host computer 5 causes an optical
system controller 9 to adjust the illuminating light
15 of an illuminating unit 3, such that the frequency is
a maximum with a luminance value of 180. This light
control is done by adjusting the internal lamp of the
illuminating unit 3 or inserting an appropriate ND
filter into an illuminating optical path. Also, the
20 graph can be formed not only for an entire region to be
inspected as a complete product, but also for a partial
region to be inspected. Consequently, the illuminating
light is adjusted in accordance with the state of an
object to be inspected, so better image sensing results
25 are obtained.

In the present invention as has been described

above, interference observation images can be sensed
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under favored conditions.

The present invention is not limited to the above
embodiments but can be practiced as it is properly
modified without departing from the gist of the

5 invention.
Industrial Applicability

The present invention can provide a defect
detecting apparatus capable of setting to an optimum
state the angle of at least one of an illuminating side

10 and an image sensing side with respect to an object to

be inspected, and capable of treating various objects.
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CLAIMS
1. (amended) A defect detecting apparatus for
extracting a defect from image data obtained by sensing
an image of an object to be inspected, characterized by
5 comprising:
an illuminating unit which irradiates said object
with illumination from a direction of predetermined
angle;
an image sensing unit which senses an image of
10 said object from the direction of predetermined angle;
an angle controller which controls an inclination
angle of at least one of said illuminating unit and
said image sensing unit;
an image processor which senses images of said
15 object while said angle controller changes the
inclination angle of at least one of said illuminating
unit and said image sensing unit and obtains a
relationship between each inclination angle and optical
information corresponding to said each inclination
20 angle; and
a determination unit which determines an image
sensing condition suited to observation in accordance
with the relationship between the inclination angle and
optical information obtained by said image processor,
25 wherein said angle controller sets the inclination
angle of said illuminating unit or said image sensing

unit on the basis of a determination result from said
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5. (amended) A defect detecting apparatus
5 according to claim 1, characterized in that said angle
controller sets different pattern regions on said
object using design information, controls the
inclination angle of at least one of said illuminating
unit and said image sensing unit at the irradiation
10 position set for each set pattern region, and sets the
inclination angle of said illumination unit or said
image sensing unit such that the inclination angle
matches the image sensing condition determined by said

determination unit for each pattern region.
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according to claim 1, characterized in that said

}c
I

illuminating unit comprises a line illumination optical
system which irradiates said object with line

5 illumination, and said image sensing unit comprises a
line sensor camera which senses an image on said object
irradiated with said line illumination optical system
and moves said object relative to said illuminating
unit and said image sensing unit.

10 7. (amended) A defect detecting apparatus
according to claim 1, characterized in that as the
optical information obtained by said image processor,
any statistical technique of an average value, maximum
value, standard deviation, or the like of luminance

15 values of diffracted light received by said image
sensing unit is used.

8. (amended) A defect detecting apparatus
according to claim 1, characterized in that the image
sensing condition is an inclination angle of said

20 illuminating unit or image sensing unit which optimally
senses diffracted light, interference light, or
scattered light.

9. (amended) A defect detecting apparatus
according to claim 1, characterized in that said object

25 is placed on a stage which moves forward and backward,
and said image sensing unit senses images of said

object while changing a moving direction of said stage
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so as to correspond to at least two of different
observation conditions of diffracted light,
interference light, and scattered light from said
object.

5 10. (amended) A defect detecting apparatus
according to claim 1, characterized in that the result
from said determination unit is stored for each type
of said object or for each fabrication step of said
object.

10 11. (amended) A defect detecting apparatus

according to claim 1, characterized in that said
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determination unit determines a position of nth-order
light from a graph representing the relationship
between the inclination angle and optical information
obtained by sald image processor.

5 12. (amended) A defect detecting apparatus
according to claim 1, characterized in that said
determination unit selects, for a plurality of objects,
an optimum graph from a plurality of graphs each
representing the relationship between the inclination

10 angle and optical information obtained by said image
processor and determines a position of nth-order light
from the selected graph.

13. (amended) A defect detecting apparatus
according to claim 1, characterized in that said

15 determination unit determines, for a plurality of
objects, an inclination angle suited to observing
a position of first-order light serving as an average
value or maximum luminance value of the first-order
light in accordance with a graph representing the

20 relationship between the inclination angle and optical
information obtained by said image processor

14. (amended) A defect detecting apparatus
according to claim 1, characterized in that said angle
controller controls an inclination angle of at least

25 one of said illuminating unit and said image sensing
unit within a designated movable range including first-

order light, and said determination unit determines
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a position of the first-order light from a graph
representing the relationship between the inclination
angle and optical information obtained by said image
processor within the movable range.

5 15. (amended) A defect detecting apparatus
according to claim 11, characterized in that said
determination unit sets the inclination angle to
a prestored reference inclination angle when said
determination unit cannot determine the nth-order light

10 in the graph.

16. (amended) A defect detecting apparatus
according to claim 15, characterized in that the
reference inclination angle is an inclination angle
obtained by simulation or a previously set inclination

15 angle.
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17. (amended) A defect detecting apparatus
according to claim 15, characterized in that the
reference inclination angle is an angle shifted about 5
to 10° from a 45° position for obtaining a dark field

5 image when the optical information is diffracted light.

18. (amended) A defect detecting apparatus
according to claim 11, characterized in that an index
for designating an inclination angle is superposed and
displayed on the graph and displayed on a display unit

10 to allow displaying or inputting an inclination angle
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and a pattern pitch value of said object on the same
screen.
19. (amended) A defect detecting apparatus
according to claim 1, characterized in that said
5 determination unit obtains a pitch pattern value,
an order of diffracted light, an image sensing angle,
or an illumination angle by
sinfd - sinfi = mA/p
6 d: the image sensing unit inclination angle,
10 fi: the illuminating unit inclination angle,
m: the order of diffracted light, and
p: the pattern pitch.
20. (amended) A defect detecting apparatus
according to claim 2, characterized in that said object
15 is placed on a rotary stage so that a direction of
the pattern can be changed with respect to a line
illumination direction of said illuminating unit.
21. (amended) A defect detecting apparatus
according to claim 1, characterized in that said
20 illuminating unit uses one of line illumination
for illuminating said object in a line, one-time
illumination for illuminating a whole surface of said

object, and spot illumination for illuminating said

object with a spot.
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22. (amended) A defect detecting apparatus

according to claim 1, characterized in that said

defect detecting apparatus has a function of three-

dimensionally driving said illumination unit or said

5 image sensing unit, and said angle setting controller
three-dimensionally drives said illumination unit or
said image sensing unit to set an inclination angle

having high directivity capable of sensing an image of

diffracted light or interference light.
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characterized by comprising:
an illuminating unit whose incident angle 6
changes with respect to a normal to a surface of
5 an object to be inspected;
an image sensing unit which senses an image of
light reflected by said object illuminated with said
illuminating unit, said image sensing unit has an image
sensing angle 6 changing with respect to the normal;
10 an image analyzer which extracts defect
information from an image of said object sensed by said
image sensing unit;
a determination unit which obtains an interference
angle suited to interference observation on the basis
15 of an observation wavelength and information concerning
a film formed on said object; and
an angle controller which controls an inclination
angle of said illuminating unit sand said image sensing
unit on the basis of the interference angle obtained by
20 said determination unit.

24. (added) A defect detecting apparatus according
to claim 23, characterized in that said determination
unit calculates an optimum interference angle in
accordance with a thickness and refractive index of

25 said film.
25. (added) A defect detecting apparatus according -

to claim 23, characterized in that said determination
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unit obtains an optimum interference angle in
accordance with a relationship of a reflectance to
a thickness of said film.

26. (added) A defect detecting apparatus according
to claim 23, characterized in that an angle correspond-
ing to a range of large reflectances on a graph
representing a relationship of a reflectance to
a thickness of said film is obtained as an optimum
interference angle.

27. (added) A defect detecting apparatus according
to claim 23, characterized in that an optimum
interference angle corresponding to each layer is
obtained in accordance with refractive indices and
thicknesses of each film formed on said object.

28. (added) A defect detecting apparatus
characterized by comprising:

an illuminating unit whose incident angle 8
changes with respect to a normal to a surface of
an object to be inspected;

an image sensing unit which senses an image of
light reflected by said object illuminated with said
illuminating unit, said image sensing unit has an image
sensing angle 6 changing with respect to the normal;

an angle controller which controls said
illuminating unit and said image sensing unit such
that an incident angle to said object is set equal to

an image sensing angle;
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an image processor which causes said image sensing
unit to sense an image while the inclination angle of
said illumination unit and said image sensing unit is
changed by said angle controller, thereby obtains a
relationship of a luminance value to the inclination
angle; and

a determination unit which determines an optimum
interference angle in accordance with the relationship
of the luminance wvalue to the inclination angle, which
is obtained by said image processor,

wherein said angle controller controls the
inclination angle of said illuminating unit and said
image sensing unit on the basis of the interference

angle obtained by said determination unit.



