; €3e$$pVvb6Ttc 2 9 DEC 20p3 1 DEFECT DETECTI ON APPARATUS AND STORAGE MEDI UM

READABLE BY COMPUTER 5 Technical Field The present invention reéates to a
def ect detection apparatus which irradi ates inspection objects dcBE
sem conductor wafer with an illum nating 10 Iight and perforns defect

i nspection based on an image of the Iight fromthe inspection object
storage nmedi umreadable by a conputer, iniwhich a programis store

t 15 For exanple, in a sem conductor nmanufactur \mm“\mwﬁ\“ﬁ\\\(
i on of danage, dust, surface irregularity, dirt
in a sem conductor wafer surfacg,gis @egrferped. 1 Thi§ macro i nspeeission

Background Ar
macro i nspect

conprises: ir
i1lum nating
diffracted |i
i mage- process
surface irreg

radi ati ng the sem conductor wafer surface 20 with an
| ight; picking up i mages of regular reflected Iight,

ght, and sgaidf eekti@M oA RSRRARES RGskup appar at us;

ing the | neggdes anoTdeleEADolEChS GHebuss damage, du
ularity, and dirt in the 25 sem conductor wafer surface.
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FIG

3 is a sthematic diagramof a macro inspection apparatus according to

related art.
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A sem conductor wafer 2 is laid on a stage |, an 29

DEC

nating unit 3 is dlspmeehnmbh&qﬁebydabove t he waf er, and an

i mage pickup unit 4 is disposed in an opposite position with respect to the
unit 3ThethresepbcinventhensealabaduEpopr dafeEL2. In the 5

i on apparatus, when the sem conductor wafer 2 is irradiated
with the .||urﬁl%@@hgom.@wat%%ﬁ%l?tuhﬁtﬁétahasuhntpecth% PhectRage of
I| aé fromthe sem conducto mafeEh ok PiCked ggngy t he i nmage

| 9 ufti FRP RERARgHRr | water Wi tmina
light and performs defect inspection based on an image
of the light from the inspection object, and a stdrage
medium readable by a‘computer, in which a program is
stored.
Background Art

For example, in a semiconductor manufactﬁrihg
process, macro inspection of damage, dust, surface
irregularity, dirt, and the like in a semiconductor
wafer surface is performed. This macro inspection
comprises: irradiating the semiconductor wafer surface
with an illuminating light; picking up images of
regular reflected light, diffracted light, and
scattered light by an image pickup apparatus; and
image-processing the image data to detect defects such
as damage, dust, surface irregularity, and dirt in the
semiconductor wafer surface.

FIG. 3 is a schematic diagram of a macro
inspection apparatus according to related art. A

semiconductor wafer 2 is laid on a stage 1, an

AR
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10 variably set with respect to the sem conductor wafer 2 in order to
detect the diffracted light. In the setting method of the illumgthgyg;

angle, while the sem conductor wafer 2 is irradiated with the illum nating
l'ight fromthe illumnating unit 3; the 15 illum nating angle, that is, the
inclination angle of the illumnating unit 3 with respect to the

sem conductor wafer 2 is varied, for exanple, in a range of +20 to -20.
Subsequently, the inmage of the diffracted Iight fromthe sem conductor
wafer 2 is 20 picked up by the image pickup unit 4, the angle at which

primary diffraciednthabingapnbe sakengiBpbsc@bbpingdelyoabbhe tABgE data,
and the illumnating unit 3 is set to the angle. However, the sem conductor

wafers 2 to beyzBeiNspaat gd inghudgiakuwsf ehitnawhischitpesehapg and
direction of the pattern of a formed chip differ with each type of wafer,

and a wafer inopbbghtehpopitebnokvith~r@sPECt2063tRet helpathetingi hhets. |t
is assuned that these sem conductor wafers 2 are inspected. Then, every
time the type d8f wihbh sespeondtot bthewakmic@ndhatngeswatfhe RBlLI ufinnaheng angl e
is varied, for exanple, in arange 5 of +20 to -20. Wile the picked-up

i mmge daba is mefeprédspectihe appkrabdfisi nghdentbef semdgohndigeporily t aki ng
inthe primary diffracted light has to be obtained to set the inclination
angl e of the iWeaFrnadtiisglignrdisgtedndifhchbei A lugipagingedigbt £Hemi0

i nspection. Moreover, because of a difference of the shape, .direction, or
pitch of the pibeeiplopippéiag pnisr fedard the d8aP€oRduet B thEREEeS  the

angl e of incidence and the_ direction for the im i ck unit t
g ?ig%t %rom the semiconductor waferg% Rs pg%keg up by

the image pickup unit 4, an illuminating angle is
10 variably set with respect to the semiconductor wafer 2
in order to detect the diffracted light.

In the setting method of the illuminating angle,
while the semiconductor wafer 2 is irradiated with the
illuminating light from the illuminating unit 3, the

15 illuminating angle, that is, the inclination angle of
the illuminating unit 3 with respect to the
semiconductor wafer 2 is varied, for example, in a
range of +20° to -20°. Subsequently, the image of the
diffracted light from the semiconductor wafer 2 is

20 picked up by the image pickup unit 4, the angle at
which primary diffracted light can be taken in is
obtained from the iﬁage data, and the illuminating unit
3 is set to the angle.

However, the semiconductor wafers 2 to be

25 inspected include a wafer in which the shape and
direction of the pattern of a formed chip differ with

each type of wafer, and a wafer in which the pitch of



15 satisfactorily take in the diffracted light fromthe pattern on the
sem conductor wafer 2 differ. Therefore, the illuminating unit 39@apE®tzg3
necessarily be set to an angle and direction optinmumfor taking In the
diffracted light. 20 An object of the present invention is to provide a
defect detection apparatus in which illumnating |ight can be set to an
optimum angle to take in diffracted |ight snecessary for perform ng an

i nspection. Another object of the present invention is to 25 provide a
storage nedi um readabl e by a computer, in which a programfor setting the

IITumnating |{gbtpbeckps QPEEUE angteikoakakrehNchAe Ehbbeacted light — ~

9 DEC 20D3 4 necessary for performng the inspection is stored. D sclosure

of Invention AsgqrdbRgutoth@apeesept arBVeRthaRtetiner enka, PEQ¥LJedinedef ect
detection apparatus conprising: an 5 illumnating unit which irradi ates an

i nspection obj egé wWybh 8 thkustnabbAduktebt va@ed anchapgespi ekep unit
whi ch picks up an image of a diffracted light fromthe inspection object to
per form def ect il bspeabt@ngohnyhe iBspeectiedn Gbjreekampds), i trage dahgepi cked
up by the 10 i mage pickup unit, the apparatus further conprising: a
diffractbon angfe+gaf ctd at2@h unittilteo thiwt qoirckete-wgh fifreaet idataangd e of the
illumnating light with respect to the inspection object, which is optinmm
for picking uprefericsdgéoof threadgler aét ddcidghce basedasasfsciesiidy
informati on of the inspection object; and an illumnating setting unit
whi ch sets thetakgng ép thei gehwarys diféractes Aaghighasi £ot Bet he
diffraction ang| e ¢al cul at ed b¥ the diffraction angle calculation unit.
Obtained to set the inclination angle of the
illuminating unit 3, and much time is required for the
10 inspection.
Moreover, because of a difference of the shape,
direction, or pitch of the pattern of the chip formed
in the semiconductor wafer 2, the angle of incidence
and the direction for the image pickup unit to
15 satisfactorily take in the diffracted light from the
pattern on the semiconductor wafer 2 differ.
Therefore, the illuminating unit 3 cannot necessarily
be set to an angle and direction optimum for taking in
the diffracted light.
20 An object of the present invention is to provide a
defect detection apparatus in which illuminating light
can be set to an optimum angle to take in diffracted
light necessary for performing an inspection.
Another object of the presént invention is to
25 provide a storage medium readable by a computer, in

which a program for setting the illuminating light to

the optimum angle to take in the diffracted light



20 Brief Description of Drawings FIG 1 is a diagramshow ng a
configuration of a defect detection apparatus according to an emb@B BEAt 208K
the present invention; FIG 2 is a |lum nance distribution diagram 25
obt ai ned when the angle of an illumnating light is varied in the defect
detection apparatus according to the enbodi nent of the present invention;
and 2 g DEC 2003 5 FIG 3 is a schematig¢ diagramof a macro inspection
apparatus according to a related-art exanple. Best Mde for Carrying Qut
the Invention 5 An enbodi ment of the present invention will be described

herei nafter widdedof£Fenesr 1ot 8B 1198 - i fbfeclids 8sdsagradl showing a
configuration of a defect detection apparatus according to the enbodi nent
of the present invention. In FbGsclostibe s@ngni@ntasponents as those of
FIG 3 are denoted, with the same reference nunerals. The defect detection
appar atus shown i n & 6cordidet ect shdepeesenti thverspent thermsspecti on
objects in which a regular pattern is forned in a substrate surface, such
as a seni conduztavidedes , ddfeanddat gt bssnsabparatesoftoaptiainganah di spl ay
such as a liquid crystal. A sem conductor wafer 2 which is an inspection
object i% |ai diblumirsabiey luniboveicheisragdéatesaani ABaPeFELaR ARDRAG unit
3 and an inmage pickup unit 4 20 including a |line sensor canera are

di sposed. The Withinamailhgnimetingi siahtposed 38 LRageaRiskEPcHPiaxis is

inclined at a predeterm ned angle with respect to th urface of e
sem conduct or WRteR BLCKRJUPrARJFERES PﬁeasgﬁF€6ﬁ8%Sgoilﬂbge%r?ms%Bﬁace
wth a inspection object to perform defect inspection of the
inspection object from image data picked up by the
10 image pickup unit, the apparatus further comprising: a
diffraction angle calculation unit to obtain the
diffraction angle of the illuminating light with
respect to the inspection object, which is optimum for
picking up the image of the diffracted light,'based on
15 design information of the inspection object; and an.
illuminating setting unit which éets the angle of
incidence of the illuminating unit to the diffraction
angle calculated by the diffraction angle calculation
unit.
20 Brief Description of Drawings
FIG. 1 is a diagram showing a configuration of a
defect detection apparatus according to an embodiment
of the present invention;
FIG. 2 is a luminance distribution diagram
25 obtained when the angle of an illuminating light is
varied in the defect detection apparatus according to

the embodiment of the present invention; and



25 linear illumnating light. The image pickup unit 4 is disposed so_that
the optical axis is inclined at the predeterm ned angle with respékﬁ b 40
surface of the 2 9 DEC 2003 6 sem conductor wafer 2, and picks up an
image of diffracted Iight fromthe sem conductor wafer 2 surface generated

by the illumnating fromthe illumnating unit 3 for each line. It is to be
noted that the image 5 pickup unit 4 is fgxed in an inclined state of the
optical axis at the predeterm ned angle. Mreover, the illumnating unit 3

is rotatably disposed so that an inclination angle with respect to the

sem conduct or waf erp2; suj f ace, cadh iga ek Ust 884 @ ps eftedes m ned 10 range,
and can be fixed in a desired position by an electric or nechanical

stopper. A detigddet Pt T Mdrasha ikl i 5o conneld teshitartan i mage pi ckup
unit 4, image display unit 5, stage transfer rotation control unit 6,
optical systemglngiantrol unit 7, illumnating angle control unit 8, and
substrate conveyance unit 9. The optical systemcontrol unit 7 and '
il luminating angl e comgsal Mol f@raaragnimect@®it tithe Hevvdrtimimat i ng unit 3.
‘The stage transfer rotation control unit 6 is connected to the 20 stage 1.
The det ection apparZu usmpad iméodyof0thaspaesentt iovenptiekediit ingevari ous

types of control necessary for automatically setting an angle of incidence
(inclination atepedibed heérehmabiengyDEh dreEefeBRE WP hERRSPERYIRSSt he
sem conductor wafer 2 surface of the illum nating unit 3. The de%egtion

apparatus mai n bodyFi@-sbt35a@ 2h8PEABf SPRYLBENEeCQRGLIIUration ©
defect detection apparatus according to the embodiment
of the present invention. In FIG. 1, the same
10 components as those of FIG. 3 are denoted with the same
referencé numerals. The defect detection apparatus
shown in FIG. 1 detects defects with respect to
inspection objects in which a regular pattern is formed
in a substrate surface, such as a semiconductér wafer,
15 and a glass substrate of a flat panel display such as a
liquid crystal.
A semiconductor wafer 2 which is an inspection
object is laid on a stage 1. Above the stage 1, a
linear illuminating unit 3 and an image pickup unit 4
20 including a line sensor camera are disposed. The
illuminating unit 3 is disposed so that an optical axis
is inclined at a predetermined angle with respect to
the surface of the semiconductor wafer 2, and
irradiates the semiconductor wafer 2 surface with a
25 linear illuminating light. The image pickup unit 4 is
'disposed so that the optical axis is inclined at the

predetermined angle with respect to the surface of the



2'9 DEC 2003 7 illumnating direction of the illumnnating unit 3, which are
opti num for picking up an image of n-di mensional (natural nunber, 218 BEQ,2003
...) diffracted light necessary for perform ng the defect 5 inspection of
the sem conductor wafer 2. In the detection apparatus nmain body 10, a nain
control unit 11 including a conputer (CPU) is connected to a program nenory
12, image nenory 13, input unit 14, outputgunit -15, and inspection result
menory 20. Furthernore, when 10 the program stored in the program nenory 12
is executed, functions of a diffraction angle calculation unit 16,

| um nance di st ¢Lhut. u LN sunizt 317, dild Ly I etdd Nng unit 18,
and def ect ins%gggFgﬁaﬁg?Fglggag?k?'1§E%h§”ﬁ%%bﬁgkgﬁ%#%%f%l%ftan be read by
the main contrgk reRbttdld. 15Qnkhe rBROGhAMIEIRIhdibt A GRIHITOR RAQGRIE
relating to the defect detecCtion is stored conprising: obtaining the angle
of incidence ofehBeaitkldumiynahieng 11ehhawitly rresieathd o lhaisedieenduct or 20
wafer 2 by the fixed image pickup unit 4, which is optimmfor picking up
the i mage of theidi G3f raet eddh ghihe .baged ien tdePegmd i romit aheofintdye

sem conductor wafer 2; and executing a control so as to rotate the

i1l um nati ng upiitk3pt antilte 4diifsf rfdcdeidorirarzyl endAninathgetadfe sifgrdle out put
fromthe image pickup unit 4 is digitized by an A/D converter (not shown),
and the i nage dattacied stdrsec@t nheheratejemueimed ale. 2 MPRRYLR003F e The
input unit 14 has a function of taking in various information such as

desi gn i nf or natildnmdnatia s amiidoridia crotadiarl R difRAsTd 6if £hiteddt er ni ned
dat abase or input, for exanple, using a keyboard or 5 nobuse by an

i nspect or, and 1&dVaIdmgt Rrsil e e G IRARRAAT g | FRhtS FUGRRAUGTIRR t he
illumnpnating unit. 3. It is to be noted that the design information includes
a pattern pitchafedt 2GS F2h &% ";ecrﬁf?n% H%c%e&ses]fmla{hed?t he |ike
of the m conductor wafer 2. .10 The diffracti cal cul.at i unit 16
obt ai nsslt(:ahe an&la@g(?f’ i qeé:eaﬁbé)eoffltmeeéjilﬂ Ui n%?ﬁleg&%cgﬁ&vﬁ hﬂ?’ eés}gect to

t he sem conductgr ; i 1S O0ptd or picking up the imge of the
el \%¥f§ 3% ﬂggﬁgk%ﬁ%&céﬂééﬁ%r

diffracted |ight Tromthe sem con "2 by the image pickup unit 4,

15 based on the deSiﬁ%éﬁﬁ@E{@ﬁi%ﬁa%@ REM COHGYCE OF 1 YREShndctakeroi n

fromthe input unit 14. NMbreover Iffraction angle calculation unit |6

obtains the di fd agtdfn @inghe aintthes desid@dl aissliagnshonad, ditdgacted
light in the diffracted Iights fromthe 20 sem conductor wafer 2. In this

case, the inspeatasfperaiest ide daybest duwit nousepoicihesysparh unit 14 to
set the desired n-dinensional diffracted light. The diffraction angle
cal cul atlison unidontfirdiasural f uhctibhumwinabicgl awghg coetaoylendf 8ncaiwénce of
the substrate conveyance unit 9. The optical system
control unit 7 and illuminating angle control unit 8
are connected to the illuminating unit 3. The stége
transfer rotation control unit 6 is connected to the
20 stage 1.
The detection apparatus main body 10 has a
function of executing various types of control
necessary for automatically setting an angle of
incidence (inclination angle) and illuminating
25 direction with respect to the semiconductor wafer 2

surface of the illuminating unit 3. The detection

apparatus main body 10 sets an angle of incidence and



25 illumnating light corresponding to the optimumdiffraction angle with
respect to the sem conductor wafer 2 whose inmage is picked up by figepgcragns
pi ckup unit 4 as described above. Concretely, for exanple, the primary
diffraction angle can be 2 9 DEC 2003 9 obtained by cal cul ation of the
foll owi ng equation (1). That is, assumng that the diffraction angle is 8d,

the angle of incidence of the illumnating light is 6i, a diffraction order
is m the pattern pitch of the 5 sem conductor wafer 2 is p, and the
wavel ength of the illumnating light is (err), the follow ng equation

Lﬁ??' &Z;CZi E‘Sfaﬂagmmamgaﬁaﬁﬁcaéal%iﬁ»%“%ed‘ it 3%%%%?%%%@3& Pt Séf‘? on’

. A | 1

%) e ror cTFL AR ACPEBHAE, ShESPPRRISa POk bR SO R,
pl ane lattice Jg_égﬁéﬁgiggaln@ﬁgguggéanﬁmgﬁg n§?5|9na& erlpd structure

satisfies the followng condition { 27" Ki': conponent

parallel to a &ﬁ%?kﬁ@t@&aﬂﬁ g/t ﬁe&@¥§a99”¥8£ ﬁSEEBEmEh othkhgeirpeident
light 20 (illumnating ligh ? . component parall ?o the lattice plane

of a wave nunbﬁﬁspéét%anfOEhéhgeﬁlhééhaﬁbﬁgﬂ wgherQ inygregd lattice
vector of the plane |attice Here, when the pl ane lattice is linited to a

one25 di nensi oasketatibhceppandtap machdpoag so;facraia aopkase uattical to
a length direction of the lattice, the equation (2) turns to the follow ng:
2 9 DEC 2~3 11 including a computer (CPU) is connected to a program
memory 12, image memory 13, input unit 14, output unit
15, and inspection result memory 20. Furthermore, when
10 the program stored in the program memory 12 is
executed, functions of a diffraction angle calculation
unit 16, luminance distribution calculation unit 17,
illuminating setting unit 18, and defect inspection
unit 19 work. |
15 The pfogram memory 12 can be read by the main
control unit 11. 1In the program memory 12, a control
program relating to the defect detection is stored
comprising: obtaining the angle of incidence of the
illuminating light with respect to the semiconductor
20 wafer 2 by the fixed image pickup unit 4, which is
optimum for picking up the image of the diffracted
light, based on design information of the semiconductor
wafer 2; and executing a control so as to rotate the
illuminating unit 3 to the diffraction angle. An image
25 signal output from the image pickup unit 4 is digitized
by an A/D converter (not shown), and the image data is

stored in the image memory 13.



to ndkGsi n6d = ni kGCsin6i +nK ... (3), ni: refractive index on the incidence
side, nd: refractive index on the diffraction side, 6i: angle of igiDENQsE3
6d: diffraction angle, 5 wherein: kO = 2Q,0, ~,0: wavelength of the |ight
(in vacuunm) ; K= 2Qp, p: period of lattice (pattern pitch); m
diffraction order; 10 nd = ni =1, and thé equation (3) turns to the
follow ng: sin6d-sin6i = m-,/p. Wien the angle of incidence of the
illumnating unit 3 is varied, for exanple, in a range of +20 to 15 -20,

the |uminance distrithé itePUtaldditatidonagia HHRGTdREs Athd akidge dat a
obtained by the inmage pickup in the i e pickup unit 4 fromt I mage
nmenory 13, yandVGEtLQi%ﬁslg OZ &Py Ehﬁcgaa%‘ée%&isé'lg% BRECSRAGER Pds f&& gt o the

angl e of incidence of the illumnating.lig 20 _sha in. Fl.G .. 2 fromthe
i mage data. Th&SFHCORMAMSPRg ™ g:at ikg l%‘l‘ﬁutt %ﬁgogeﬁd?%%cegr%%nﬁ %or setting

t he angl e of ingi f_ t.he il wn natj ni r.r [ an

m di mensi onal g%?:fq‘%%%% %ﬁf -éﬁgﬁug’c;f{ggul%g{ag%%y 'Elr?eelngllofa’f ra tl%%nrqgr?t&loe

cal cul atkon 25 [ ts i i nat| id 8 via the
out put ulF:l’i t 15?“8%5%&%)3’?:3?1 _tlh%gélﬁﬁt&%’ng‘ttn: n% S}étg}telqr?gl%{}tnhlr ;yfl_;swco_rrpar es the
actual Ium nanﬁql%hﬁwda%g qu:g‘?&t SO AR e iNARGS S RiHiltors,

cal cul ation unit 2 9 DEC 2~3 11 17 'with the diffraction angle cal cul ated
by the diffraction ang eLAREAHIIT WHd ddbi@nd @S an anghala a

| um nance peak in the |Ium nance distribution ich agrees with or is

cl osest to this gidffdeast ighrtdh,and fl s drivee digftrtaadn athangl e€1 Ihhe
illumnating setting unit 18 sends a command for setting the angle of

i nci dence of tHhiiddnessatandy thd t1ikd o f Ehsaeriahdidfonctaiar ghgle to

the illumnating angle control unit 8 via the output unit 15. 10 In
accordad®e with the Thestdififaet fommndke i¢alenlation weitihy eptaing; the
illumnating angle control unit 8 rotates the illumnating unit 3 so as to

obtain the dif il el elspkdenas fofF Hie ki Rguihathiang Wit
diffracted light in the inmage pickup unit 4 15 and sets, the, anc()gflfe, of
i nci dence wit h 58SRset §Q e UM CRRRREDT Wafer 2. Wibkbvid | OR gnum

illumnating angle control unit 8 and stage tr%ﬂgg r_rotatjon coptrol unit
6 al so have a f tF?Jocﬁ(:'d?giUrﬁ eﬁ?%l*vgi‘%t%fitr@et , ﬁ?%ﬁﬁcﬁa‘h%@t T3 in a
parallel state with the 20.sem conduct fer 2. v gﬁ-‘ 1 congluct or
hafor 2 and tudt MRS GRNTTSCWaryl e o dfY eEiT oHTIC upi R R 018"
Sem Congléctor ?&?afseédgpﬁ%ﬁé r gl r?djhff‘f#hwfoﬁ'é?”%ﬁétéé}giééﬂmct t Isto
be noted that instead, of varying the direction for irradiating the
semi conduct or  Waf &Ly 2 26, Wi hi g herdh | i natbeg bhght1 by therédian] nghéng
angle control unit 8, the stage transfer rotation control unit 6 rotates
the stage 1, angiffieadti®etaplé ncyhé€hatién unit 16 obtains the
diffraction angle of the desired in-dimensional
diffracted light in the diffracted lights from the
20 semiconductor wafer 2. In this case, the inspector
operates the keyboard or mouse of the input unit 14 to
set the desired #n-dimensional diffracted light.
The diffraction angle calculation unit 16 has a
function of calculating the angle of incidence of the
25 illuminating light corresponding to the optimum

diffraction angle with respect to the semiconductor

wafer 2 whose image is picked up by the image pickup

unit 4 as described above. Concretely, for example,

the primary diffraction angle can be



~ 9 DEC 2003 12 semiconductor wafer 2 is irradiated with the illumppat in
i ght may al so two-dinensionally be varied. After setting the illu %éﬁﬁn3m3
unit 3 to the angle of incidence with respect to the sem conductor wafer 2
5 so that the optimumdiffracted light is taken into the inmage pickup unit
4, the defect inspection unit 19 reads the imge data obtai ned by the inmage
pi ckup in the image pickup unit 4 fromthe i mage nenory 13, and

i mge- processes the imge data to detect the defects 10 such as the damage,
dust, surface irregularity, and dirt in the surface of the sem conduct or

wafer 2. The ifisPeGld Py e@ﬂém%@/ s éﬂé’@élid@%d*fﬁ@é‘c'éﬁh(f‘ﬁ a type,

nunber, position, and area of the defects detected defect 1'nspection

unit 19. The irtmge {5 dspl@hdnitat hephaysrddesnfHdmd i on glichas the
type, nunber, position, and area of the defects detected by the defect

i nspection unidnd dJdheirstagendd ansfEie 01 Bl Dila €00 I Dlghni is B oves the
stage 1 on which the sem conductor wafer 2 is laid 20 in one direction (X
direction) at difftadt symodu e zesl my tthé heat tege pledupof ntlide i mage

pi ckup unit 4, and also controls the rotating and positioning of the stage
1. To rdiate tsmnsmmaorithctwafemf2ri?, pt hendtdge wavesathdticanf atlse be
rotated, but it is preferable to 25 dispose a rotary stage on which the
sem conduct or Wefwrimating olbeht alisl bn the Sebbewingoscbiibien ong one axi s
and to rotate the rotary stage. 2 9 DEC 2003 13 The optical system
control unit 7eYut¥dIs the |ight amount of the illumnating unit 3, and
executes a control to jnsert_an interference filter (not shown) in
acquiring an interf&tePeestige @il luminating 5 anftle: control unit 8

curt ace of |thelRT | bt FERT hECANTRS 51 o SABBRAES 1 P Lhet PrStTGRIFERSof & he-
mein oy rol upd Iope dgaeriBed APoUs- odbg:SUpRLr gleseopugyance unit 9
angle 64.

It is to be noted that the above equation (1) is
derived as follows. For diffraction conditions, the
diffracted light generated from_a'plane lattiée

15 (pattern) including a two-dimensional period structure
satisfies the following condition.

Kq' = +Ki'G .. (2)

Ki’: component parallel to a lattice plane of a

wave number vector Kj of the incident light

20 (illuminating light) |

Kq’': component parallel to the lattice plane of a

wave number vector Kq of the diffracted light

G: inverted lattice vector 6f the plane lattice
Here, when the plane lattice is limited to a one-

25 dimensional lattice, and an incidence surface is a

plane vertical to a length direction of the lattice,

the equation (2) turns to the following:



10 wafers 2 one by one froma storage stacker (cassette) (not shown) to |ay
the wafer on the stage d, and returns the sem conductor wafer 2 ong@®EC 2003
stage 1 into the stacker after the defect inspection. Operation of the
defect detection apparatus 15 configured as described above will be

descri bed hereinafter. First, the substrat@ conveyance unit 9 renoves the
sem conductor wafer 2 which is the inspection object fromthe stacker (not
shown), and conveys and |l ays the wafer onto the stage 1. 20 Subsequently,

t he stage transfer r td ant.r, o, ositions t stage 1 on which
; (B0 A B0 ot Hel e Slng”

the sem conductor wa | ai ter, the followi'ng defect
i nspection nmethod is,execi ygggy{faﬁgxéptghérghé%ggﬁggug@a@; fer 2. 25
thod w e de

A first defect inspec%ion me scribed. First, the method

conprises: taking thesghesiaivd fidmtdond dher sent condiicdor awfer 2, such
2: 9 DEC 2003 14 as the pattern pitch, reflectance, pattern shape, and film

thi ckness of the sem@ndust oinyed&ice, &d diher vevel @ngdyxd, the
illumnating light output fromtheé illummnating unit 3 into the-detection

apparatus main 5 bodyhdfeima the input unit 14 froma predeterm ned

dat abase or by the operation of the keyboard or nouse by the inspector.
Thi s design informtker=o2Qtheg e coankicdrogtivadertife i kigtent (i t he
diffraction angle calculation unit 16. 10 The main control unit 11 reads
the programin the program nenoryagd@umbhd instructs the diffraction angle
calculation unit 16, illum nating setting unit 18, and defect inspection
unit 19 to operate. ¥he 4@fPraetiperbegl ef chathiaei dpatiberniBikahedl at es
the equation (1) 15 based _on the design infornmation of the sem conduct or
wafer 2 taken in frdﬁitﬁéffﬁﬁﬂFlﬂﬁi?rgﬁ¥;and obtains the angle of incidence
and illymnating direction of ihe illumnating light with respect to the
sem conduct or wafer 2d Whi*éh~are opti mum for picking up the inmage 20 of the

primary diffract e{ﬁgh%%£%€£1%2f3fg@%ﬁggg§gpgﬁeM@gfiogig :the i mge pickup

e
unit 4. For exdﬁﬁg . W m conductor waféer 2 in which

patterns such as DRAy_LLﬁ?%_gfg%ﬂ a_rlr;{;r@granged, the diffraction angle
rforns al'cu

cal cul ation unit.16.pe he ¢ 1ation 25 corresponding to a
narrowest pattern pikgBn MEeQMEle of incidence of the illuminating

unit 3 is varied, for example, in a range of +20° to
15 -20°, the iuminance distribution calculation unit 17

reads the image data obtained by the image pickup in

the image pickup unit 4 from the imagé memory 13, and

obtains an actuai luminance distributionlwith respect

to the angle of incidence of the illuminating light
20 shown in FIG. 2 from the image data.

The illuminating setting unit 18 sends a command
for setting'the angle of incidence of the illuminating
unit 3 corresponding to an m-dimensional diffraction
angle calculated by the diffraction angle calculation

25 unit 16 to the illuminating angle control unit 8 via
the output unit 15. Moreover, the illuminating setting -

unit 18 compares the actual luminance distribution

obtained by the luminance distribution calculation unit



with respect to the semiconductor wafer 2 in which the patterhs such as LS
are irreqgqularly arranged, the 2,9 DEC 2003 15 diffraction an@leeDEC 2003
calculation unit 16 perfornms the cal culation corresponding to the pattern

pitch at which a broad inspection is possible. Next, the illumnating
setting unit 18 receives 5 the angle of incidence corresponding to the m
di nensi onal diffraction angle cal cul at ed the diffraction angle

cal culation unit 16, and sends the command of the angle of incidence to the
illumnating angle control unit 8 via the output unit 15. Thereby, 10 the

il i ti It i t ;to-the_i t d | f.i i by th
i vimg o Chelt v ERRaRE At SR e LER: PR e p e Tafea PE EREST MY there is
Y g o ng . or ami s n > vess
o Contict of MaRFcEAgELAR ShAFOSC2NRU BLISE! LA Pe) TRAT BEERERS ani
| trol HRkte8oi t peci L wyionat i ILE 3l
T oSt ot Hhble SoEnhoOthun e BLER LHCche! MIWIALKRO HILL SelRbRe
2, or rotates %Hﬁcﬁtagﬁéeénﬂiﬂﬁrbgsilh@lQEE@EtEBPtB%si&F%@%%E%ibﬁe

sem conductor 20 wafer 2 with. the illum nating |ight. Is state, the

i I'1uninasing |hgbleiésoﬂhéuaiffﬁabtbﬁnihhﬁﬂ%ﬂatﬁﬂg Ul hn3ndRdaEy the control
of the optical systemcontrol unit 7 by the instruction of the main control

unit 11. Then, stheisgnunnodust senddf er c8mrands fokr adiating whithahbge
illumnating light with the optimum angle of. incidence and illum nating
direction to takeinnidhecar dEnthsi ohalmdhbatiagt ediki ghtogener akaddchgdt he
pattern of the chip fornmed in the sem conductor 2 9 DEC 2003 16 wafer 2
or the differeftéfoacthenppnghe to thet dlbomhobednyghahgflenecadodt nent is
soneti mes necessary for the angle of incidence of the illumnating unit 3
autonmatical |y $Btth§ HhaeEhsroBEPWEeHnihelfanuf actured 5 semi conduct or
wafer 2 and design infornmation as descri bed above. In this case, the
inspectb& sends t he IPoRFERIIBRCENYLLPnERSIRSTRESE10E EFeM [themi nati ng

apal o cont ol uitinSplEPIL! BECLIRE WOL 31 R WRSSUBK AL S
(D {nstuct s oBgRYcLey s LUATBERLeL 0% L USANALLARARBLE, £O L2 Ui, ©
o conuctor, 8L SinZih BLSCELeyBo sl BROSRRRCIE WLk MO
digitized by thRafeDogoBKEr ek rLABt8NPWEht 3R tHLOARAge pickup unit 4
15 and sets the angle of incidence with respect to the
semiconductor wafer 2. Moreover, the illuminating angle
‘control unit 8 and stage transfer rotation control unit
6 also have a function of integrally rotating the
illuminating unit 3 in a parallel state with the
20 semiconductor wafer 2 above the semiconductor wafer 2
and two-dimensionally varying a direction in which the
semiconductor wafer 2 is irradiated with the illuminat-
ing light. It is to be noted that instead of varying
the direction for irradiatiné the semiconductor wafer 2
25 with the illuminating light by the illuminating angle
control unit 8, the stage transfer rotation control unit

6 rotates the stage 1, and the direction in which the



as the inmage data in the image nenory 13 of the detection appar, #Ecm@¥1
body 10. The defect inspection unit 19 reads the image data 20°* I by
the i mage pickup of the inmage pickup unit 4 fromthe i nage nenory 13,

i mge- processes the imge data, and detects the defects such as the damage,
dust, surface irregularity, and dirt in the surface of the sem conductor
wafer 2. The defect inspection unit 19 25 stores the information of the
detected defect in the inspection result nmenory 20, and displays the
information in the imge display unit 5. Z 9 DEC 2pp3 17 Next, a second

[ ti t WL | d ibed. .First, .th th 1 . _taki

he. desi on | nf BFeE PBRUGEOPRESERR CoABuLLGPUIATER 21 CEuERS AL IR PAET or 1
itch, reflectapge; ;patt 5 _filmthick £ th

Cem conauct or safor 07 A0, RTS8 ouPTRiRabir ChRd i PanPaLeHy 1 i gt out put

f the illum nati [ Is ; [ .at in b 10 vi

the | nput uni T 14§ FatrhE RFaag ST AGd Ararasd Siny I ke Sher SRR of

the keyboard oprmpHs€qsAchYwE bE EQ§BS§F?FPaIHESsQﬁ%%ﬁHthEBE”@%EQ? of the

sem conductor wafer 2 is sent to the ction angle calculation unit 16.
The nmainscontreb dhht ther 8a€$mbRedRE@GRAREHN1EBRLPLAUFARLABRREY R and
instructs the diffraction angle 15 cal culaticon unit 16, |um nance

di stribution cahagkapieRupnuhit74,i thenrgag&eicngisgpkichdodnihit8ioand def ect

i nspection unit 19 to operate. The diffraction angle calculation unit 16
cal cul ates therabdsetbquambge (ifat obthtiaked bletaeglieagt phekdence and

i nci dence 20 direction of the illumnating |light with respect to the

sem conduct or ®hkeimagewhickuar enopt Anfimohothpi chiegg mpmbhe iLBrgendl t he
primary diffracted Iight fromthe sem conductor wafer 2 by the inmage pickup
unit 4, based dhagRePgeSERgaeEntbenmampgr dbtehsosdeteotidibeodefates 2

10 such as the damage, dust, surface irregularity, and
dirt in the surface of the semiconductor wafer 2. The
inspection result memory 20 stores information such as
a type, number, position/ and area of the defects
detected by the defect inspection unit 19. Tﬁe image

15 display unit 5 displays the information such as the
type, number, pdsition, and area of the defects
"detected by the defect inspection unit 19.

The stage transfer rotation control unit 6 moves
the stage 1 on which the semiconductor wafer 2 is laid

20 in one direction (X direction) at a pitch synchronized
with the image pickup in the image pickup unit 4, and
also controls the rotating and positioning of the stage
1. To rotate the semiconductor wafer 2, the stage 1
itself can also be rotated, but it is preferable to

25 dispose a rotary stage on which the semiconductor wafer
2 is to be laid on the stage 1 movable along one axis

and to rotate the rotary stage.



25 taken in fromthe input unit 14. Next, the main control uniﬁgléEéiﬁggf a
comand for varying the angle of incidence of the illum nating ) :
Zpp3 is unit 3, for exanple, in a range of +20 to -20 to the illum nating
angle control unit 8 via the output unit 15. Thereby, by the driving of the
illumnating angle control unit 8, the angle of incidence of the 5 _
illTumnating light with which the surface gf the sem conductor wafer 2 is
irradiated fromthe illumnating unit 3 i $3varied in the range of +20 to
-20. At this time, the image pickup unit 4 picks up the imge of the
diffracted light fr the 10 sem conductor, wafer 2, and outputs the inage

signal . The inage sighal®R% RlgisySish WQ%W@%n&&qr&rq%tt%om), and
i n body 10, REBT PREUFNCHaRE diotPHBRG dliculi (B GRACHES P reads
varied in the canss ok g, 61 R T snr o R ot e Tonory
of i nct dence of The A AT g 26 Siten e i - Hga SRR e shown T

FIG 2. Bext, thelel ldgmtnahi nghisets g tils 1§, (e 4 *‘_L%&%elifé

. e .
| um nance distribution obtained by the | um nance distribution calculation

unit 17 with thetangespecd N dorce &aleaiad dydns ¢ ffragtionangl e 25
calculation unit 16, and selects the angle of the |um nance peak I1n the
| um nance di st thleutildmmiiiatiing unit 3 in response to the instruction
of the main control unit 11 as described above. The
substrate conveyance unit 9 takes the semiconductor
10 wafers 2 one by one from a storage stacker (caésette)
(not shown) to lay the wafer on the stage ‘1, and
returns the semiconductor wafer 2 on the stage 1 into
the stacker after the defect inspection.
Operation of the defect detection apparafus
15 configured.as described above will be described
hereinafter. First, the substrate conveyance unit 9
removes the semiconductor wafer 2 which is the
inspection object from the stacker (not shown), and
conveys and lays the wafer onto the stage 1.
20 Subsequently, the stage transfer rotation control unit
6 positions the stage 1 on which the semiconductor
wafer 2 is laid. Thereafter, the following defect
inspection method is executed with respect to the
semiconductor wafer 2.
25 A first defect inspection method will be
described. First, the method comprises: taking the

design information of the semiconductor wafer 2, such



agrees with or is closest to this angle of incidence as 29 C_2003 19
the diffraction angle. The illumnating setting unit 18 sends 1% DEG A3 d
for setting the angle of incidence of the illumnating unit 3 correspondi ng
to the selected diffraction angle to the illuminating angle 5 control unit
8 via the output unit 15. Thereby, the angle of incidence of the
illumnating unit 3 is set to the diffraﬁﬁton angle instructed by the
driving of the illumnating angle control"unit 8. In this case, if there is
the instruction of the two-dinensional 10 direction to irradiate the

sem conductor wafer 2 with the illumnating light, the illumnating angle
control unit Sa?nf&ﬁu%%%?e?%t%&%%hthﬁe $%ﬂ§%%€in@a5€¢{n3s$%p?hea% ral | el
state with the:sem conduct or fer 2 above the sem condugctor fer 2, or
rotates the stfalg]'gmlt hd %SV a? etgh? h%e%}?%%%‘il%ﬁo’fow?f‘?]édgat%n hehe

sem conduct or i thet [ ] | | In.this_stat t he
illTumnating l1g %I?ég%%tgﬁtpf?o%i#ﬂépﬁé#gﬁgn%ggnﬁ %%F u Eﬁ%%rg?ﬁe control
of the optical; rol:ungt. Yyt heyi i h . [rai n
- control unit 1ifyT gﬂ%E?ﬁ% @%ﬁ?c%nlu%$o$ﬂ€a?%?§ £¥§£i$$%%$% %% ﬁg% t he
i11um nading Iy ¥ tHishenopihgum ot €1 of i a1 depreaapdrht hugi nati ng
direction to take in the diffracted Iight generated by the pattern of the
chip formed i nd4dtebsesi spneyictvs it 2orSo Br thbexdihberanse pbutbe pitch
It is to be noted that the tine adjustnent is sonetines necessary for the
angl e of incidepcehefifisieectdm nphisogdedidn3inpbonaticenl by sgeé by the
error 2 9 DEC ~ 20 between the manufactured sem conductor wafer 2 and
desi gn i nf or mesémhcasddescr i befleabdves $enthts thsediffeachsprcanglseends
the conmmand of the fine adjustnent to the illum nating angle control unit 8
fromthe inputcalgalatianvumithkbout put unit 15. Thereby, the angle of the-
illumnating unit 3 is adjusted in_response to the instruction by the
drivingt®f the illukRfalphy &ABFECEORREBI linreads the pragsasf inhshe
diffracted light or interference 10 Iight fromthe sem conductor wafer 2 is

pi cked up by tRECTHAPSPICkYip! tini 809, 1BRETPRES| FR§edsf §RAFELSN0ARBLE from
the i i ck it,.4. The,] I | is.digitized by t A/ D t
(ot shown) s &Pk sten Uk Tiaott BhRtne hi s hESRe vlnoby 65 8RS he 15,
det ecti i 0. T i ti .19 ds th
‘mge dara obtaeEege TP PRECE od Sunbo It ERboRREPEL  ABe BB EAPEERNT o

Ho oot o0c OnMokdg TS A IBACARIORPAAEE 18CcaTBARaLaEArnaNdqHRLERhS (11, |0

defects such as e damage, dust, surface irregulari

surface of thepsesi CONNERLOH YRERT i R0 FRSE d6hest Eﬂépsgﬁ&eenapkto%9 stores
the information of the detected defect in the inspection result nenory 20,

and di splays thefénforoakeanihnfibe tHBgenghsphaytunil &nd28ptRihBe first
and second i nspection methods, the diffraction angle calculation unit 16
obt ai ns t he optheuanghgl efointhdédeacendndliilihiinbhahgngidecedbhonfof the
illumnpnating unit 3 for :
the illuminating light with respect to the semiconduc-
tor wafer 2, which are optimum for picking up the image
20 of the primary diffracted light from the semiconductor
wafer 2 by the image pickup unit 4. For example, with
respect to the semiconductor wafer 2 in which patterns
such as DRAM are regularly arranged, the diffraction
angle calculation unit 16 performs the calculation
| '25 corresponding to a narrowest pattern pitch. Moreover,

with respect to the semiconductor wafer 2 in which the

patterns such as LSI are irregularly arranged, the



2. 9 DEC ~g 21 picking up the image of the diffracted |ight based on the
design information of the seniconductor wafer 2. However, when 29 UECa2003:d
lights other than the diffracted |ight obtained by setting the
automatically 5 set diffraction angle are easily observed dependi ng on the
type of the sem conductor wafer 2, the inspector operates the keyboard or
nouse in the input unit 14 to designate the desired n-di nensional
diffracted light to the effect.. Thereby, the diffraction angle cal cul ation
10 unit 16 obtdd ASrddiei ORt ANYIE B €udhti bRl Qﬁﬂ%elénﬁekkbyﬁb”% ng
direction of the illumnating unit 3 for picking up the imge of the

desi gnat ed n- diabnslainbbn dtdtraspeddinghtoberedpaatbhs geskanatnf;pL BRI ON
of the sem conductor wafer 2. 15 Moreover, in tﬁe chip pattern formed in

t he seni conduca drraowd ein@pewbich haspbwsidieections, the diffraction angle
calculation unit 1.6 can obtain the angle of incidence and illum nating
direction of the ilNewtpathagilihimiBawinh whicthntyhendif igaetedikieght s of 20
the respective chips can both be observed by the image pickup unit 4 in
bot h di recti onsh®aar@lencf hendedéynei aboresponding thetsemneonduct or waf er
2. In this case, the image of the diffracted |ight generated by the

i 1l um nating |¢Jdmn%m%®f f:bhreaakion anglmi maltngatbadtbg whech has been
set. is pickeddggggg t he inage pi ckup unit 4. The inmage data is

i magepr ocesse Fet R R RspREEL AL LA URDL ARd BRE gendst Ehef each

chip such as t ~+. 9 C 2003, 22 damge, dust, surface_irreqgularity, and
dirt can be dégg%?%QFi%ft e saRFESnAhictBrLGaRER SostiffadélBPiRABLRAI p

tt whi ch i ti . oM , int i duct- f 2
pattern witch B d e kst are, oW gores, oLhoLle, SER GONOUELOL BTe 2

| cul atd el : .1 h Lf | le. i h_| b d
caleul agon unvie 1015 gt s bRy e (LT LEpCLoDRnOLgLOERR ABIE! oo

cal cul ating tf&fEﬂﬁ&fﬁéﬁcéh@ydfﬁéréfi€9n%L8?tt$¥r§ﬂlhﬁﬁh2€9ﬁ§ ?Bg?elo

substrate of the sem conductor wafer 2 e di action ang s®cal cul at ed

with respect teodtwodidhiacged thobhigengsal edesbyntbg igf hyence of the
surface |l ayer, and the inmage can be picked up. Furthernore, the stage
transfer rotatimstoortioh dF thettBocaimexecuhalr @t abbenogopbrol toget her
with transfer control of the stage 1 as described above. For the rotation
control of thelsradkate the semicohdistexesafed Rnwaecrotdance with the
direction of the pattern of the semi conductor wafer 2 which is the 20

i nspecti®dn objektunimting hbigkhi cohdutl bumiméeing anglacechsrbir adiat ed
with the linear jillumnating light fromthe illumnating unit 3, and the
stage 1 is noveditreeral hgaFobrtest fon iXlunipating)unih Bhis thee, it is
soneti nmes inpossi%ﬂfeto gick ur the image 25 of the diffracted |ight
dependi ng on tHEFHrTectT oAVt He phet FRiepPnEneteEnvaEAEUSt BPOWAT ERe2. For

exanple, when the; dLGelion Qleihe,pafiern, crosses 2k, 9. Mth 4
varies the direction to irradiate the semiconductor
20  wafer 2 with the illuminating light.

In this state, the illuminating light is output
from the illuminating unit 3 under the control of the
optical system control unit 7 by the instruction of the
main control unit 11. Then, the semiconductor wafer 2

25 is irradiated with the illuminating light with the

optimum angle of incidence and illuminating direction

to take in the m-dimensional diffracted light generated

by the pattern of the chip formed in the semiconductor



~~9 DEC 2003 23 respect to a line direction of the illumnating light, the
i mge-of the diffracted |ight cannot be picked up. In this cased 9t DEC $003ge
transfer rotation control unit 6 controls the rotation of the stage 1, and

rotates the 5 stage 1, for exanple, by 90 with respect to a vertical line

. of the center. Thereby, since the direction of the pattern of the
sem conductor wafer 2 is the sane as the line direction of the illum nating
light, the image of the diffracted |ight @n be pi cked up. 10 Additionally,
the illum nating angle control unit 8 can three-dinensionally control the
inclination angle of the illumnating unit 3 with respect to the
seni conduct or W&feF 2 Qhrtaredifherpecansletieseitelrd ehbolif nERtPesince the
inclination an&ée $f t he %5 illymnating unit 3 with resgect to the
sem conduct or BRAFEY BP_briiRe #4IvSENeRhehsi SRR FIMEBRPORFRATY 1 HRY i mage of

he diff d_ligh . il i d. i hi gh,, di i vi
e 0TIy act edel ol PETAPY RERSSALI LY B PLEKSH, wBLRga gy ol rect Vit
operated, the Lipge.pl-Lhe diffracted Lioht Davi0g,achlohest directyvity

pi cked up Tn accordance wth the pattern of the sem conductor wafer
2. Theredy, th ehﬂ@&ﬁdﬁété?ewgféirgcéﬁﬁ &%99§n09§g95m9t§5ﬁda5p fromthe
pattern whi ch has not been captured only by two I mensional ly

control ling thge.kasihaat b8vand! en MEgo¥gEe, ¥RE YHSPeLPErSLaAGst £REST er
rotation control unit 6 controls and three-dinensionally rocks the stage

2 9 DEC 2003 24odmhngteadtpé thheeadhiiBbmbAnatbytaentiolihiAGtEAE
illumnating unit 3, the simlar effect can be obtai ned. Mrreover, the

illum nating uahyld cantbelappited Srbm oht onputtheikr Ladizaki eRewi th the
linear illumnating light but also the irradiation with a radi al

illum nating | oghputlnnihi $5cas@hetrhbyyathal anblenpflathegillighinasing
converted to the line shape inthe lens. 10 It is to be noted that in the
above- de8cri bednpEedehs agivdimenint hespenseohduther inatenceipnasbpeen
descri bed as the inspection obLect but the present defect _detection
apparatus can AP8odBévapgl PEdLhEol LekmiBRE IngoanAedEPBELOLNEBEEL Bon of the
damage, dust, 15 surgace irregularity, and dirt .in_a glass substrate
surface of a flat dff SléVagﬁc%fa§h§ ﬁﬂééF&CEFQSQ&Hh&igﬁlé?ﬁeﬂgeﬁé§€ﬁibed

b o h . nbodi . th hod i " i ni h I
oF 1 mei dence of 198t RESTT Ll RBILAGRRRERD Eae SFopat: PAGKERe CBelYconducsor
f 2, which,_j i f i.cki he, i f t i f.f
IToht .~ based She BRELPY CRbRT RSk fon o Ehe " SRoRonadled, RaPBFBSt (o o
the patisrn pikehn £ob! $RLAACE1RAL! GHA SNAPCTANGLblMsag Ll gkness of the
wafer 2, or th u

sem conduct or e wavel ength of the il nati'ng |ight out put

fromthe illungngiithdednbly 3he AN® $8hikeREcrhqnaRdls®odh), and BEGré@09 25
incidence or illumnating direction of the illumnating unit 3 to the

cal cul ated angke 6hel AfiadendataTher ehy, ibageexmplry, 18VeF When the angl e
and direction to take in the primary diffracted |ight change because of the
detection apparatus main body 10.
The defect inspection unit 19 reads the imagé data
20 obtained by the image pickup of the image pickup unit 4
from the image memory 13, image-processes the image
data, and detects the defects such as the damage, dust,
surface irregularity, and dirt in the surface of the
semiconductor wafer 2. The.defect inspection unit 19
25 stores the information of the detected defect in the

inspection result memory 20, and displays the

information in the image display unit 5.



5 pattern of the chip fornmed in the sem conductor wafer 2 or the gifference
of the pattern design of the pitch, the illumnating unit 3 can 29 DEC 2003
automatically be set to the opti numangle of incidence and illum nating
direction for taking in the primary diffracted light, and nuch 10 tine is
not required in the inspection. Mreover, when the other n-dinensional
diffracted lights are nore easily observed depending on the type of the

sem conductor wafer 2, the desired n-dimedsional diffraction data is
designated by the input unit 14, 15 and thereby the angle of incidence of
the illumnating unit 3 and direction optinmmfor picking up the imge of
the diffracted |ightNeth e sttehihethireeion nehedsiighl ilnd or mati on of the
sem conductor wafer 2. Furthernore, with respect to the chip pattern 20
formed in the SEATCIRALt orf MeFler Ghe P haonmpl /5 ectaloig the angl e of
i nci dence and djrecti o.anffof the illumnating unit 3 can be_ obtained based on

the design i nf &5t U 18k Yo ridir (M AgangUIt Qo WHERT the $4¢H r act ed
lights of the respective chips of the 25 opposite directions can both be
observed. Addi taiso@q ﬁaefttr?engcﬁﬂ%ﬁh'l urft ‘gﬂb‘?%'t Rt §oh JHREne by t he
| um nance di strd.byti | cul ati unit . 2 C 2 2617 is conpared
with t he%di ff rafcjtqi%nt%aqncg neescsalocijﬁg}eedswcﬁ%glbq%ﬁ a"g%?%ﬁ %mg‘-frégc%n@ggl ation
unit 16, the a j Toxc! i 4 : ' ce distribution

whi ch agrees w%‘ﬁeolqus@gldo%gs}{@[&ol]tl}qtl?lgrﬁdéij}# %ﬁ%ﬁ%%‘:i fon eiected as
the diffraction angliha ity 4ie @l & ol d0CTdenee ol thed LU natfng unit

diff . y, for

3 is set so as to correspond to the raction angle ere

exanpl e, even wmﬁﬁytﬂﬁé&ﬂgfﬂﬁgﬂﬂﬁﬁhﬁﬂuﬂf%éﬁuifﬂgﬁr@ﬁgiﬁgb&gfé¥ﬁiﬁggto t ake
0

inthe primary diffracted 10 |ight change because of the pattern t he

chip formed in ddtmlserd condugtitie Vederat2ion dheckh fEepaeed dbr theusa t ch,
the illumnating unit 3 can autonmatically be set to the angle of incidence

and il df nati fy dihectispeapir nufis deking imféheatprémesy €hdfracted
light from 15 a self-nmeasured | um nance distribution, and nuch tine is not
required in theamispaduginr Wafer esel senviento orhé sdibfractidedammly to

t he above-descri bed enbodi ment, and can appropriately be nodified and
carried out in GRYBHFELHM WHikth Yhe scope 20 is not changed. Industrial
Applicability Accordjng to, the present invention, there can be provided a
defect detection appHatTRIR CHRFEM a1 ¥ 1 bk Feedngtihe ghtogaambensthet o an

optimum angl e far 25 taking i diffracted |ight necessary for perform ng
i nspection. Mrearer?™ 6{%%%{ ngéa’t o e”bsr‘fers‘éﬁgi%n +€f'ﬁa e 2%l Pe

oo Sed a5t TSR R € Dufinafed PSRRI AR BT
taking in the diffact edii @ind@HR5 MUY {05 BEI{ O1§] b NGt OSPOCT T ON 1S
inspection unit 19 to operate. The diffraction angle
calculation unit 16 calculates the above equation (1)
to obtain the angle of incidence and incidence
20 direction of the illuminating light with respect to the
semiconductor wafer 2, whiéh are optimum for picking up
the image of the primary diffracted light from the
semiconductor wafer 2 by the image pickup unit 4, based
on the design information of the semiconductor wafer 2
25 taken in from the input unit 14.

Next, the main control unit 11 issues a command

for varying the angle of incidence of the illuminating



2 9 DEC 2003 28 CLAIMS |I. A defect detection apparatus conprising' ﬁéh
illumnating unit which irradiates an inspection object with ill ﬂi 2693
light; and an inage pickup unit which picks up an imge of a diffracted 5
light fromthe inspection object to perform defect inspection of the

i nspection object fromimnmage data picked up by the inmage pickup unit, the.
appar atus characterized by further conprh%ing: a diffraction angle
calculation unit to obtain an 1,0 .angle of incidence of the illum nating
light with respect to the inspection object, which is optinum for picking

up the image of the diffracted Jight, based on desj| i nfqr i on of the

i Ir[:specti ongobj‘é‘H‘f 3n %?IF Lﬁﬁ?i%ﬁjr?vg dhdl & THHE r%g J[éﬁgl{] t\ﬂhi%f?qgﬁianggg 15 an
angl e of incidence of the illumnatin nit.with respect to the inspection
object; a | um hANGBIE 187 [ 3R] Hrowat it Akt b Gnf 12 wREHOBhREr i e

i mage data of The | ORI B LG k{7 BA T hed By hRS TR RS ARGTS of

i mge data of e image kup~ uni y varyil

i nci dence of ?@@nf%é#”ﬁﬁfﬁiﬁg EK@F?ﬂﬁig égspﬁg%?égcéhgfigﬁgection obj ect by

the illumnating angle control uni and” an iTTuninating setting unit to
conpare 4 he | um NEaReces €841 1 Pkt Opi ERLGh NEN B L Ber F4BE NGRCENES

distribution calculation unit"wth the angl e of

semiconductor wafer 2 is irradiated from the
illuminating unit 3 is varied in the range of +20° to
-20°. At this time, the image pickup unit 4 picks up
the image of the diffracted light from the

10 semiconductor wafer 2, and outputs the image signal.
The image signal is digitized by the A/D converter (not
shown), and stored as the image data in the image
memory 13 of the detection apparatus main body 10.

Next, the luminance distribution calculafion unit

15 . 17 reads the image data at the time when the angle of
the illuminating unit 3 is varied in the range of +20°
to -20° as described above from the image memory 13,
and obtains the actual luminance distribution with
respect to the angle of incidence of the illuminating

20 light from the image data as shown in FIG. 2.

Next, the illuminating setting unit 18 compares
the actual luminance distribution obtained by the
luminance distribution calculation unit 17 with the
angle of incidence calculated by the diffraction angle

25 calculation unit 16, and selects the angle of the
luminance peak in the luminance distribution which

agrees with or is closest to this angle of incidence as



i hci dence cal culated by the diffraction angle calculation unit and to set
the illumnating unit to 2 9 DEC 2~3 29 the angle of incidence29 DEC 2003
corresponding to a |lum nance peak, in the |um nance distribution which is
cl osest to the angle of incidence. 2. A defect detection apparatus 5
according to claimf, characterized in that the diffraction angle

cal culation unit obtains the angle of inclt¥ence of the illunminating |ight
with respect to the inspection object based on design information of the

i nspection object and a diffraction order of designated 10 diffracted
light. 3. A detketddffeactbanappaltat usThecdidingnasiobasmtt inghamddt erized
in that the diffraction angle calculation unit calculates the diffraction
angl e with reshb@cterdsatBar capmandy&prpaséting sheaaniols Ofi dRgdsenee t he
design information wth respect to a hierarchy structure of the inspection
object. 4. A defethedeltebipatapparaitis3acesrarrRgnEang &omthe characteri zed

in that the 20 illum nat.i angl.e control unit conprises an input unit
whi ch finely aﬁ?L% E‘eShglﬁﬁaﬁe%Pni ABPA4ENER 5$‘et Ae PR R@HtHES RG99t set by

Lhe 111t 1ot g, pE08 18 4h{ 2 dBLeh gl oghlon appagly cending (0
obfect corm | s8igfh hE2ThetBEARh BELLE bR AT AP RTope
the diffraction angle instructed by the driving of the
illuminating angle control unit 8. In this case, if
there is the instruction of the two—dimensibnal
10 direction to irraaiate the semiconductor wafer 2 with
the illuminating light, the illuminating angle control
unit 8 integrally rotates the illuminating unit 3 in
the paréllel state withlthe semiconductor wafer 2 above
‘the semiconductor wafer 2, or rotates the stade 1 and
15I varies the direction to irradiate the semiconductor
wafer 2 with the illuminating light.

In this state, the illuminating light is output
from the illuminating unit 3 under the control of the
optical system control unit 7 by the instruction of the

20 main contreol unit 11. Then, the semiconductor wafer 2
is irradiated with the illuminating light with the
optimum angle of incidence and illuminating direction
to take in the diffracted light generated by the
pattern of the chip formed in the Semiconductor wafer 2

25 or the difference of the pitch. It is to be noted that
the fine adjustment is sometimes necessary for the

angle of incidence of the illuminating unit 3

automatically set by the error



2 9 DEC 2003 30 6. A defect detection apparatus according to claim1,
characterized in that the diffraction angle cal culation unit assgqp5E¢Qﬁ®
the diffraction angle is Ad, the angle of incidence of the 5 illum na
light, is 6i, a diffraction order is m the pattern pitch of the inspection
object is p, and a wavelength of the illwAanating light is (err),
cal cul ates sinAd-sin6i = m-,/p, and obtains the diffraction angle. ' 10 7.
A defect detection apparatus according to claim 1, characterized in that
t he iIIuMnuﬂigl ﬁggge control _uni a_ function

|

_ 9! F fgrther hai ?f _ _
rotating/contro ng t%% |W??ﬁﬁ %.?ﬁ% uRFI ok ﬁcspﬁeﬂ?g?ro ?Hg i nspection
bj ect i s, ' d pERS] ies t -
o Genee and Sestaiiintdhdoon b IERELOPALY YBLLED TRE PRILPLalt i 1o
the i ti i t t i on : i | ai
1 areet o 10 Bidpeliof CEARE! LE CORhINIAPPALALLE LACC REALANEALC 1

has a functionoftyotating{£oniks! Jaﬁ{;‘ge acSHEH61 On B! ghelBR tREPERELEN
object is .laid, and two-dinensionally varies the angle. of incidence and

incidenee direghimofvideché! stpati GEitNLE. W tHeFEBRECEREOahBE el BEPECti ON

25 object . 9. . A defect detection apparatus according to claim1,
characterized tie thRluhheatiRZgSuEC Fpps 3Q@fuktbaninatkeBgonset teorpei ses a
line illumnating unit which irradiates the inspection object with |inear

illumnating, Imstiwectioe byagkeepdekupngnof thapiiliesiaaking sanier camera
to pick up the image of the 5 diffracted light by a line illumnnating |ight
wi th which thecomepettunht adject is irradiated, and further
' The image of the diffracted light or interference
10 iight from thé semiconductor wafer 2 is picked up by
the image pickup unit 4, and the image signal is output
from the image pickup unit 4. The image signal is
digitizéd by the A/D converter (not shown), and stored
as the image data in the image memory 13 of the
15 detéction apparatus main body 10.
The defect inspection unit 19 reads the image data
obtained by the image pickup of the image piékup unit 4
from the image memory 13, image-processes the image
data, and detects the defects such as the damage, dust,
20 surface irregularity, and dirt in the surface of the
semiconductor wafer 2. The defect inspection unit 19
stores the information of the detected defect in the
inspection result memory 20, and displays the
information in the image display unit 5.
25 In the first and second inspection methods, the
diffraction angle caiculation unit 16 obtains the
optimum angle of incidence and illumihating direction

of the illuminating unit 3 for



"the inspection object is laid on a stage which is one dinensionally driven
in adirection intersecting the linear illumnating of the |line 29D
illumnating unit. 10 10. A defect detection apparatus according to gFéMH
9, characterized in that the onedinensionally driven stage conprises a
rotary stage on which the inspection objegf is laid, has a function of
rotating/controlling the rotary stage, and rotates the 15 inspection object
Wi th respect to an incidence direction of the illumnating unit. 11. A

storage nediu dapl e by, a ¢ t ek, a I hE a regramis
stored to irrg%%é?gﬁgnﬁPngggcgﬁgﬁgogreE%QmF?E?§?FF§§i%g?FEQEF?SEt%%O from
an illumnati nghé'ng%/sgﬁﬂ._EHfBH&EtEBnan! pREEsehiBofllibEaet pdrlirght, fromthe

i nspection obj ect i mage pickup unit and to inspect the inspection

obj ect based opoiEpge, dphen bherpredeam abhew BEharCeRBu! edet 0 execute: 25
a step of calculating an angle of incidence of the illumnating light with

respect to theqingpgeteanie@Bhecbbtwhhel by eptiiuf the putkimagidaltliye i mage
of 2 9 DEC 2003 30b the diffracted light, based on design infornmation of
the i nspgcti onsebj edtffracstien ahghbt arei rgsaliusbsarveddideprenoitigomw t h
respect to the angle of incidence of the illumnating 5 unit fromthe inmge
dat a acquired bitevaypengft hbeasghecohduntiodemwedest 2t hdhiel Lawsipesttiong uni t
with respect to the inspection object by the Lna%e pi ckup unit; and a step
of obtaini ng anpangltesoths keybpandeopearussi éi itheclippadt ung g Hd to

cal cul at ed/ obt ai ned angl e of 10 incidence as the _angle of incidence of the

i I'1uminating uAkEsignaiet kbeolesilned PasiineRcd ofest fﬂf%tﬁétlia&ﬁdo 1deHts di° t he

e derce angl e, 01 e I VILIELLND WL e agshonapne SRR, 4

A AL e A o R e 08 s splsplech gl ool cfel

]CaJV! v illuminating direction of the illuminating unit 3 for

picking up the image of the designated n-dimensional

diffracted light based bn the design information of the

‘semiconductor wafer 2.

15 Moreover, in the chip pattern formed in the
semiconductor wafer 2, which has two directions, the
diffraction angle calculation unit 16 can obtain the
angle of incidence and illuminating direction of fhe
illuminating unit 3 with which the diffracted lights of

20 the respective chips can both be observed by the image
pickup unit 4 in both directions based on the design
information of the semiconductor wafer 2.

In this case, the image of the aiffracted light
generated by the illuminating light output from the

25 illuminating unit 3 which has been set is picked up by
the image pickup unit 4. The image data is image-
processed by the defect inspection unit 19, and the

defects of each chip such as the
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surface is irradiated with the linear illuminating

light from the illuminating unit 3, and the stage 1 is
moved in a linear direction (X direction). 1In this
case, it is sometimes impossible to pick up the image
25 of the diffracted light depending on the direction of
the pattern cf the semiconductor wafer 2. For example,

when the direction of the pattern crosses at 90° with
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In this case, the stage transfer rotation control unit

6 controls the rotation of the stage 1, and rotates the

5 stage 1, for example, by 90° with respect to a vertical

line of the center. Thereby, since the direction of

the pattern of the semicbnductor wafer 2 is the same as

the line direction of the illuminating light, the image

of the diffracted light can be picked up.

10 Additionally, the illuminating angle control unit
8 can three—dimensionaily control the inclination angle
of the illuﬁinating unit 3 with respect to the
semiconductor wafer 2 surface. In the above-described
embodiment, since the inclination angle of thé

15 illuminating unit 3 with respect to the semiconductor
wafer 2 surface is two-dimensionally controlled, the
image of the diffracted light cannot necessarily be
picked up in a high directivity state. However, since
the illuminating unit 3 is three-dimensionally |

20 operated, the image of the diffracted light having a
highest directivity can be picked up in accordance with
the pattern of the semiconductor wafer 2. Thereby, the
image of the diffracted light can be picked up from the
pattern which has not been captured only by two-

25 dimensionally controlling the inclination angle.
Moreover, even when the stage transfer rotation control

unit 6 controls and three-dimensionally rocks the stage
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obtained.

Moreover, the illuminating unit 3 can be applied
5 to not only the irradiation with the linear

illuminating light but also the irradiation with a

radial illuminating light. In this case, the radial

illuminating light is converted to the line shape in

the lens.

10 It is to be noted that in the above-described
present embodiment the semiconductor wafer 2 has been
described as the inspection object, but the present
defect detection apparatus can also be applied, for
example, to the defect inspection of the damaée, dust,

15 surface irregularity, and dirt in a glass substrate
surface of a flat display such as a liquid crystal
display.

As described above, in the present embodiment, the
method comprises: obtaining the angle of incidence of

20 the illuminating light with respect to the
semiconductor wafer 2, which is optimum for picking up
the image of the diffracted light, based on the design
information of the semiconductor wafer 2 (e.g., the
pattern pitch, reflectance, pattern shape, and film

25 thickness of the semiconductor wafer 2, or the
wavelength of the illuminating light output from the

illuminating unit 3); and setting the angle of
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5 pattern of the chip formed in the semiconductor wafer 2

or the difference of the pattern design of the pitch,
the illuminating unit 3 can automatically be set to the

optimum angle of incidence and illuminating direction

for taking in the primary diffracted light, and much

10 time is not required in the inspection.

Moreover, when the other n;dimensional diffracted
lights are more easily observed depending on the type
of the semiconductor wafer 2; the desired n-dimensional
diffraction data is designated by the input unit 14,

15 and thereby the angle of incidence of the illuminating
unit 3 and direction optimum for picking up the image
of the diffracted light can be obtained based on the
design information of the semiconductor wafer 2.

Furthermore, with respect to.the chip pattérn

20 formed in the semiconductor wafer 2, which has two
directions, the angle of incidence and direction of the
illuminating unit 3 can be obtained based on the design
information of the semiconductor wafer 2 so that the
diffracted lights of the respective chips of the

25 opposite directions can both be observed.

Additionally, the actual luminance distribution

obtained by the luminance distribution calculation unit
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agrees with or is closest to this diffraction angle is
5 selected as the diffraction angie, and the angle of

incidence of the illuminating unit 3 is set so as to
;correspond to the diffraction angle. Thereby, for
example, even when the diffraction angle and
diffraction direction to take in the primary diffracted

.10 ~light change because of the pattern of the chip formed
in the semiconductor wafer 2 or the difference of the
pitch, the illuminating unit 3 can automatically be set
to the angle of incidencé and illuminafing direction
optimum for taking in the primary diffracted light from

15 a self-measured luminance distribution, and much time
is not required in the inspection.

The present inventioh is not limited only to the
above-described embodiment, and can appropriatelf be
modified and carried out in a range in which thé-scope

20 is not changed.
Industrial Applicability

According to the present invention, there can be
provided a defect detection apparatus in which an
illuminating light can be set to an optimum angle for

25 taking in a diffracted light necessary for performing
inspection.

Moreover, according to the present invention,

there can be provided a storage medium readable by a
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inspection of the inspectién object from image data
picked up by the image pickup unlt, the. apparatus
characterlzed by further comprlslng

‘a diffraction angle calculation unit to obtain an

10 ‘angle of incidence of the illuminating light with
respect to the inspection object, which is optimum for
picking up the image of the diffracted light, based on
design information of the inspection object;

an illﬁminating angle control unit which changes

15 an angle of incidence of the illuminating unit with
réspect'to the inspection object;

a luminance distribution calculation unit which
obtains a luminance distribution with respect to Ehe'
angle of incidence from the image data of the image

20 pickup unit obtained by varying the angle of incidence
of the illuminating unit with respect to the inspection
object by the illuminating angle control unit; and

an illuminating setting unit to compare the
luminance distribution obtained by the luminance

25 distribution calculation unit with the angle of
incidence calculated by the diffraction angle

calculation unit and to set the illuminating unit to
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inspection object bésed on design information of the
inspeqtiqn object and a diffraction order of désignated
10 'diffrac"ced light. |
3. A défect detection appa;atus
according to claim 1, characterized in that the
diffraction anglé calculation unit calculates the
diffraction angle with respect t;'a surface léyer based
15 ‘on alfilm thickness of the design information with .
reépect'to a hierérchy structure of the inspection
object.
4. A defect detection apparatus
according to claim 1, characterized in that the
20 illuminating angle control unit comprises an input unit
whicﬁ finely adjusts the angle of incidence of the
illuminating unit set by the illuminating setting-unit.
5. A defect detection apparatus
according to claim 1, characterized in that the design
25 information of the inspection object comprises at least
one of pattern pitch, reflectance, pattern shape, film

thickness, and wavelength of the illuminating light.
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diffraction angle is 64, the angie of incidence of the
5 illumindting light is 64, a diffraétion order is m, the
pattern pitch of the inspeétion object is p, and a
wavelength of the illuminating light is A, calculates
sinf4~sin6; = ﬁlﬁ./p,
and obtains the diffraction angle.
10 7.. A defect detéction apparatus
according to claim 1, characterized in that the
illuminating angle control unit further has a function
of rotating/controlling the.illuminating unit using a
centef of the inspection objédt as én axis, and two-
15 ' dimensionally varies the angle of incidence aﬁd'
inéidence direction of tﬁe illuminating unit with
respect to the inspect;on object.
8. . A defect detection apparatus
according to claim l', characterized in that the
20 illuminating angle control unit further has a function
of rétating/controlling a stage on which the inspection
object is laid, and two-dimensionally varies the angle
of incidence and incidence direction of thé
illuminating unit with respect to the inspection
25 object.
9.. , A defect detection apparatus

according to claim 1, characterized in that the
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illuminating, further the image pickup unit comprises a
line sensor camera to pick up the image of the

5 diffracted light by a line illuminating light with
which the inspection object is irradiated, and further
"the inspection object is laid on a stage which is one-
dimensionally driven in a direction intersecting the
linear illuminating of the line illuminating unit.
'10 10 . A defect detection apparétus
according to claim 9 ., characterized in that the one-
dimensionally driven stage comprises a rotary stage on
which the inspection object is laid, has a function of
rotating/controlling the rotary stége, and rotates the

15 inspection object with respect to an incidence

direction of the illuminating unit.

11 . A storage medium readable by a
computer, characterized in.that a program is storéd to
irradiate an inspection object with,illumiﬁating light

20 from an illuminating unit and to pick up an image of a

diffracted light from the inspection object by an image

pickup unit and to inspect the inspection object based

on image data, the program allowing a computer to

execute:

25 a step of calculating an angle of incidence of the

illuminating light with respect to the inspection

object, which is optimum for picking up .the image of
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respect to the angle of incideﬁce of the illumiﬁatiné
5 unit.from the imagé data acquired by'varying ﬁhe angle
- of incidence of the illuminating unit with respect to
the inspection object by the image pickup. unif; and
a step of obtalnlng an angle of a luminance peak
whlch is closest to the calculated/obtalned angle of
10° incidence as the angle of incidence of the illuminating
unit from the obtained luminance distribution to

control the incidence angle of the illuminating unit.



