;e3ee | 9e **+D12. 869T) 9k# DESCRI PTION 5 Technical Field The present

i nventfi on rel ates to a‘'defect detecting apparatus for detecting macroscopic
defects such as fil mthickness variations, contam nation, pattern steps,
and flaws on the surface of a sem con 10 ductor wafer substrate or a liquid
crystal glass substrate. Background Art A surface defect detecting

appar at us denWmmmMmﬂm pn. Pat. Appln. K | Publication No. 9-61365 is 15

a conventio for automatically inspecting substrates such as
sem conductor wafer,substrates and |iquid crystal glass substrates. This
apparatus illum nates the surface of an object to be detected and senses

i mges of the re@u ﬁm reflectdd FigHt R2b BiFfkLttd 1ight, and scattered

9
I

| i ght fronummmmﬁ NM@H In this way, the apparatus can detect film

t hi ckness ;' periodi c disturbance of resist patterns, differences

in sectional shap®2bet ween reihgggggﬁg%Ec%QthQ?Phkégugy I mage processing.

However, the surface 25 defec i 'ng “appar at us vi'ng this arrangenent
does not automatically optim ze the angle of illum nation and the |ike when
sensing an inmage of the diffracted i 2 light. This nakes defect

inspectign in an optinmum state diffipoult; Lo peidpgm

The present invention relates to a defect
detecting apparatus for detecting macroscopic defects
such as film thickness variations, contamination,
pattern steps, and flaws on the surface of a semicon-

10 ductor wafer substrate or a liquid crystal glass
substrate.

Background Art

A surface defect detecting apparatus disclosed
in Jpn. Pat. Appln. KOKAI Publication No. 9-61365 is

15 a conventional apparatus for automatically inspecting
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



B —_ - - — —

On the other hand, a nethod of automatically adjusting illumnation for
sepsifig an image of the 5 diffracted light froma substrate such as a
sem 4@n ductor wafer substrate or a liquid crystal glass substrate has been
.Pproposed. For exanple, a defect inspecting apparatus disclosed in Jpn. Pat.
Appl n. KOKAI Publication No. 10-339701 reads information 10 concerning a
pattern formed on a substrate, and checks whether the pattern is a periodic
pattern. If the pattern is a periodic patﬁ%rn, t he apparatus receives the
diffracted |ight and proceeds on to inspection. If the pattern is a
| i ne-and-space pattern, for 15 exanple, the apparatus sets a rotational
angl e around t Hd ahdr-malThdfs makesydefes tofingpecdiiipd rlay eSS RS the |ine
direction is perpendicular to the incident direction of illumnating |ight.
The appar atus &Hahe &L i8Udit ffadS gl e 8d to the pattern pitch 20 by

an equation: sin 8 d - sin i =.m- [p,_and.sets the diffraction angle 8d
obtained by this cal%l%ﬁ o‘ﬁtrhesr tl'f?emi(ng“’l énegcfhcfci gc?'# aruetcoenb%loc?]a}i wever, in
t he apparat us whj.ch. .aut ti cal l Vv .adj usts J ) j gl g an
i mge of the 2§ddjiufsftrlan eﬁ ]1ul(flg‘nnt‘—’ytalgo(ydgt"ssoclfién‘z“lerldsuL aanqg\a/atgi, Oltq%a\é&%vﬁerrent of an

| Lum nalgh ng ot £, e o rg'g& |4k o bk A WUIANGL.a Sertfterd-ncl dent

direction of the um nati 't ght cannot be easily changed. Since

this limts patdigrng Widy bR dsractLd fynidid AhRar ajlusss t he
apparatus cannot treat objects having various patterns. Also, patterns

formed on sen cailtciaie WafLodes Undgcdes. anebi idrbbXd yd ale HASS

substrates are conplicated, and have not only a kind of pattern pitch but
al so differ in ipadgertiny tadpaccnidlidigsd o pad tirnfpron Rdate. Adsin at e.
Therefore, a good diffracted i nage cannot be necessarily obtained by the
set diffracted KIKAT ghtb Iriersi Mdm@PNangl &3 Ritdhereads, imafoowpt i iem di f fract ed
| i ght receiving angl e changes in accordance with the influence of a resist
on the <ifbstrateoregrrning a pattern formed on a substrate, and checks
whether the pattern is a periodic pattern. If the
pattern is a periodic pattern, the apparatus receives
the diffracted light and proceeds on to inspection.
If the pattern is a line-and-space pattern, for
15 example, the apparatus sets a rotational angle 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



the Iike. Conventionally, defects such as filmthickness 15 variati ons,
pegiodi c disturbance of resist patterns, and differences in sectional shape
bet n resist steps on a substrate such as a sem conductor wafer substrate
.O0r aliquid crystal glass substrate are inspected by sensing an
“interference observation i mge of the 20 substrate. This interference
observation inmage is generated by interference between reflected |ight from
the surface of a thin film(e. g., a resi st film formed on the substrate
and light transmtted through the thin filmand reflected fromthe
substrate surface when 25 illumnating light is irradiated to the

substrate. To §éﬂh¥tQﬁQFQUnQﬁfQﬁ%%kﬁaQﬂﬁﬂ%ﬁ@ﬂl6H1Fﬁh§@lﬁIq%ﬂﬁt%atlng
light is made close to a single mavelen t 4 a bandpass filter is
i nserted bef or @3t 4Ry ¢SGR Wéﬁy SR faé’r@r%&%setrnﬁatl on
image is to be sense homever

th dit i
accor dance wi t PR addHi GBIt Jfr%ts@gtélercdr X evclﬁloggs‘}atllﬂce)onlfshfc%n%srsnsalnd
refractive |ndex of refh§t§¢|| 5¥ht ngghfﬁgﬁéhéﬁg?gw Fgfon

wavel ength) of illu SOl ge Sensing may not e per f or med
under preferred, gondilions ndA‘Sl ad;_\ a{)@set 110 L Pk d r@g@s £5: and makes
it |np035|ble {0 Sense an 1ht erfHace obser vat i On I mage u er avored

condi ti ons. Somt AR, atdigy W =Y eald v el Yeddd edfsfpeng@ér@ Pl gl ity

of bandpass f||t to change the observation wavel ength sel ects the

wavel ength stepy Stap.dilfedhatn igatidien FpPedrRtdscsioesndiotio S8 eetoms
wavel ength for perform ng i nage sensing under preferred conditions. It is

an obj ect of then prresenibd twetd j ommhexr gfaneé dea agated et £ fhed @odd nignagppar at us
capabl e of setting to an optinmum state the angle of at |east one of 20 an
illum nating sicEnreot s neesss senky nmpsadeedvibh tlespeet dof Gmobgedct to be
i nspected, and capable of treating various objects.
10 light receiving angle. Furthermore, an optimum
diffracted light receiving angle changes in accordance
with the influence of a resist on the substrate and
the 1like.
Conventionally, defects such as film thickness
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



Di scl osure of Invention (1) A defect detecting apparatus of the present 25
i nyentfi on conprises an'object to be inspected, an illumnnating unit
incliged at a predetermined angle to the object to irradiate the object
JWth illumnating 5 light, an imge sensing unit inclined at a
predeterm ned angle to the object to sense an inmage of diffracted Iight
fromthe object illumnated by the illumnating unit, an angle controller
whi ch 5 changes the inclination angle of al least one of the illum nating
unit and the inmage sensing unit, an inmage processor which receives the"
diffracted light fromthe object by usi the i nage sensing unit at each
inclination ang ®agwipasfed ecmésaﬁgls@l%(ﬁﬁl Rafde ap dmfoBtenhds

| um nance val ue of the diffracted light at each inclination angle, a

det er ni nati on W% SR ch deternines the nth order | i ght best suited to

observation with re ect to Iqé diffracte ht féonithe relq% 3ash|p
bet ween the inclinat ‘?‘P aaHbIJen 9% Cf aah%le Yatie? oot A %y t he

i mge processor,, dﬁh %{@ercoéﬁe( qu{ { Mﬂh}é%cﬁﬁfﬁdﬂ?léﬂﬁ%@n angl e

of at |east oné<% Hati'ng “uni I mage sensi ng It on the

basis of dhe d thralE&?.‘ctdaq{l:é o ﬁl{é)’Bc}rﬂﬁtohf‘ér?é BHA I Qhidte Zhdi?) A

def ect detectlng appar at us of t e present I nvention Is a apparatus

described in itamdiy @fﬁ%ew%ﬁd rkéﬂea@rgd@ GOt bt of hanges the

inclination angle of at |east one of the illumnating unit and the inage

sensing unit, forgadhdfciavavFe TBHEH I (GSH St ¥ 00 AD vaosd 1droish Pfot he
illumnating light set for the object. (3) A defect detecting apparatus of

the present i nvemunimad Sy apipfi@at ko desoye beshd ing treay (dot dbove, 6
wherein the angle controller changes the inclination angle of at |east one

of the illum natemipuwed waniet here fmgeed ermicigh ons, fAs am éxamplation
position set in accordance with a predeterm ned region on the object.
10 an image saturates and makes it impossible to sense an
interface observation image under favored conditions.
Also, an apparatus which selectively interchanges a
plurality of bandpass filters to change the observation
wavelength selects the wavelength step 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



5 (4) A defect detecting apparatus of the present invention is a apparatus
descritbed in item (3) above, which further conprises a display unit which
di splys an i mage of the object sensed by the inage sensing unit, and an

i nput unit which designates the 10 irradiation position for the

predeterm ned region on the inmage displayed on the display unit. (5) A

def ect detecting apparatus of the present invention is a apparatus
described in item (1) above, wherein in afgraph i ndi cating the relationship
between 15 the inclination angle and the |um nance val ue, the determ nation
unit determnes that the first-order |ight position of diffracted |ight

havi ng the secdddhifi,ghestimags sencdngaupd i dnsddneshigted PFesisd@Lrat i on.

(6) A defect detecting apparatus of the present 20 invention is a apparatus
described in i fdmedl pigBGy &0 Wher ORI SGt ttoe SEESE AMaTAGF @it does not
determ ne the nth-order ]ight best suited.to observat. o 'tbh respect to

the diffract ed HitdFRcted & P& 0 ST ISR B8y i s set. 25
(7) A defect dteci_%c'zii g%gﬁg@%rie}{%uzlpg{tnt ih"f% ?aklgqﬁentcgnQ%%g{fe%n “jhs_,'c?l appar at us

described in i eternination unit does not

det er m ng i c}ﬁa%%‘:eg,n@i‘{ or;ds ltilniatqgtonb%%gtl%motf%tt C.’Le%l%scﬁro‘ﬁ%t 10N MM d h

respect to the cted Illg e position of the nth-order |1 ght best

suited to Obserigiqﬁjn%ai rdesirgnat-edy fﬂrﬁ“i%&j@%ﬂﬂq{%ca}diﬂﬂ 1€ image

rel ati onship 5 between the inclination angle and the 1um nance val ue. (8) A

def ect detecti RgRRRAA Yhith e LHRSethd MMaEtiaitdd 18 AP @IS _
described in item (1) above, which further conprises a display unit which

di spl ays a pat t@fd) dyfledt ¢y the mpjeed it de Famingdina iatg et he

rel ati onship between the inclination angle and the | um nance value. (9) A
def ect detecti nghcppartaiars afglicelireased bynver iaoglies corappsrlsms
described in item (8) above, wherein the display unit displays an index for
15 desi dfat i ng arte dotadiinmta dnmsimgreovahe giaphe (AL rmateddcii @t ecti ng
apparatus of the present invention is a apparatus described in item(9)
above, wherein atheafispingl iAtial ey & Flatermp i dBiftesponding to
the index. 20 (11) A defect, detecting apparatus, of the present invention is
a appar at us destHiBed§iRIRERYT 1"§h9a5'g§}éT°Wﬁ]'cH1fq}}§ f@sﬁoﬁfﬁrq%st% di spl ay

predet or mi ned. FE SR Th A AFhgeE BT 1 oo ot St b Pt het 19ge
CoreL g U L YL A S Bt S BER e D et o
the present invapliomds fhARPUR IS, AeSE 188l {ifkdd §R s PPV Cana

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,



whi ch further conprises a novenent controller which noves a stage on which
the olj ect is placed forward 5 and backward, wherein the inmage sensing unit
sens an imge of diffracted |light fromthe object when the stage is noved
forward by the novenent controller, and senses an inmage of interference
light fromthe object when the stage is noved backward. 10 (13) A defect
detecting apparatus of the present invention is a apparatus described in
item (1) above, wherein the illumnating dhit enits |inear illum nating
light. (14) A defect detecting apparatus of the present 15 invention is a
apparatus described in item (1) above, wherein the illumnating unit emts
pl ane il | uni natihedeiiingfhe @PBﬂeAC@éﬁé@@lﬁété@@?ﬁ&saﬁﬁﬁﬁd%ﬁgJﬁﬁgPﬁﬁlpresent
invention is a apparatus described in _item (1) ahove,, 20 wherein the
i|lumnating uﬁmgl@npﬁéaﬁo#ﬁﬁﬁqIQEﬁl%ﬂiﬁaf ﬁﬁ&ﬁpgn@%éPQAu@&ﬁéé?“ﬁé?ﬁ%ting
apparatus of the present .invention is a_apparat.us .descrihed in _item(1)
above, wherei n TRES r?&é’é%‘@né’inﬁr&’urﬁotr ?éhg‘é:srag}ai epﬁﬁ%oéflcastetterléld |i ght

fromthe object iH|€§A§%§H6$%§%&&gdéﬁgpﬂﬁﬁé ?ﬁa k%%ﬁgg%%éAéFﬂ%?%ct ‘o be

det ecting appafatos i AVen ri Ses an-o

inspected, an illumpati &gl_f_iécvé {lﬁéﬂl u.r?é Fhpedeierd nad gal & the

object to irradiate e object mmnating |1ght, an 1 mage sensing

uni t inclined aty A iRALUY D JPah ANl G iRl OB adert O HENSRH W) | Mage
of reflected light fromthe object illum nated by the illumnating unit, an

angl e setting yHilchMEtHEH AdipradNG deplanghaiad WiieH |dispinats ng
light with respect to the object and an i mage sensing angle of the 10
reflected |ightan Gmddee dmsise afbjgdtorsmisesh loorndes nimgye sensing
unit, and an input unit which designates the
10 irradiation position for the predetermined region on
the image displayed on the display unit.

(5) A defect detecting apparatus of the present
invention is a apparatus described in item (1) above,
wherein in a graph indicating the relationship between

15 the inclination angle and the luminance value, 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



a filmfornmed on the object and an observation wavel ength, an illum nation
angl e gcontroll er which:sets the inclination angle of the illumnating unit
to t i nci dent angl e obtained by the angle setting 15 unit, an inmage
.sensing angle controller which sets the inclination angle of the inmage
sensing unit to the i nmage sensing angle obtained by the angle setting unit,
and an i mage anal yzer which detects a defect froman image of the object
sensed by the imge sensing unit. 20 (18)'h def ect detecting apparatus of
the present invention is a apparatus described in item (17) above, which
further conprises an optical systemcontroller which selectively inserts an
i nterference fithemthnardar dptghtalbgsdt Pwitahdq IRFRTRGIRP 1WHHt or the
25 reflected light. (19) A defect detecting apparatus of the esent
invention is a X R e ddserdifdFasted emdi) Gsoresitiony Uherein the

i nformati on conger ni

the film.contains at, | east t hi ckness .and
refractive ind eofnttr}ﬁ_@rfchrrr:l&ﬂpd:r :@qslﬁg s&‘llqeecggto ?%‘ﬁﬁé"r%o? 203 A def ect
det ecti ng apparat us of, t he. presen i nventian i i bed
item (17§J aggveilemr}ae%en&t%rgo%nagl‘%ra}eljf ﬁnn({ghéuaﬁﬂiaﬁbeﬁﬁg ;@%@%ﬁﬁr: ngi dlegt

angle 8 of they i ing i ' i i ;

i n'?erfer gjnce I iBg%%&%@yrp'?%ﬂe&?lor}%lglvrt{an%%%qlﬁga&léigﬂgé Qﬂgﬁsr}%]ﬁg(‘ﬁgls%@n'e( cos-1
2n d) [/ ~. =n Sé ' - ~4

915(91°82)/2 d The [ cioieser o ther Ty T i ot Har o (S5 108 2Rded ang -

the observati on ywaumed &1ths dSgdrdhathdedesdr ded@cin nocappar atasowd, the

present invention conprises an object to be inspected, an illumnating unit
inclined at a piteided efutt titedr adgher iged he ObEtdy tuni ¢ naoh @t ed1dyel op ect
with illumnating light, an inmage sensing unit inclined at a predeter 20

m ned angl e to 4 heatotgectpitclsenSetlan obrpgyet odn 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.



interference light fromthe object illumnnated by the illum nating unit,

and a determnation unitt which obtains, on the basis of information

concerning a filmfornmed on the object and an observati on wavel ength, 25 an
Joptimumincident angle of the illumnnating light and an optinum i mage

sensing angle of the interference light fromthe relationship between

refl ectance and a 11 a thickness of the filmof the object. (22) A defect

detecting apparatus of the present i nventi®n conprises an object to be

inspected, an illumnating unit inclined at a predeterm ned angle 5 to the
object to irradiate the object wth illumnating |ight, an inage sensing
unit inclined at a ptletlet ét msiarampgietblnharmerius PS5 RFeRle of

interference light fromthe object illumnated b Ihe,illupinatin unit, an
angl e changi ng iiartHIE R SLR SRRATEMEDRESF e drF§hci derPAfyl e of

the illumnating light with respect to the object and an jnmage sensing
angl e of the i Hﬁ'@rcfl‘éré%&@% gcfﬂnppd‘il§% %MV%%,C dfcfcglr%?rrra%gél al yzer
whi ch obtains the relationship between.an angl e and I 'ngpgg | ue 15
froman i mage Y% HjrIe scghswzbl\,%i/r%ckhean% gt he ip?llcal‘éjerqﬁt angaf]}e/éand t he

a5 A T RS oS O et

i nci dent angl e an opti num 1 mage sensi ng angl e

of the interfergncgddgts fdomthedel Bidionshidhn 2k BibRicDancdn ptnon of

Drawings FIG 1 1s view show ng an outline of the configu ration of an

i mage sensing syisd@dn adnddddMENBid g 1By st iedn dvendtef esdn ehed BLéF Ngand
apparatus according to the first enbodi nent of the present invention; 25

FIG 2 is a viewshoys ngh aimodd | ¢ Heimfet heraond | plgtat | fromftize caieot system
of the defect detecting apparatus according to the first enbodi nent 4 12
of the present whwenthonstddds 18 meved fhavkwdadt show ng t he procedure of
setting the inclination angle of an illumnating unit in the defect

det ect i nigd appar at us &t8br dhndefect hgetecting 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 is 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 first enbodi nent of the present invention; FIG 4 is a graph show ng the
rel.ati onshi p between the | um nance val ue and the angle according to the
first enmbodi nent of the present invention; FIG 5 is a view showi ng a
display exanple of 10 an inmage display unit in a defect detecting apparatus
according to the second enbodi nent of the present invention; FIG 6 is a
graph showi ng the rel ationship between the | um nance val ue and the angle
according to the 15 third enbodi nent of the present invention; FIGS. 7A,
7B, and 7C are views showi ng a display exanple of an image display unit in
a defect detecting apparatus according to the fourth enbodi nent of the
present i nvent ii@vertgon comprises e Isdnitty Rhd v Rettisshs i bet ween

t he | um nance val.ue and the angle accordjng to the fifth enbodi nent. of the
present i nvent itonkWENES 10 UG ]é‘r‘l’ccnllé’@darag: g?é’;ﬂ@%ﬁmﬂ%aﬁaﬁbgrf%eto

rel ati onshi p between .t he | um.nancg val and the angl.e .25 according to the
si xth enbodi mertPRIRE rtéjséﬁra\dﬁ\ﬁé:rﬁﬁg}ﬁ %j@cq_’l(‘f”i al%ai%%%tcf\ﬂ g an
outline of the,. 13 configuration.o 'qgg Sensi S e gn?

illum nating s}@tgi“r%’ofana & ectsec?erien i%geappaﬁaﬁ%uésgfgcgoar ﬁ)lsrtrleg({gt 0 the

sevent h gmbodi nRnt QOfaﬁJlee e dvEen Qg eh & (%n ]lh]mégcsje g1 ew showi ng an
outline of the contfiguration of a control system of the defect

reflected light from the object illuminated by the
illuminating unit, an angle setting unit which obtains
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,



detecting apparatus according to the seventh enbodi nent of the present
inwention; FIG 12 is a flow chart showi ng the procedure 10 of setting the
inclination angles of an illumnating 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 show ng the relationship 15 between
the | um nance value and the angle accordln to the seventh enbodi nent of
the present invention; FIG 14 is a graph owi ng the rel ati onshi p between
the | um nance val ue and the angl e according to the eighth enbodi nent of the
present invention; 20 FIGS. 15A and 15B are graphs each show ng the

rel ati onship béﬂ%@éﬁ%tﬁ?qlﬁﬁﬁﬁﬁﬂﬁi%&ﬂlRPQﬁﬁFQ%ﬂQlWW?Mﬁ%%ﬂlQﬁP

according to the ninth enbadi nent of esent i nvention; FIGS 6A 168,

and 16C are vi s Btk iy B ESRESH e ardsmdget drspI B ini t i n

a defect detectin ap%)arat us ccotrdl n the 11th enbodi nent of the
present inventi Q%-¢ﬁ s Al tﬁ%ﬁﬁlShOMﬁng the rel ationship

between the | um nancgzefg' Ug B0foLpeal Lo atlon. pheke 8ecoRdl felonthe

12t h enbodi nent of t resen i hveni I on; vi ew show ng an
outline Q§ the invention is a apparatus described in item (17) above,

wherein the angle setting unit calculates both
an incident angle 6 of the illuminating light and
an image sensing angle 0 of the interference light by
the following equations:
10 61 = sin~!(n-sin(cos~1((2n-d)/2)))
62 = sin~l(n-sin(cos™1((n-d)/1)))
6 = 01+(01-62)/2
d: the thickness of the film, n: the refractive
index, and A: 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



configuration of an inmage sensing systemand illum nating system of a
def.ect detecting apparatus according to the 18th enbodi nent of the present
invention; 10 FIG 19 is a view showi ng an outline of the configuration of
.a control system of the defect detecting apparatus according to the 18th
enbodi nent of the present invention; FIG 20 is a view show ng the

rel ati onship between 15 the incidence angle of illumnating light to a
resist filmand the i mage sensing angl e a&&ording to the 18th enbodi nent of
the present invention; FIG 21 is a graph showing the reflectance as a
function of the thlckness of athin filmaccording to 20 the 19th

enbodi ment of Ehéh3Cdd@RS afyéMs di:lrrod B i99I£AH-ew showi ng an outline
of the configuration of an i e sensing systemand illumnating system of
a defect detecting affar atty §ﬂ§%¥3% hEPRAGR @b RF et RIife I
present 25 inventio G 23 a view.sh mnn an.outI| e of the
configuration oV n@&ﬁPr&OWBﬁﬁﬁ§ﬁ<ﬂn 4%9 ’ing appar at us

according to the 2 h enb dlnent f . prese | nvent i.on; 24 |s a
fl ow chart shov‘?‘»nn(\:"]L Ililglnrao ceduré %f Ejt c?ptprr%?lr% angl e

present Tnvent ?oﬂ%%%cévbé%ép%%r ??*Za%%itp régotb St 4 %ﬂhﬁ‘%"&ezﬂe
the |um nance valgg ang tikgdd |SeH ﬁng_lrfclq%a NG b e?IOIh
d ld dd

enbodi nent of the present 10 invention. Best Nbode for Carrylng Qut of the

I nvention EnbogiifRat arefld e piRseljddtvert isthai ldn henades@d bed bel ow wi th
reference to the acconpanyi ng draw ng.

interference light from the object illuminated by
the illuminating unit, an angle changing unit which
10 simultaneously changes an incident angle of the
illuminating light with respect to the object and
an image sensing angle of the interference light at
the same angle, and an image analyzer which obtains
the relationship between an angle and a luminance value
15 from an image of the object sensed by changing the
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



15 FIG 1 is a view show ng an outline of the configuration of an inmage
sensing systemand illum nating systemof a defect detecting apparatus
according to the first enbodi nent of the present invention. Referring to
FIG 1, a sem conductor wafer 20 2 as an object to be inspected is placed
on a stage 1. Alinear illumnpating unit 3 and an image sensing unit 4 such
as a line sensor canera are arranged above_the stage 1. The optical axis of
the illumnating unit 3 is inclined at a g?edeternined angle to the surface
of 25 the sem conductor wafer 2. This illumnating unit 3 irradiates the
surface of the sem conductor wafer 2 with linear illumnating |ight. The
optical axis off theseseNFag@VeSNsioORg unit 4 is inclined at a

redeterm ned angle to the surface of .the sem conduyctor wafer 2. The inmage
Eensi ng unit 4 sgnsgé,G'l ihet Sy ?ﬁﬁﬁf’ ‘ﬁ'}?&nﬂsgbo“blfnq Eé}e d?li‘?crea% S CTgi1ght f?om
t he surface of t .sem.s canduct or_.waf er_ 2, jch i. rat. -
il um'unati on by S4e9 | ﬁé’tciljﬁéla\}ﬁiotn :?nq%loet\(,aglﬂt ﬁg’[ Ilt%hl?%{l?ln%gldgsgﬁlslltng uni t
4 is fixed with_its opti i.S jncli t A . The
illum nating uﬁ‘ln{ %’ecgfr?fgegétr g‘i%a edc}ﬁgiéi ?ﬁ}g)ta teteu%lr ﬁac |O(n?c;dtnlr§ﬁdcaoﬁglg4eeet o the

surface 10 of t G f A ad} eg wthin a

pr edet er%‘i ned r%%g%?%ﬁ%&%ﬁnﬁmoﬁtﬁeg%umt rgteclgﬁ}éggttlf%ﬁyed to a desired
position by an el ectgigaly ofs EChap adhSIORPhe R ati diSsidi i B wd@wi ng
an outline of the 15 configuration of a control system of the above defect
det ecting apparaiis.urReffidd Rl R the s sorqudiatg %0 siwonnected to
the image sensing unit 4, an imge display unit 6, an input unit 7, a stage
novenent rot at ifinrsordnaldierer; o W o setstismmaronitoral | er 9, 20 an
illumnation angle controller 10, a substrate transfer unit 11, and a
design informati on ankGyzerisgla Wewishowimata ndisplay FxanebdineEted to the
optical systemcontroller 9 and the illum nation angle controller 10. The
stage 11&hd t hean rigepos ehisimp R 3r tin arde iemth et t@F N g RPRALRE 1 Srovenent
rotation controller 8. A CAD controller 32 is connected to the design

i nfor mati on an#@§5digng to the HREMLeRRABIIFIT P hadPAPTSRRfE anal yzer
501, a determ nation unit 502, and a storage unit 503. This host conputer 5
has a function HVEXe@R1 ng various control operations necessary to set
that 5 inclination e of.the illum nating uni ' j ited
to sensing an irragea%?éthg of 19 r 4ee :?lil%‘ﬂjfggT eéigr%b%@gﬁg?éi%%%%ﬂé&

recei ves infor rrggﬁ% gir’][% {Iggpb%%l%m? h&ﬁ’ Ear 1%2%&@:9&{ €S i%}% aph

showi ng the rel ween e Tum nanc ue an he angl e as

shown 11 1 G 4({ 0s Renlesiidiedh t abes Jprdent MBSfeseisbizer 501 anal yzes an

i mge sensed by t

FIGS. 7A, 7B, and 7C are views showing a display
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



i mge sensing unit 4, extracts defects such as filmthickness variations,
dust, and flaws on the sem conductor wafer 2, and causes the inmage display
unit 6 15 to display information such as the types, nunbers, positions, and
.areas of these defects. On the basis of this graph generated by the inmage
anal yzer 501 and showi ng the rel ationship between the | um nance val ue and
the angle, the determ nation unit 502 determ nes 20 the position of the
nt h-order light, which is best suited to S%ervation, of the diffracted
| i ght sensed by the inmage sensing unit 4. The stage novenent rotation
controller 8 noves the stage 1 having the sen conductor wafer 2 placed 25
on it in one dig¥tiBH ki R AN SRIR oI HP W XH §hedfd sensi ng by t he
i mge sensing unit 4, and also controls rotation and positioning of the
stage 1. 18 A CE GG G VR @ G REHE R TR A TP ng  he
stage 1 itself. Howeyer K it is favorable to forma rotary stage for placing
a seni conduct or2SeHEh ¢ B t%eev?fﬁi TR I?T%I%/%bcfg @?%g%relgearh% rotate
this 5 rotaryf%é§§htfqhacquire an interference i mge, the optical system
S

controller 9 con ‘e insertion of an interference filter 41 and the

|'i ght apg#nt of the #iéynifa{én? yg%&t%%og?ﬁgiéﬁugﬁgg{ﬁgnogpgﬁg controller

10 cont s the inclination angle umnating 10 unit 3 with
respect to the syufane-ofidhe sed coduet osyyadRro2 e agepsgiance with
instructions fromthe host conputer 5. The substrate transfer unit 11 picks
up seni conduct ade t@d €1 15g 2aiber HyuHnecdd B iy StOr Elge Sdoekel dmssshhéet not
shown) and pl aces the 15 sem conductor wafer 2 on the stage 1. After defect
i nspection, thesutisé ratesémiansiesntivi; 11 returns the sem conductor wafer
2 on the stage 1 to the stocker. The operation of the defect detecting
appar at us confi guredfa8. abdvieswal flbe descti bedwbedothe20ré¢&luBeis a fl ow
chart showi ng the procedure of setting the inclination angle of the
i1lum natd ng uref seittieo ablew elniel Beat Het cah 9 hes apbarat bsl U RaEing hat
inclination angle of the illumnating unit 3, which is best suited to
sensing an i mnagébf PR HNRYP aTPRIULPY ghripsinstRetdefpet AW ERMRY shown in
FIG 3 is executed when an inspector designates fromthe ingut unit 7 the
start of setti nPRATARIF | FEHPFA IOt AnGPe ?%Ye%5%3?£%°dlmﬂ© anti MGe of the
diffracted light, Firét t he, substrate transfer unit 11 picks up a
seni conduct or Waf @72 f%?V%%Y%?%g the angle of the diffracted |ight from
t he stocker (not sho , d. r r I S ! duct or wafer
ﬁﬁ%. ?9 1§ L g%é%? §h8ﬁ9n 2hE rET?F%?H&ﬁgg

2 onto the stage 1. stage nov rotation contro sitions this

stage 1 pf “hiC@efﬁgﬁﬁeﬁﬁ&°ﬂ@ﬁfﬁ9ﬁc@£@§1ug L8aPtRECEng1 8 8LEPrPingt he host

computer 5 sets on the 10 sem conductor wafer 2 a position mhichm?he
illumnating ungd SnérsadértesSembbliméneasri thenppasens Lhoshtidn; step S2,

the illum nation angle controller 10 sets the inclination angle of the
illumnating unit 3 WIGh nespeck yeapheshowiagetht tbeaseonhshhguct or wafer
? 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 value and the
illumination angle according to the ninth embodiment of
the present invention;

FIGS. 167, 16B, and 16C are views showing a
25 display example of an image display unit in a defect

detecting apparatus according to the 11lth embodiment of

the present invention;



15 to an initially set angle (rotation start position). In step S3, while
the inclination angle of the illum nating unit 3 is changed in turn from
this initially set angle, the imge sensing unit 4 receives the diffracted
Jight fromthe surface of the sem conductor 20 wafer 2 at each inclination
angle. The data of the diffracted |ight thus received by the i nage sensing
unit 4 is supplied to the host conputer 5, In step S4, the host conputer 5
cal cul ates the average val ue of the | uni ndfice val ues of the diffracted 25

| i ght received by the imge sensing unit 4 at each inclination angle of the
illTumnating unit 3, and outputs to the imge anal yzer 501 these average

4 20 |uminance val f8$-ad dfi farfd&@Rfaley rté'%epd:r?glia}fglqrt?bt% i ndi vi dual
inclination angles. The i e .anal yzer 501 perforns ,i,nage pr.ocessi to
generate a gra%ﬁtﬂﬁﬁna§h§h IngnEegvagu 'Qé;q (ﬁ%ﬁ%ﬁﬁ§q4%§QQﬂ%%£%%ship 5
bet ween the | um nance val ue and angl e,. The i a r. 501 then
suppl i es i nf or A0 BEs & S t#ezhcglr ap Otd-olmﬁtuilgC (?e'?g%n@' Zri%lséegltuni t 502. In
step S5, on th%ﬂ%@ﬂﬁiég'the above graph, the determ nation unit 502
determi nes the "posi |pn’of the 10 nth-order light, which is best suited to
observatizon, of the gidfracted d ight, sansethdyad ui IBge senaidg unit 4.

The determ nation result obtal ned by the determnation unit 502 is supplied

to the illum naldgn ANYE HPNH @l Balfe JehSilRP s tdarid | umi nation 15
angle controller 10 sets that angle (A shown in FIG 4) on the graph, which

corresponds to jftthempestiin) Hfstetn ®f d hixfddtstdarataring ghipadettarsr ned to
be best suited to observation by the determ nation unit 502, as an
inclination angleeckdifng e itHeurd Mtdt ienpadiinier® waf 1RO prespett to the

sem conductor wafer 2. In step S7, the set inclination angle Ais stored in
t he storage uniin®dgigin;t he host conmputer 5. The setting of the inclination
angle of the illumnating unit 3 as described above is performed 25 for
each typd® of object FIGbel 9 nkperteteanhdwingaah ¢abkirat?bntR¢ep of the
obj ect. Each individual set inclination angle is stored in_the storage unit
503. 4 21 Wherpnfeiauiat et i bRtk rorHERl i e Rt ype of obj ect

in the sane step, the inclination angle stored int torage, unit, 503 is
used. Next, defcgecttescﬁ)’fn% %ﬁ%%cﬁ‘g‘?oﬁg]fré? ?at{}ée g]??%ép AHTEH t he
illum nating uni éhthugaset af tgﬁ%cgﬁjnun1inclination angle A. First, the
i nspect or desi giiat'e RS ETAT (1 BF et i nspection fromthe input unit 7.

The substrate transfgrsUnyy 1d Rl iy U0adyoog! EADULEL OF i URERL L 2r88waen
object to be inspected 10 fromthe stocker (hot shown), and transfers and
places 15 the incidence angle of illuminating light to a resist
film and the image sensing angle according to the 18th
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



the sem conductor wafer 2 onto the stage 1. Fromthis state, the stage
novenent rotation controller 8 noves the stage 1 in one direction (X
direction) at a constant velocity. In synchronismwth this novenment, 15
.the image sensing unit 4 senses an image of the diffracted light line by
line in a direction perpendicular to the noving direction of the stage 1.
Each diffracted i mage sensed by the imge sensing unit 4 is transferred to
the i mage anal yzer 501 until 20 the entird3surface of the seni conductor
wafer 2 is conpletely scanned. Wen diffracted inages fromthe entire
surface of the sem conductor wafer 2 are conpletely sensed after that, the
optical systemdsdratgingerappanadars aderding ricerthe it fanhqdingnt nto t he
i mage sensing optical path, and optimally controls the |ight amunt of the
i|lumnating umift the Arasenthe BVt i on angl e 22 controller 10 sets
the inclination angle of the ill ect .to

um nating unit 3, wWwth res th
surface of the sem corfductor: e eﬂ?"t‘f}“%ﬁt OPRELIY a'lr}@?ep %‘?e%%ﬂ%i%g an
interference i mage.. The setting. of, the timum 5 angl.es t he- i1, um nating
unit 3 and the I ecg]élgseaf%iorPgt]dﬁW léf”i/ﬁrtﬁ Tespect” oeqalﬁnitﬁ{eer eefréeénéce i mage
i s done a ne d..of of 1t 8 ; ' t ! i bed
| at er. F%{)m t hi&sehcg A ler}cjat & as]iaaég}gs #D%%ﬁ%%ﬁz%oaﬁ%%%lﬁo%ﬁﬁ%%s%ves

the stage 1 at t?necgﬁséféﬂt Vﬁ{\pﬁg{g%ﬂn Zhdli rection opposite to the
nsi

diffracted i mage s ng ditection. 1n synchronismwth this novenment, the

| mage sensing unit 4pfENnses Ag é”@E@pl@fsﬁ&ﬁ‘iﬂl@t@ﬁéef@ﬂ&@i&)ﬁglm%| ine by line
in the direction 15 perpendicular to the noving direction of the stage 1.

Each interfer engevd@gecisensesh iynddievd Ihg ears@nshd gi Lnirhi da t Sort ramgier r ed
to the image anal yzer 501 until the entire surface of the sem conductor

wafer 2 is conpetetdisgannetthe 200 thhesmibdrdi e f ract Ede | progesniand
interference i mages fromthe whole surface of the sem conductor wafer 2 are
conpl et ely sensewveritisrnt hat, the i mage anal yzer 501 anal yzes these i mages.
By this processing, defects such as filmthickness variations, dust, and
flaws on 25 the seni cBadtctedewdper CargyénagxPrbcPédthandnpreEesnof
information such as the types, nunbers, positions, and areas_of these
defects are displ ayetppdihentsageé the phegerp| AYVERFLCR. WThé Phage

anal yzer 501 can also classjfy these %eces of information on the extracted
defects in accol@RHEEPSH t le‘Pl‘éi‘?mf]@rp’é‘g SFERAR TP KEDE aAGCLIRFRY I
classified informatjon in the storage 5 unit 503. It is also possible to

di spl ay the sen$®d'Hi¥fracted i mages and interference i mages on the inage

di spl ay %}t 6, and gkb(_)%tggugwgggt é?&gn}lﬁir]%{.fagwl-ggc%;t ?gge i mges to

extract ects. The sem conduct or wa s conplete i nspected is

returned to the.sfockerabyohNersubsifabe LERDSAET syBténldnaSubsequently,
the substrate transfer unit 11 transfers an uni hspected sem conductor wafer

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 arranged 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



2 fromthe stocker and places it on the stage 1. Before diffracted inmages
are re-sensed, the inclination 15 angle A of the illumnating unit 3 stored
in the storage unit 503 of the host conputer 5 is read out. The
Jllumnation angle controller 10 automatically sets the inclination angle

of the illumnating unit 3 with respect to the sem conductor wafer 2 to the
optimum 20 state, i.e., the angle A In thls first enbodi nent, while the
inclination angle of the illum nating uni 93 is changed, the di f f r act ed

light fromthe surface of the sem conductor wafer 2 is received by the

i mage sensing unit 4 at each 25 inclination angle. The average val ue of the
| um nance val udofimage HEFFTIRG el ghtis snaligciadd 2 [P Eﬁ'(?l“d?f]d‘tﬁfi 20,

as shown in FIG 4, which indicates the 24 rel ationshi %f en t he
average | um nar?ééﬂ\ﬁalt&e TR St"ri%falcrﬁzlci%di}}eorﬁeé‘ﬁgq‘@ ue éﬁ? The

first-order t of the diffracted | s determ dfromths r aph,
alnd t he incl | n A egelciTSJtr}ﬂa L}rHtul rﬁﬁrlisr?gs'S ]Lfrﬂetrléy i Ll acﬁ‘n 1[n%ég‘fgasi s

of this deternl ti.on res Co t i ) siblet itically
set that inclina |tohnanca di fejéro‘qEC J'Sl %%én% 4 ghé &%éﬁhl%hﬁ?egu%é}{? sui ted

to sensing an i @Jo£ L heaflle 13, a%ﬁﬂ:ﬂ J@t%eﬁ%‘reﬁ%dl%% Obf Al M Ghsigual ity

10 diffracted |nages 0 perform accura tection on the basis

of these diffragtedd %1%5%%&% t Aot it DAt 107s aig e Of the
illumnating unit 3 1s set beforehand for a sem conductor waf er 2 for angle

setting, and apﬁ%ﬂsﬁﬁzgir auetef ecti d nspesd Wit 50 e conduet orivel Bied 2
after that. Accordin sem conduct or wafers 2 having diverse patterns can
be inspected. Qﬁéiméﬁeﬁﬂf@@rﬁﬂ@éatim of 1 umimaegengemsi hg3 syt em  an
illum nating systemand a control systemof 20 a defect detecting apparatus
accordi ng to tHee ssctontedndowdimenttiod imel presemt amykeationtle eswfrfddar to
those shown in FIGS. 1 and 2, respectively. In this second enbodi nent, two
or nDrehQIlunrﬂﬁltﬁpI$%mncwmd@&ﬁQﬁ|Wﬂi@©$2t¢@msb%r@d$@Qt©® vl ek conduct or
wafer 25 2. As in the first enbodi ment, a substrate transfer unit 11 picks
up a seni conduct RrSREeerined %@’ﬂ-‘ﬁng 'Ties ahbl @nbra i g raRted® 1 §3fht from a
st ocker (not 25_shown @ and | aces the sem conductor wafer. 2 on a stage
1. Next, a host "co@p’fﬁ‘er © %e‘ii% tHe epq’ﬂ‘éh‘?%t}?%nalbo%f FHhsCoh Phe
seniconductor waf 4 m@;ch an illumnating unit 3 irradiates with |inear
5 illum nating W?éﬁﬁn %46 S¥PREL: vj ew showi ng a di splay exanple on an

i mage di splay unit 6 ¥§et9elge£e9£e9egﬁgwiﬂg ggpﬁﬁgiyﬁeaggOEﬁ%ng.to t he

second enbodi nent of present 1T nvention I'STsecon odi nent, an

| mage Of éhe 10c§ff§{1&9§aeioﬁh8fsg%89@ﬂ et 9Y s ﬂ@;geaf%hé $55$€04 Beagvance,

and a er i mge is displayed on t isplay unit 6 as shown in

FIG 5. An lnsp&@tt_@étfi@geép BHESO! ZQ@thﬁﬂh?y@Q pnGt he, i geges€i spl ay unit
6 froman input unit 7, sets two or nore [inear 15 |IIun1nat|ng | i ght

irradiation poscémp@eeﬂs Oﬂstb@nﬂéépé@y’ed vaéeimbgageeRdindouset &hese
irradiation positions 22, the vertical size (the size in the noving
direction of themsgageidpleay anthi f, 28noinphe waier7j naget2dei sovement
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.



20 i nput beforehand. A first irradiation position 22 is set on a
predeterm ned chip 23 by the cursor 22a. In addition, second and subsequent
irradiation positions 22 shifted by the size of one chip 23 fromthis
Jrradiation 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 sanme position on the individual chips 23. It is of
26 course al so possible to individually sét’ these irradiation positions 22
by the cursor 22a. Furthernore, it is possible to set a line (vertical
cursor) perpendicular to the Iine (horizontal cursor) of each 5 irradiation
position 22, and setThe MRAtatGHPHES 13 4IRS RP tHAIH AW FREF tHE set ti ng
region. In this state, an.illumnatiao anql controller 10 ts the
i nclination and EFETHEFHIWMURG M unid é i SHP A L gr’eoti'e surface of

th i conduct or, wafer, 10 2 t initial t the rotati
Start  posi 11 on 1TV S Athe R TTat] O ) RS LoD 11 [STRHELI Y uni 3 i s

changed in turn_ fr.omthe initiall t e. W t e first
irradiation pos‘zlatﬁl(?ﬁlszfoélr#}t%leao eeyﬁaic(;eir?dﬁsggjberce&%a%%ﬁ; g?cp%ettantq}atrr%ge sensi ng

uni 14 racel ves, e i {ached  1ahiedd M Al ag el L et or

wafer 2 at each i1nclination ta of the diffracted light thus

recei ved by the,dJmgs; Sensitg d8Hdil ish SuRRd &k thd hel hosiceaaputer 5. 20
The host conputer 5 calcul ates the average val ue of the |um nance val ues of
the diffracted 1igHy, reqpl iethqd gachyidel doatiare argd eirofordietidn uni nati ng
unit 3, and outputs to an inmage anal yzer 501 these average | um nance val ues
as | um nance vatnms 2k ¢rgtesponditngr tD, tdred igeherahesd a netaptat sloowiongl es.
The i mage anal yzer 501 perforns imge processing to generate a graph 20, as
shown in FIG 4hehiclatid@yshinilstwsen hehe eluntimste vdetewsnd t e

| um nance val ue and the angle. The operation of calculating the average

val ue oflQ he | wmdlemoes whiaws 61 FHe i f fradredesghtbegdlatRr generati on of
the graph are perfornmed for 5 all irradiation positions 22. The inmage

anal yzer 501 geM® aieagq sl Yaeiph0l mhahi3egy ahelPadaut$emeet pPheti®en the

| um nance val ue, and the angle, which correspon o the individ
i rradiation pos}W#%s?eZEl%dl%$p44 e"sxﬁﬁ%t??m‘g?%%c%%s%%&bna? h)git“graphs to
10,2, determ nath o0 Hikle S0 LLTE, DR5LE, lnd "R SRy Reicon:
e orer b MR BT LI PETSERRY dlept moeygeng. o
firSt'OHQ?r lig@% &Esﬂfﬁ& 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.



diffracted light in all irradiation positions 22. This determ nation result
obt.ai ned by the determ nation unit 502 is supplied to the illum nation
angle controller 10. In accordance with the determ nation result, the 20
Jllumnation angle controller 10 sets the inclination angle of the
illumnating unit 3 with respect to the sem conductor wafer 2. The set
inclination angle is stored in a storage unit 503 of the host conputer 5.
In this second embodi nent, two or nore |inféar 25 illumnating Iight
irradiation positions are set on the sem conductor wafer 2, and the average
val ue of the | um nance values of the diffracted Iight in each 28 position
i s cal cul at ed. THs@EerinonfEpeRYa RN catdare ’F tHeted RY it L et ween
each average |um nance value and the angle is, generated. The first-order
light of the ditf§e &dtage 1§ gHisqkf dethRUStE r ot the BYR&aRR ¥ 1ddke

graphs, and the inclination angle of the illumnati unit 3. with respect
to the senm conduciVrd WarsrrdE igo%éiol.a%b%rabi%ﬁufoqcﬁgcﬁ%lwqﬁ‘ﬂ o' angl e can

be set with higher_ accuracy. than .in_the.first, e i t scrihed. above.
10 In the abovg‘_seocrbﬁta“eeﬁﬁéﬁ% l,yt%oevaa]?/ieer aég%aég%e%#] If(%gaf%rrt?ﬁﬁsnce
values is calc i g rat i.on. of ta&gf t hgds of
statisti ?’s suc# asae% nsti}xalt(%uem ﬁuﬁéi‘%}‘ﬁ %I?a%éar_ L evl at ?I()n;l]adg'n al SO be
used. Furthermyg; the 44 dancs val it 0fg eashttdne die calsder phedieted and

wei ghted by conparing it"wth an Interference i mage described earlier.

Qutlines of theyconitguratdane of i Biet NBOCS@NSh OOl Syt edfodit |4 F URdat i ng
system and a control system of a defect detecting apparatus according to

the third 20 enbodinmetolg tdei Presenthé VENIn Dk 6d &n Sdd 1 arcéwt £ hbber shown
in FIGS. 1 and 2, respectively. In this third enbodi nent, even when the
first-order |igh @nthel difHe artedidatghdn cannbod df vied | i detrettedinogd ng to
the state of patterns on a sem conductor wafer 2, 25 an illumnating unit
is set dt0an optiitund anptle véspeohith tireiswptacd ohetlie rsemirerducight of
the diffracted |ight can be sensed. 29 In the first and second
enbodi ment s, am’g&ra% iheaperrdanse of L Emel pe Rreebeens | HRem ublke BPsYy
appears, as shown in FIG 6, depending on the state of pjg{ter ns on a

g

sem conduct or VEFBRUEST | 9. o FhrepPHRR R bR e BYS Behnt it hhgk! aRhFYSefP 501 and
indicating the relationship between the angle and_the average |um nance
val ue of the di??mhﬁ?%ﬁuﬁ‘gﬁtw?ﬁgﬁ ot n&éc‘ﬁn? ntFPRat i B°5R%F e of an
illTumnating unit 3. The first-order, light positio t diffracted |ight
cannot be det ec?%%cﬁﬁrff%?‘r‘??%?%egr%%% A oa%dd%?%%ns natton unit 502

cannot_dey er m neek heol iistopr gefel | 8bn ofnt hecghd iy actggcLE dblecla Lhis

case, a host conputer S a predetermned an a preset reference

inclination angl gipREeSER] eehé Ns@o St PERECL HAhEFEP3uANE COrFespendi fget 0 15
the first-order light position, e.g., an angle at which flaws can be easily

seen in a dark éeidohdBgEor ThaSepredehetRenstagsgl etosthoysobcrarangl e

previ ously obtained by sinmulation, an inclination angle used in the

previ ous defect deteCTheoopeaatian afigkkestHefted detecting apparatus
configured as above will be described below.

20 FIG. 3 is a flow chart showing the procedure of
setting the inclination angle of the illuminating unit
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 inspector designates from the input unit 7 the

start of setting of an illumination angle for sensing



20 about 5 to 10 from 45 at which a dark field image can be acquired.

Al t.ernatively, an inspector can designate a position 24 assuned to be the
first-order light of the diffracted Iight 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 Iight, an illum nation angle controller
10 sets the inclination angle of the illummnnating unit 3 with 30 respect
to the semiconductor wafer 2. This inclinafion angle is stored in the
storage unit 503 of the host computer 5. Furthernore, for each of a
plurality of (e. g., 5 five) sem conductor. wafers 2 in a stocker (not
shown), the i made @iy od el ddfifrgstedatd A tgraph 20, as shown in FIG 4,

whi ch indicates the rel ationshi p between the | um nance val ue and the angl e.

In this case, an indpecitor d¥si et R RS bt the PEFHS 18] - or der
light of the diffracted Jight on the t appr.apriate graph s ted from
alngi nput unit If" Sﬁnlmq%ﬁ/,watff?g &2?? m%&ﬁﬂ%}# 3&19‘[ ¢ ?gc %ct the
nost appropri at e qof e qr.aphs ner at.e the . nal r 501, and
automaﬂocaiol y ét%qﬁﬁ?%e%g (;n&hfgng?tht %’tfo:jcr}%/r o&c?eer %gﬁa) ‘of e

diffracted Ii . , fi rste
ITTracte lgif{}rfa?{agcéée}? lalqgcﬁ addl A6 GG MRREMIER IS Td Il orded

light of the d as shown in FIG 6 cannot be detected in any

of ‘a plurality Qfs @ aphs, THN& RRA Widerint hoddtidn ddiairdight of the

diffracted 20 |ight can be determ ned fromthe nost appropriate graph as

shown in FIG 4oshhe g eHidaitiae unidn 54 garckd sseciadaidwdte t hea Barer age
val ue of the positions of the first-order light of the diffracted |ight

fromthe plurald tis gflggeaphs, or cal cul ate the position of the 25
first-order light of the diffracted |ight at which the | um nance value is a
maxi nrum and aut omatircadtgp stt, ttiad hpost t¢amputer t hesab®dven ptloeessing for a
plurality 31 of sem conductor wafers 2, a sem conductor wafer 2 whose
graph i 40 ar gelsemdiddrahutiion mafigthcs e afopittharn g8 dodir tioklurifasing | s
excl uded from objects of inspection. 5 In this third enbodi nent, when the

first-order |igHtitof3 tHeafiatemtvedh | GHtedanhot b aietnd detEted owing to
the state of patterns on the sem.conductor wafer 2, redet efqn' ned
reference angl é1 SR Sor tﬁhee ARG AN ‘?‘?D?%”(pqﬁred%r iS5 of the
diffracted 10 Iljght, is designated on raph. . Furihernore, th S
appropriate gr a’ﬂ'ﬁei]smiszlrforéaetr% I?‘oarﬁ%leplqaﬁ g?kll‘{)yl ]If:u%lr%%%lsn%di%le%;a le%hfor a
DY o PO Al Sk SR AN AL LTS | Sorpodiifpecd o £ (110

position of the firstor I's calculate romthe average val ue of 15

a pluraligy of ¢f apsi, (NSPONaL YanfVEN MO Adh | HEPPE ORES AL £o,0f aDh as

shown in FIG 6 1s generated, “1s possible to set an optinum angle of the
ilTumnating unid S& 99 Ghhate i tmgeiwtl iherfon sin@rélesr | tighti pfuhhe

diffracted light can be accurately sensed.
nating unit 3 is changed in turn from this initially
set angle, the image sensing unit 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



20 Qutlines of the configuration of an i nage sensing system an

ill.um nating systemand a control system of a defect detecting apparatus
according to the fourth enbodi mrent of the present invention are simlar to
.those shown in FIGS. 1 and 2, respectively. In this 25 fourth enbodi ment,
the irradiation positions of an illumnating unit are set for a plurality
of subdivided regions differing in, e.g., pattern w dth, shape, 32 and
direction in one chip on a sem conduct or fer 2. As in the first to third
enbodi ments, a substrate transfer unit 11 picks up a sem conductor wafer 2
for setting the angle of diffracted Iight froma stocker 5 (not shown), and
pl aces the senl¢@idadcs Vadiies 2sod UpidEagge ValNes corapsRondemsutt® 5 sets
on the sem conductaor wafer 2 the position of an illymnating unit 3 which
irradi ates il dhafidHy idugnt InelgratAans angjicsiy sﬁg\ﬁ Agfed iR L7 S anpl e
on an 10 inmage display. unit .6 in the defect detecting.a paratu?il %cordi ng
to the fourth e'r’gﬂocm 5 1R S RISERE ST e itd AFPHIGS. 38Tk ‘ar e

partial enlarged views aqf E 7A. Ln thi.s enbaqdi t imge .af the
surface of the SemCshuddt ogrﬁii/\'/af@r "’iuictsl'1 slé’r??ec %éorrg%éan OB waf er

i mage 25 s displ { [ di_spl | t own iy Rl A

| ar ge nur?ber o] ct%‘?%gl %gieatlﬁlédnlge i Vza[?Lnugetyrall%{)%i n%%ngaﬁlgg%e' dirllsp alﬁcaagéﬁn t he
waf er i mage 25. ;szrg}wrg jIn I/ ; [ aldd vl of
pattern regi onsan%gl , 20 2d61b,&lae(r11%d 512% o gﬁ%sfcgrrgrﬂ%g}atr?%gﬁé%attern wi dt h,
shape, and di r%qté'fqp.to lthd e Sirditret iddh IisRreaaqy, operates an input unit 7
to nove a cursor 27a displayed on the i mge display unit 6, thereby

desi gnating the col umm ofeR>s% mredaierradies ehiftheGlosvd herawi ertherage 25
and al so designating a predetermned region. If the inspector designates a
regi on 261 cor réesprondineg: itan turel tpdiGerdetermBh aedgilon RGH thiora afuses poi nt er
or the Iike on the cursor 27a which designates the pattern region 26a, the
host conput er Sigdeterder ilighti nathiingh lighest rawitad g pdsiar@LEion.on t he
waf er image 25 such that, as shown 5 in FIG 7C this irradiation position
27 crosses the Qfediln et rasrtyeds por@i th o el athd Yt rifiad))i B 6W of each

chip 26. If chips 26 are also present in the row directi or}aﬁt ;Lga si ze
(vertical sizeUft dhe i FFITHHRITOT rrethH i PRELioh B i s

| cul at ed, d t h, 10 i i ati.on, i ti.ol 7] t t,0,
agi on 261 cor HAOTNARS 19} bk (11 Tgh tHF S 010 G e Bo A hi s
tate, il lum nati I troll t [ ' ' I f
The. 11 um nat | T OIS L Eh Thopdil Teos e suTacks SRR R2G Conduct or

vafer 20 an 1Hdialdoneah A0l At D n Ol Al O SIRTInRAS! 4 O From Lhi's

state, while the Tnclination angle of the mnating unit 3 1is changed in
turn with respest e tdeadh F Sihi¢n ash @td SHMES| £ Oh & ¢ en 29F,

sem conductor wafer 2,” an inage sensing unit 4 receives the diffracted
light fromthe sujfaceheffiher patder Nl 29e cdsteapnnest ngo tise tihest egi on 261

at each inclination angle. The data of the diffracted |light thus received
by the inmage sensitgd ud todsésvastim iley tloe tdetdmsination unit 502, as
an inclination angle A of the illuminating unit 3 with
20 respect to the semiconductor wafer 2. 1In step S7, 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.



25 conputer 5. The host conmputer 5 cal cul ates the average val ue of the

| um nance val ues of the diffracted |ight 34 corresponding to the region
261 received at each inclination angle of the illumnating unit 3, and
JOoutputs to an inage anal yzer 501 these average |um nance val ues as

| um nance val ues corresponding to 5 the individual inclination angles. The
i mage anal yzer 501 perforns i mge process'?g to generate a graph 20, as
shown in FIG 4, which indicates the relafionship between the | um nance
val ue and the angle. The operation of calculating the average val ue of the

10 lum nance values of the diffracted |i %ht and th% %eq:%r ation %];%Et he graph
are perfornmed P&enadgtech iDFPSCirradiSaPedt op8es: itohs 2 SPe T¥RGe
anal yzer 501 generat.es  thos aphs indicating.the.relationshi.p between the
| umi nance val u@*aR®IERE alﬁ’gl%él% WHFh SHEPe o R s&@ﬁgllﬂ?ttlﬁé‘ RN dual
irradiation positffk%@sgg,t%%ﬁi%%ei %%iitnfs)cbr?’nqtsi er%elgﬁsed on these graphs to

a determ nati o e Pasi s 'of these graphs, the determ nation

unit 502 cal cul at esé\t%ﬁ/ﬁ%é)folﬁ- he s%?rﬁﬂédr&ﬂﬁ:tﬁ;r ther A0 £ i4,88 - order

light of the diffra t wth respect to each pattern region 26a, and

deter mi nes that; fhies: 1 aVPRAGE YHIS 1% ROY tiraR of dfie fddistator der | ght
of the diffracted light in all irradiation positions 27. This determ nation

resul t obtai nedry dora et amd) i2k tidn hgid A S50Firstsupld ehdpedtiee
illumnation angle controller 10. In accordance with the determ nation
result, the illdg¥ingldtes atg &ttt rof ldyfedt sSetspddidon IFxrdmdhenati on
angle of the illumnating unit 3 with respect to the sem conductor wafer 2.
The set incli natrdpart anglte 1.s Sither edhlst ma tst drreeges flgy tarbi03 10f gilekshoxt
computer 5. 5 In this fourth enbodi ment, the pattern region 26a of the chip
26 is described sdovievrduatiny fWafstr ¢ der an gt et thee keptinaractiad r act ed

| ight can be detected for the other pattern regi ons 26b and 26¢

similarllyP settifrpm ddieormsamiees rinal &N Ipoand dﬁ"i%ar}srf@trfﬁesaé“ﬁ@l%qser n
i 117 act ed || G SPBE TSP I S o (HEHA | RIS pod Tbrid i o
115 al'e0 posGiiiIen & ol S T CRATH s y O SR A i ORE {hi n
e conte, O CRENLEIE O (AL 1SR 20 oy SRS AR el ote the
e ngiet 11 adl B AL RO APy AN A GRS LRt ] SRV TRIFer @ e | S
15 the image sensing unit 4 senses an image of the
diffracted light line by line in a direction
perpendicular to the moving direction of the stage 1.
Each 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



20 of the first-order light of the diffracted light in all irradiation
positions. Regions corresponding to the pattern regions 26a to 26¢c on the
chip 26 can also be set by using CAD information (design information) used
JJn achip 25 designing process. This CAD information is | oaded into the
host conputer 5 froma CAD unit 32 via a design information anal yzer 31.
When this is the case, it is 36 al so pogiible, by setting regions from
the CAD information, to detect the centers$<of these regions 26a to 26c and
their wwdths in the line illumnnating direction, and automatically set the

irradiation 5 position 27 and the region 261. In this fourth enbodi nent,
the inclinati offAHgIE 16T tHe sqtufmhfatitg atiod &Wise Yetth%r each of the

pattern regions, 26a to 26¢c of the chip 26 on the seni conduct or fer 2.
Therefore, ever?-]afr%rt?éilé}q & ifo 3 I’ffltf&ha‘iqqﬂ?% %%gtr&%i%l%qes Q\,J\‘eestﬁ}eed,
accurate diffracted | s can be ui red. tlines of the configuration
of an i mage sengsangcosrggl{gte r é’f‘?%ﬁ %q:r?atalrhdj% “E?naﬂ&cliea Qoo%tsreorfsjs Lt em of

a defect detecting S. acco ng 4,0 t i e 'qﬁﬂﬁ of the
present invent iaonn%an&geolge?né? ar- tlgn{%o‘se fs eom#eclgnlrﬁ &ésflhgﬁ%l
respectiwely. | { ¢ f Qi et 5 i rstoydgle 14 tden
di ffract \gg | gha{t}lqlrsgsze% ec%lged y us]i ng l_orh(%h‘g}lde (tahe_ + s? diengé(;&ret ee - sglI de of
the axis of theanle wundgbdhadxd s Htdihetdiidaneegyal diedor By
graph, generated by inage analysis, which indicates the relationship
between the | und neryal tlaaandh t thang@th A5 21t handdd Sieritos fowrdd
enbodi nents, a substrate transfer unit 11 picks up a sem conductor wafer 2
for setting thaedédcmiispd Idtat ffracted Iight froma stocker (not shown),
and places the sem conductor wafer 2 on a stage 1. Next, a host computer 5
sets on this senm conBuehothis 37takd ertiRe as poge thovemtmthrapatidmm nati ng
unit 3 irradiates with line illumnating light. In this state, an
i 11 umi natd on amgprtrohten|§ aroves sthe 3thage nkldahaa i emnsipaile vlowkty
illumnating unit 3 5 with respect to the surface of the sem conductor
wafer 2 to an it td disecetommprosste hee rotatdbhf 53 @Fed pbRdde oL t hi s
state, while the incljnation angle of the iJlumnating unit 3 is changed in
turn, an imge G P t1 ?gk‘g?w&lﬁlﬁewjd?kfﬁré’c? e‘PJgY?IE]GF'Rtio fromthe
surface of the sem conductor wafer 2 a ch inclination angle. The data of
the diffracted tfskil%h:‘tm?%%sser%%leﬁl%elg%%/ %h%gtllsrr%sgea%elrl@%%% %ﬁi ‘?n% is supplied
to the host co C ter p;.cal cul S verage val ue 15
V%fférer? 8t g&ﬁt i‘ﬂ?é‘tk‘g;é fu‘f ol ale d%f‘%@%

of the | um nance ues o diffrac Ight” recerve e i nmage

sensing unit 4 4l 68k Lotk nad | Ofle ARGy EnTal Rect1dMM pathdgstihd B, and

outputs to an i‘mage analyzer 501 these average |um nance val ues”as
| um nance val uesa &R 1e6PPREH Eficé 01 iy heeh S8 Vib flughe | NEdGOaE &R0 ATl es. The

i mge anal yzer 501 perforns inage processing to generate a graph 20c, as
shown in FIG 8unithi£his ntigwsesride tel avé onshge esleesrt bel | withhnce
val ue and the angle. The inmage anal yzer 501 supplies information based on
this graph 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 semiconductor wafer 2 are extracted, and pieces of

information such as the types, numbers, positions, and

areas of these defects are displayed on the image



25 to a determnation unit 502. Assum ng that the Oth-order |ight of the
di f.ffracted |ight exceeding the maxi mum | um nance val ue 38 is received by
the i mage sensing unit 4 when the inclination angle of the illum nating
unit 3 is 45 the determ nation unit 502 uses only the graph 20c of one
side as showmn in FIG 8. That is, referring to 5 FIG 8, the determ nation
unit 502 tracks the |lum nance value while ving to the right in FIG 8 on
the graph fromthe position of the Oth-orag‘r) | ight as a peak. The

determ nation unit 502 determ nes that a position 28, where the | um nance
val ue reaches the next peak 10 after once falling fromthe Ot h-order I|ight
position, is tKESRIHEY W of6 + he' 9 AL FErRr 1Y% W 197 RY¥FF acted |ight .

If a range withiin which the firstorder_Il.ight of the diffracted |ight exists
i's knovvngto sorfe 3¢ ,ttl'te}‘Fee PS5 P DA TN S | e’irac%ﬂe&w al so

be determ ned b reviausly designatin r.ti.on dj.acent. .t o Jbefore and
after the predi%etfged:%osﬂ i%%coor?dﬁq}lcee 1 s}??cohrealerr sﬁ&g%f? o:rs taher o]tlg{el’ng range,
and detecting t of e ; I]{]ﬁgi]m hin thi agwt%\;w

Al ternatively, 1 o {)sgta%oesstl%%]ec%?s&gslﬁ%rlglt e aéﬁmarggler?w&t%i n al‘%% t he
first-order 1igiid ssdel | all v O ANGHLANIAE the dNGlidptinh A&y of the

illumnating unit 3 1s changed fromthe predicted position of the Oth-order

l'ight, and det egtrdhe-Redkipigddandd rstcorteredddMmaddDidh tiis fnge. 25

This determ nation result obtained by the determ nation unit 502 is
supplied to thejiddiug natiton ante oW ddHerirddbedtoBceordiongel Wt h the

39 determnation result, the illum nation angle controller 10 sets the
inclination angileead ttheese |imagemticneuirdct3 defdcttespect to the

sem conductor wafer 2. The set inclination angle is stored in a storage
unit 503 of 5 the hoBlte cosmpiterddcton whfer 2 f thusndouphebelyt he
first-order light of the diffracted |ight can be detected by using only the
graph ofl®ne sildsReckbuwrs i FeRImed tg e atteer kst itmgehranitlysisateni ch

i ndi cates the rel ationship 10 between the | um nance val ue and the angl e.
Therefore, rapiltFamyier sttt ngl carr WS IR hed. the SHFETde tFRHHET tion

of the first-order |jght can_be determ ned b esi gnati the rotatin
range of the i ¥k nfa‘?i?f@arﬁﬁﬁefr% A %Jrrésr‘%‘:éc\}rl\?‘gh? W‘n‘?réﬁg?%%rf‘f? ?Eorger

light is 15 reliably cantained. In this, case,.the positjon of.the
first-order Ii tp{:%ﬁ esseﬁoﬁlﬁre_?% i%llr%lc.:e%ﬁ#i%%sﬂg? ?gaeg%olnfiguration of

oo oSy, b Al en s artagi e st Enand e co lcpigener o
present jdventi oA ea S ¢ {Pluminating unit 3 stored in the
storage unit 503 of the host computer 5 is read out.
The illumination angle controller 10 automatically sets
the inclination ahgle of the illuminating unit 3 with
respect to the semiconductor wafer 2 to the optimum
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



those showmn in FIGS. 1 and 2, respectively. In this sixth enbodi nent, the
first-order light of the diffracted |light can be detected even when the

QO horder light of the diffracted Iight deviates fromthe 25 position of an
.angle of 45 as a regular reflection angle on a graph which is generated by
i mage anal ysis and which indicates the relationship between the 40

| um nance value and the angle. As in the first to fifth enbodi nents, a
substrate transfer unit 11 picks up a senfonduct or wafer 2 for setting the
angle of diffracted Iight froma stocker (not shown), and places 5 the

sem conductor wafer 2 on a stage 1. Next, a host conputer 5 sets on this
seni conduct or VRSFlE IPNS S RS EHE kit &Y 9998 WERINFG it 1318 308t at es

ith Ii i1l um nat,i light. In this state, j 11 ym |

control l'er 10" Tt s 1) iRaicon e are. (IS et A AR ¢ 3 wi th
t toth f f th i t f 2 1 it | . t

ingle as the r deBoEs e BoSTAEY RS hits St P dnds °¢

angl e as ort StaF post thon. © Fr ottt il I'e the

| mmge sensing GHAETr (ki it RE i b Y L O

sem conduct or wafir 2 jal &ach, nald Baldan Anghes e dalamati die diffracted

| ight thus recelved by the 1 mage sensing unit 4 1s supplied to the host
conputer 5. 20 yE&IROSt CABUHRIn G Fal iUl §5oddie BY A AGRI teMadtel @f1 The

| um nance values of the diffractedlight at each inclination angle of the
i1lum nating unidt Zhand tipldts 0 aylidaage @nalyzambtl heamiaves age

| um nance val ues as | um nance val ues corresponding to 25 the individual

i nclination angiteisch Tihe bemgeswinadd/zey  Hfils ipey faor nend geaget priocessing to
generate a graph 20, as shown in FIG 9A which indicates the relationship
41 between t he diuffimeriosd Vial ghet anth tdes langlabtadre higdgesemal yizer 501
supplies information based on this graph 20 to a determ nation unit 502.
The det érOri nat idirf iraet SO 2Amagrtheand dro et pealeswiathdetrsthance val ue
fromthis graph 20. On the basis of the data of three points having

adj acent | uni n@REFEIUeLH, the kvt hdthrih P Pk es SHMAfSin FIG 9B,

the determnation. . unjt 502 determ nes, that the central oint.is, the peak if
the |unminance VU by (1S Centinat 9 MRgLe High et#a]numﬂéatr nance

val ues a and c qf. tgnjé%o%eztjr 3326 V%o]% r}iésr}%lf]oé hails %ﬁ@mﬁcﬁ?% Oe}ew '&até' on unit

502 tracks theLfIh]rﬁ Vi hg on The graph-as shown in FIG
9C, thereby se i r ..hea 9 ; T ] I 15 unit
502 determ nesaiicfﬁpat%}g%#gt%égé%l pi’aﬁn%Q%é%l%%g%o a&%fe%g& \?\%%Eslge@#%%é}}lance

val ue exggeds tde g@}ﬁé@ﬁ&%ﬁ@ﬁ%@ey@w%f{&i@hmgh%écélsd}_ﬁ@l t h-order

light of the diffracted |1 , and the position of a peak whose 1um nance

val ue does not gxgPeshdiierdBxiaEdR 202 | HEW e Ci Vet 3i& g éBnSesancbdi ghest
(29d) is the first-order light of the diffracted light. That is, a position

on the graph whatspddieed um nance value rises to reach a peak after falling
fromthe highest peak is the first-order light of the diffracted |ight. 25
An angl e correspondi &igttoneéheoposhei condfguhationsobraer ihaght sefisihg
diffracted light on the graph is the angle of diffraction. If the graph has
noi se, 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



42 snoot hi ng processing need only be perforned. This determ nation result
obt.ai ned by the determ nation unit 502 is supplied to the illum nation
angle controller 10. In accordance with the 5 determ nation result, the
JllTumnnation angle controller 10 sets the inclination angle of the
illumnating unit 3 with respect to the sem conductor wafer 2. The set
inclination angle is stored in a storage Egit 503 of the host conputer 5.
10 In this sixth enbodi nent, only peaks aré€ cal cul ated on the graph
generated by inmage analysis and indicating the relationship between the

| um nance val ue and the angle. Therefore, even when the Oth-order |ight of
the diffracted AR {deRR LG9 RS e GBFGUGTRT R L8F endi™e 2f 45 as a

regul ar reflection angle,_ the position of the first-order |ight of the
diffracted |igHtta&n e P@’i%maysrﬁ)eﬁte&oéf&?uﬁ%{ SF ttq}?eseabove

enbodi nents, the det.ection of .the first-qrder l.ight. of th i ffracted |ight
is 20 consi st er?ﬁrf‘ qrbéjcfsﬁrbj\%{lsero,nt € Tt ﬂquo%toarng &% ?’he

illum nating unjt. ith o ct,.to ) I .Gt f . C al so be
set by det ectir‘l'Jtht%‘eVgﬁ hhi-lolr e?laftllgr}% ﬁltlsgsmal na%ifaatloésn\t%otg{r:l%nn%}l, 2, such

as the second-or il ght, pry third-order 25 light of the diffracted
l'ight. Al%go, alqtlﬂlg{ﬂglh %gfneggt g etection for the sem conductor wafer 2 is

described in each ofpidie sboye, epladi SBAV Sng I PEEELNt ek AMETE | O d1S 43
al so applicable to a liquid crystal glass substrate. Furthernore, in each
of the above enhedidreiitspldhaidine!d nat i awta-ofddtectddgrppidaguani t 3
is set while the image sensing unit 4 is fixed. However, the 5 inclination
angl e of the i nagesEns] ng whd eaand dmmdiamest othithe tgwesddtum nati ng
unit 3 is fixed. As a consequence, the present invention according to the
first to sixth lewmsmdiiment s artheis oretdredl dnbadinerni opan nmadacd § ndhe on
angle of the illum nating unit 10 when sensing an inmage of the diffracted
light, dfd can Protess sfartlvusabicntduetrheainpettien. sas ke present
invention sets the inclination angle of the i]lumnating unit by detecting
the first-orderadVaieofaithed HFfeacteane i ghtls cteIREARY IS AR t W o3 e 15
irradiation positians. Acpordhggl the, inclination angle can be set with

hi gh accuracy. FFRIRY MRkt § Bugh 1% nfht ion B PEM-Ypt Tt
inclination angle of the illumnating unit for each,desjgnated rggion on an
obj ect 1o be | PSR 20 FIGPIYTS & vy SKIK i S B0 He of the
configuration i i S ﬁg@si |, um I of a
def ect det ectiﬁfgr%gp%rat sélg(r}zr(&)?%iﬁé gtug&r][ e se%%&nﬁpgan%%%i%ﬁéﬂ& t he

present ﬂﬂqve”timur@ﬁﬂ{ﬂ%?ﬁ&mﬁﬁré@ia@i&?%&%@i@ﬂ@rzﬁ\%&rt}?@ 2 as an

object to be inspected Is aced on a stage 1.  Alinear illumnating unit 3

and an i mage seqssd Y twf StiCIm@ge &1 ] ne sensor canera are arranged above
t he 44 stage 1. The optical axis of the illumnating unit 3 is inclined
at a predeterm ned angl €O theséhersadiactonfpbhetsensconducher wafer 2.
This illumnating unit 3 irradiates the surface of the sem conductor wafer
2 5 with linearvettimahating [thytsideeimptheahonimg @frection 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



the i mage sensing unit 4 is also inclined at a predeterm ned angle & to
the surface of the sem conductor wafer 2. This imge sensing unit 4 senses
line by line an inmage of that diffracted Iight fromthe surface of 10 the

.sem conductor wafer 2, which is generated by illum nation by the
illumnating unit 3. Note that the optical axis of each of the inage
sensing unit 4 and the illumnating unit 3 is so set that the inclination

angle to the surface of the sem conduct or 2faf er 2 can 15 be adjusted within
a predeterm ned range. FIG 11 is a view showing an outline of the
configuration of a control system of the above defect detecting apparatus.
Referring to FICQUrEE, ad sgersmsdlbleomsutierdisn dua ldahmedt & aS® t he | mage
sensing unit 4, 20 a stage novenent rotation controller 8, an optical

system cont r ol i&ragliadd o PARiFEETeh Zndive BB 283 - a %t e
1 nat g uAIGES S onREeakp it the it sy S i ()0 and ¢ he
moverent. fot at RS EETEVOI I  Hite Tihbge T i A S et o0
(he"Stra 55 st ot on con ol et e 0 deme 508t oa,2nol
2 spl 2y uni o oS nAE A ety AR Y S Pas general

functions such as a GPULI®DFyse haddl i Blmi kSyRORT £hgBOdometssL (&awengo of
themis shown). The personal conputer 50 has a function of 10 executing

various controlsgperatd olsc Necasise Yardl sedf tdasel ineimatiron wngl e of the
illumnating unit 3 and the inage sensing unit 4, which are best suited to
sensi ng an i mageitdf ddupabitf foractied dumgidce Tt tihnmgeerainadyduert &) Wafearer at es
a graph 20c, as shown in FIG 13 15 (to be described later), which

i ndi cat d9 t he r2|tai iaom gt tpl et wesat tdreglaim hdite seltatel eincs taet angl e.

Al so, the image analyzer 501 anal yzes an i mage sensed by the inmage sensing
unit 4, extracteedldfiem s Jlehl asths | Mehiraheys angiatebndie dust, and flaws
on the 20 sem conductor wafer 2, and causes the display unit 505 to display
i nformati on suchl HEEMEE G a1 thuhbkd Chaped | BhstuEhd 20 ®f t hese

defects. On the, basis of the graph generated by the .imge anal yzer 501 and
i ndi cating the ¥etatdbhsniet b%ﬁ‘gieen"%t TR Falnck® VJ%}T%ePJZ‘%sa%nd the angl e,

the determnation unit, 502 determn t he it t.h- i ght,
which is best sUii® _i‘%l%’bs%‘?%‘ill%rhfaf%fa? h@g)%i‘gf‘#lﬁg%‘?’te%wf%ﬁtwasg‘%?' 46 by
the imge; sensilg %e 4seJ£‘Pn%t1?19§t ”Pvfé@é‘%vég@ﬁé i EPPAERLY € i Shroves
the stage 1 having sem conductor wafer placed on 1t In one direction

at a pitch syncfiropi gl dos W fdlcé NBHELIRe SEAR1 AshAYctHe WABLE Seasi &gchnit 4,
and al so controls rotation and positioning of the stage 1. To acquire an

interference i nageliddei OPtads@le systiean ¢ovs rof | €fie ddLoRtaotedt hieghtisertion
of an interference filter 41 and the Iight amount of the illumnating unit
3. 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



10 The illum nation angle controller 10 controls the inclination angle of
the illumnating unit 3 with respect to the surface of the sem conductor
wafer 2, in accordance with instructions fromthe personal conputer 50. The
.Image sensing angle controller 12 controls the 15 inclination angle of the
i mage sensing unit 4 with respect to the surface of the sem conductor wafer
2, I n accordance with instructions fron1t2§ personal conputer 50. The
substrate transfer unit 11 picks up sem cénductor wafers 2 one by one from
a 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 retur ndndHead@s HRd@ Gt iRie Retwert dhifye WRimendse @ loter .

The operation of t def ect det ecting apparatus 25 canfi.gur as above w ||
be descri bed beﬁn&m.hc @Gl i o e [k e sf}%vﬁafﬂgc‘ﬁt?et %g‘fgb%re of
setting the inclination angles.qf the illumnatin 7_,uni t. e, i mage
sensing unit i F4HE Sho efoefc?d%?e{lé%[ﬁr}?dlcaeppvaarlah%tfs.oéitrhset ,&]tif]f(}:gaeé@ed

i nclination angl. f 4 um i s it %ﬂ%¥hb i | o dni t 4,
whi ch are best%slfﬁ%}tg r{C[(;etsH_eénsq ng(:“ntaiatnﬂllrg_rglrﬁialg%e1ﬁl otfﬁ%f e di%férg_ct eg :lgﬂt are
set. Thedf1ow chart; Show d i e s 112 drs &ecut@th Whelyamd ISPASE Ko

desi gnates, froma nenu screen " (not shown) on the personal conputer 50, the
start of settingfrad [HHBENa d Ph AN & @dhddBgR ST hibredige for
sensing a goon%?ffracted inag§$5%glFirst, the substrate transfer unit 11
pi cks up a seniit ahavaferirdarfey welhid nghd hthanglel of wiieckdi f f ract ed
light fromthe stocker (not shown), and transfers and pl aces the

sem conduct or vederesbad ccd hehestiagd vidudle ot emgel aovemgnts roiais @22,
controller 8 15 positions the stage 1 on which the sem conductor wafer 2 is
pl aced. In stemBlilsunhel gerigofetnatiputisassd gethase tdeatedi tonduct or
wafer 2 a position which the illumnating unit 3 irradiates with |inear
i1lum ndtd ng | igMeteaguinatsiap W1t G- i nage sensing angle controller 12
sets the inclination angée of the image sensing unit 4 for sensing an i mage
of the diffracted |ightthePasep TH3thede IFRRAT nathendahgFBaIR3bt?BI I er 10

ts the inclinat] I f.the illumnnati it 3 wth 25 t ot
the surface of HHe" seif COMIIBTCRaTs P/TrEn Thi thaIFS Setohhgte e

21 RLSD e e A8 i MG IO g

48 il lum nating ik urnm fromithi s y set” angrl e,

the surface of TRICATISEOPST br s SO Ak M e Be T

t he surface of em cond or waf er eac i nation ang The

data of e di fJLAed efds| ity dduis; 58Sk viedk byi £ He-o FROE BEMSENGE UphE 4 1S
supplied to the 1mage i nput unit 504 of the personal computer 50.
diffracted light in all irradiation positions 22. This
determination result obtained by the determination unit
502 is supplied to the illumination angle controller
10. In accordance with the determination result, the
20 illumination angle controller 10 sets the inclination
angle of the illuminating unit 3 with respect to the
semiconductor wafer 2. The set inclination angle is
stored in a storage unit 503 of the host computer 5.
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



In step S15, the image input unit 504 converts the diffracted |ight

recei ved by the image sensing unit 4 10 at each inclination angle of the
illumnating unit 3 into |um nance val ue data. The imge anal yzer 501
.calcul ates the average value of the |um nance values of the diffracted

i ght received at each inclination angle of the illumnating unit 3. By
usi ng these average 15 | um nance val ues as | um nance val ues correspondi ng
to the individual inclination angles, the%anage anal yzer 501 perfornms inmge
processing to generate the graph 20c, as shown in FIG 13, which indicates
the relationship between the | um nance value and the angle. 20 The i mage
anal yzer 501 tRISLIAN ks GRFSHAISON BasEy e I‘Hrsa@%% infigrtive
determ nation unjit  502. In step S16, on the basis of the above graph, the
det or i nat i on U (S0 TR GHIR LS (RIIRRT (7 otV THRS T HIBARRACE | ght |

which is b i 1 ed i on, 25 of the. dif d ligh d b
he i mge.sens - an %, L ST oh i TRTERL Shsul P aok S Hed By he

the image sensi ffy {ni®™ et G- Esul U
control 1o 10, THRT ot b PR QL Dons 1A TS ol

fromthe feter @Méﬁgﬁiélﬁ%}%,%ﬁ%é) | 4 nat d O{Etlﬁfﬂrﬁ&fﬁtéﬁéiéroﬂo sets,

e.g., a first-order nation angle A of e 51 mnating unit 3
Wi th respect tofdie; SRMGONHCS Ain@f £ry2eh | Resd &Pt S, thdes&ftcodme! i nation
angle Ais stored in the storage unit 503 of the personal conputer 50. If
no i mage of thejddtst -witer 21 ohtsof, t eeddrdindIpct et | 1901 inst semsed by
the series of operations described above, the flowreturns to step S12 to
change the inclamgle orararig eseof wiich | nbgite senscugacyi thaly amdthdefirst
diffracted light is received follow ng the above flow chart. 15 Next,

def ects of seni edrullinent viéersilPedrabovspected with the illumnating unit
3 and the image sensing unit thus set at the optinmuminclination angle A
First, tHe inspectorldethgnabeset pecendremppdideets Fhepeveragef Vehtiehe
menu screen (not_shown) on the 20 personal conputer 5, The substrate
transfer unit 1af pilekslUpinaredi tandRetb? waterlated in Bbf etenebabion

i nspected fromthe stocker (not shown), aqg trﬁnsfers and pl aces the
sem conduct or vaf ef Pr¥to tHRWEYShe HELRPGH ¢hi St3ELFRLICE hUGR a3 novenent

rotation controller 25 8 noves the stage % in one.direction %ﬁ direction)
2t a constant VRIBEHITUT) LR AT T SAEORTAT PRS0 MOUERBNTS ( hEST tige

. o4 . i Liaht Line. i .
2 di roct i on per BERr cul S TSAREt ot RRgl A HERRHE TR FSG o B Atk MR e 1

di ffracted img@aﬁeﬂéegrgaié@édimewéfgﬁw@ ygi éorﬂpéfiﬁ?aﬂﬁfﬂtﬁd to the
i mage anal yzer 501 via the 5 image input unit 504 until the entire surface

of the sem condyet Dt aBf&Ferdct SikOGP| @t etyiseanagdlidhen diffracted images
fromthe entire surface of the sem conductor wafer 2 are conpletely sensed

after that, the optioatlsystseorconer obhéigransent sft ha iflagset eefhetagce
filter 41 into the imge sensing opti cal
system, an illuminating system and a control system of
a defect detecting apparatus according to the third
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.



path, and optimally controls the Iight anount of the illumnating unit 3.
Also, the illum nation angle controller 10 sets the inclination angle of
the illumnating unit 3 with respect to the surface of the 15 sem conductor
Mafer 2 to an optinumangle for sensing an interference inmage. Likew se,
the i mage sensing angle controller 6 sets the inclination angle of the

i mge sensing unit 4 with respect to the surface of the sem conductor wafer
2 to an optimum angle for sensing 20 an iﬁgerference i mge. These
inclination angles of the illumnating unit 3 and the inage sensing unit 4
with respect to the surface of the sem conductor wafer 2 are regul ar
reflection angles, rldsgé@ ifidst afik seaanchEodimendsti ruReRiylads §¥e t he
illumnating unit 3 25 and the image sensing unit 4 with respect to an

interference i PRge HioTd6re WP & HetRGE Tof oGl Tt RRRG S Fat 25

Fotati on cont r RO STES e EREREIRECTh naHE v ST AR a
direction (-X direction). opposite t he, di.ffrac i e S|

direction. In soﬁln](c:ahrs(?rlﬁl_scr%t uvﬁsct Tt a&ﬁrnl?yin%lnt%j%gﬁ geertzzgjﬁsi{% unit 4
senses anr i mage,,of. [ r . 144 Yod | it Jigd i on

per pendi c%ul ar f[%gl tlhn{ea%rir%ovalq}r?g—kjl rrgctrs(biqonalmgjt1 lt ﬁielilgat aged 1ﬂFeEach I nt erfeﬁ%ance

i mage sensed by,dihigdimgfR SERAINGHNIthet dvieAd@NShAiRthdo dtid Bge
anal yzer 501 10 via the image input unit 504, ‘until the entire surface of

the sem conductigfe WRffeira2ten QogHtetrelde iseannad.cdthen ddie i fdrachefl d mages
and interference i mages fromthe whole surface of the sem conductor wafer 2
are conpl et el y ssenged iafiremdtialg Jdrhie i3wmgeranal iwrsr-afile 18 iagted yzes t hese
i mages. By this processing, defects such as resist filmthickness

vari ations, dugigsigdnicbrf |cefivsthon dinef reariacbnidigdtitorcamefar e atetandttgdact ed, and
pi eces of information such as the types, nunbers, positions, and areas of

t hese déflects diromditdylsayrmmn 208t o ¢ s tRrnigiat 895 uiife X&h @8HWICt or
wafer 2 thus conpletely inspected is returned to the stocker by the
substrate transfafenmine fthe Judsdqiey, Lifd bsthatdi ireamiet unit 11
transfers an uni nspected sem conductor wafer 25 2 fro tkﬁ%stocke and
places it on the%tage 1 BEfDr@3f 4 1& I ‘?‘?H@}étse%rg]%ee e"ﬂ,plﬁfgff'

inclinati le A of the jllumnati it 3, whi j 1 d i 52 th
Storage unit SO BE ot RoHL e 50T GHIF DR e 191 nat i on

angle controller 1 ut tic set he 4 el j natj t
illum nating urhi 1€ Cs\nr%clgrﬁlesapggc‘{élﬁaoge% ﬁ%&lsrt:n%d(}gn%%t%r e?ﬁggté(;@an

opt i mum.angl e. thi ]gﬂ%}_h firgé,pgipﬁ@&t -&lg’i £ .h,e dpcli i angl e of

t he illuﬁq_nati négﬂbunfihltlssf—ieas/ changed, the dtllffract _e(%l I i ght f?%émﬁ_e surface
of the sem conductat #EHS Ean Sod ecpi ved dyed hin i dregiersensé g ihiMde 4 at
each 10 inclination angle. The average value of the |um nance val ues of the

diffracted |ighthis mwddatt atethedrghdhe ¢ aqty 20€, arasasibavprev Fouix11 3,
whi ch indicates the rel ationship between the average | um nance val ue and
the inclinatiomEngiesd soyenmat &di ormhear i stk maeton Sahg btuséd t e
diffracted light is determined fromthe graph, and the inclination angle of
the illum natircharprediows séefert tdetdealsienofandian dareked sifoedresul t.
Consequently, it is possible to automatically set that inclination angle of
the il #A nati Pt t53 t2d Gihifeam 45beat Wiyl ¢lede tdrsensi bd aH e dRg@2Bf t he
diffracted light, to easily obtain hi gh-q:gal ity diffracted i ng(ges, and to

r

per f or m accur atR® RFFITHLt ek bArRAC LRl hast bRSRREker dF#? rdet vdh? Mages.
bef or ehand 1or % REN Chtaut] GSOGER 21107 Gl 6L EBHT PHe S bt kb OR11
sem conduct or gréigfrgggeéslf£@£i§§ Eﬁedgiggﬁ 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



53 inspection 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 actually perforned.
Accordingly, sem conductor wafers 2 having diverse patterns can be

i nspected. Al so, the above defect detecting apparatus uses a pair of the
illumnating unit 3 and the inage sensing3%0 unit 4, and can sense both a
diffracted image and an interference i mage by changing the inclination
angl es of these units. Mre specifically, while the stage 1 on which a
seni conduct or WEEPECE ite Fihgc SEMiSORET oo MR #nd FAdnwarF LAt adie™ i e,
diffracted i nages .are 15 sensed during.the forward ve , and
interference i FE§es ace SIOFSL @uﬁ%%{tﬁga@&%td %@%%e ﬁl‘ﬁ’stthi s
manner, diffracted inmages and interference imges can be obtained within a
short tinme perF@@PuﬁﬁFi%b the image sensing, the inclination angles of the

20 illum nating unit_3 qu t he iq%%$ se gé};éj'fué%ﬁ% %%58&%ﬁ§§ to sense

an i mage of the diffq%ﬁﬁeﬁfW?§ﬁﬂ i%ﬁ; he forwar ement ‘0 sense

an | mage ot 1 el IS STt Y WAHd0 I N6, DAGHRIG MTOMRIER Mnowl) 50,

since the irradiation rection of the illumnating 25 unit 3 iIs fixed

whil e the stagenk ijsid4vedhdaste b if Q. gdma-aeordigiaigs af, the sensed

diffracted i nage and interference i mage can be accurately nmatched. 54 To

sense an i mage Rowrd At HIE. @, widaH enred a4ty )t heyl dthiamdhie di ffract ed
light and interference light, the inclination angles of the illum nating

unit 3 and the ygmgersahs namimance arsd s epel Ihthechangged, ahd tthies 5 stage 1
is noved back and forth a necessary nunber of times. Qutlines of the
configuration afasan iamdgespetstiony dassitemtem tild ymaidtiong oy dthem and a
control system of a defect detecting apparatus according to the eighth 10
embodi néft of tfhe Pregwiar iliahit icdh dre diffitagtad timte whdle P GS. 10
and 11, respectively. In this eighth enbodi nent, as shown in FIG 14, in a
graph 20c i ndi GREGFPHIFES d%RRDFHi9F IR ViEaR t3fe 1R hatte vial ue and the

angle, an illumnnation angle cqrresponding to 15 a Iq¥¢£ance val ue peak p
whi ch corr esporfti & aHe g4 % stths AFEeER20oR H A 11993y F5 Tt i s not

regarded as Opttlhrgurmosatndapapnrolgjn.liua enagrlxeonogng‘llee 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. In the above processing for a plurality



corresponding to a portion pl which is close to the | um nance val ue peak p,
whi.ch has a slightly smaller 20 | um nance value, and in which a change in
the lum nance value is large, is considered to be an optimumillum nation
~angle. As in the seventh enbodi nent, a substrate transfer unit 11 picks up
“a semiconductor wafer 2 froma stocker (not shown), and places the 25

sem conductor wafer 2 on a stage 1. Next, _a graph indicative of the

rel ati onshi p between the | um nance of the3di ffracted i ght and the 55
illumnation angle is generated in accordance with the flow chart shown in
FIG 12. To determne an optinmumillum nation angle, a determ nation unit
502 searches f & #aMiEOREIGE AfalWAE aFale c of iGN HaF 1REST &t s or der

light of the diffracted | ight on the gn%Ph. In the vicinity of | um nance
val ue peak, thdNAFf FEHFRD vdl JSTdses rbtt ishegdl i ifarige s& & e

he
Changes, "so 5 ORHIPTRRATE T e AU R A AL 1o

Accordi ngly, t@gfget Gﬁhpation unit 502 sets, as an optinmumillum nation
angl e, the i || Ui A on angle of a place which slightly deviates fromthe

| um nance val ue peak ' ' in I 'ngﬁf Y is found
to be Ia?be. 15 Cbngggﬂgﬁ?$fﬁﬂgﬁgi racte %hﬁ%e gé?%g |€% 2%%§Etivity to

defects can be jsepsed s QHd idiese A cddre CHE BHHd OOl | dBg&18&Dsi ng
system an illum™ ating systemand a conttol system of a defect detecting

appar at us accorgiiingy tt tihee Hidte 20 ehodmntorfridesdiasaMudtvention are
simlar to those shown in FIGS. 10 and 11, respectively. In this ninth

enbodi ment, as wamwn 4,n FIERddttArminted S fdddntd naddlon anges, attissn

pitches, and inmage sensing angles with which the first-order to nth-order

i ght 25 conponsydistical A4 aifedctry fiestf-od daew nigl quad § ortse odinf frea ottedii ned

are superposed and di spl ayed on a graph 20c indicating the rel ationship

bet ween Itthe | uniircel vy alesigndBafon e alidfdh actBarthepnorad thre most

illumnation angle (mis up to about the third-order light). sinQd - sinCd

= m-./p ~~~ (1)2Rprerwiate qEaRly & rehogegn m(az)plsiq%ght‘ah% q9Phs

obt ai ned by expandi ng equation ( 1}2 by O ) 8d:  the imge sensing unit

inclination angﬂQs e HeEG | T hRIPPR Y FhdR IRt Fon! SRAUEHF or der

of diffracted l&éggrs) to be inspected, or the position of the first-
order light is calculated from the average value of

15 a plurality of graphs. Consequently, even when an
inappropriate graph as shown in FIG. 6 is generated, it
is possible to set an optimum angle of the illuminating
unit 3 at which an image of the first-order light of
the diffracted light can be accurately sensed.

20 Outlines of the configuration of an image sensing
system, an illuminating system and a control system of
a defect detecting apparatus according to the fourth
embodiment of the present invention are similar to
those shown in FIGS. 1 and 2, respectively. In 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,



10 ~,: the wavelength of illumnating light p: the pattern pitch Referring
to.-FIG 15A a pattern pitch 151 and an inage sensing angle (in FIG 15A, a
canera angle) 152 are displayed on a display unit 505 so that these 15
values can be input, and an index, e.g., a slider 153 (or a pointer) for
designating an illum nation angle at which the first-order to nth-order

| i ght conponents appear is superposed on e graph 20c in accordance with
the input values. 20 Referring to FIG 15B; an i mge sensing angle (in FIG
15B, a canera angle) 154 is displayed on the display unit 505 so that this
val ue can be input, and a pattern pitch 155 and agn il]umi nation angle 156

wi th which the 3% S$EX6CFCT (1GhONGF PHE @FF £ SEFSF MK S5 ar’s are
super posed and _di spl ayed parallel on the graph 20c. In FLG_15B, an angle
desi gnating sl Aferr™M 57 &t ffdsiten Hﬁ§EQﬁ§éaiﬂQ%%iﬁ(ﬁ1%ﬁﬁﬁ2§ the 57
illumnpnating unit 3 1s displayed.. The inclinat.ion i ' i.on
angle) 156 i ndir%&ftnés equnﬁ. g'?ﬂ'l (?éTCLfS'}lpl 3 cﬂe;%lp Cz%?e rl%r?eﬁ &Jeaﬁeoly\;]ezpaéqrght
corner of the : rdingly, qug [ t v slider
157 to the ri g%{eacgérlnlgﬁfcct%% t ngﬁc(ﬁys?p ayeg ar?gtl%re&_ ilsq%ﬁlgcga% . %ucglﬁeglst hi s
angl e '”gﬂ cat ed Hy theudl)i dehdlPA A% AnHd R ARk 0he fAlr Whigh t he
first-order light of the diffracted 11ght appears, a pattern pitch 71 is

cal cul ated from equald an ( Ne:ahove hawid ddpwmalne Heids o splayed on the
| ower right corner of the graph. In addition, when the illumnating unit 3

inclines to thedMREENSMEaitt 24 tHdeab ftfiractef dr ghtlenitrexrtiingy t he

i mage sensing unit 4 is sonetinmes interrupted depending on the inclination
angl e of the ildnini ratwinigHl 5 nrddiated nlHWBinBE ng Hiisggtengul ar range i s

di spl ayed as an inpossible setting range 158 of the inclination angle of
the illumnating unifI@. Furiher motey fyowhang ndismeayatxampie tér Pattern
pitch or the image sensing angle, it is possible to 20 inmediately

recal cull® e t hemadeurdimmlash Whigt & & viie e fret ideliedlr g arRPaRa-WT der

| i ght conmponents appear or the pattern pitch at which the first-order |ight
of the diffract&FIqYit9 dpdars, TAaHEh AR HERh L Vit RIFIFRE graph. Thi s

Generated the | THAS podd bt S Hrih Horth St 110m Tor i P4 od
| i ght. 58 If no f&n nance Pne%:lﬁ}zﬁs]; etnqjeoémesﬁfrora eriA%gq%togx& {s on the

graph, the incP?naﬁloh angl e of i mage sensi ng uni I's changed to

erformrecal c i . { J t he
Pncl i nation 5 algn‘g{feé)éo?? e |€a%%%%%%?%€@%%ﬁ£§%?mﬁ$%&%¥ mage of the

first-orgder || Ghisdfeifies i 444 9pto0kds iag@m her Selsgihaypd oWt st ual Iy

sensing an i nage o0 e diffracted Iight. nce this can nmake an actually
sensed di ffractathddbgies S04} asPoNds tHs theowatierm @l tTh. 10 ofasgportion to
be inspected, defect detection with higher accuracy can be perfornmed. Note
that the graph mimspdBayst arleipot26 estrancded im 4 hoser shommner RGS. 15A and
15B. For exanple, a synthetic graph of FIGS. 15A and 15B can al so be 15

di spl ayed. Qut|dhsslafed hin ciond iwafer i bread 2h. | g eshewsi iy BYSt e, an
illum nating systemand a control systemof a defect detecting apparatus
accordi ng to theadntehirbee henta oplekel biesehtPahbent i 6adbeeSsie®iar to

20 26b, and 26c different in, e.g., pattern width, shape,
and direction.

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



20 those shown in FIGS. 10 and 11, respectively. In this 10th enbodi nent,
tha irradiation positions of an illumnating unit are designated for a
plurality of subdivided regions differing in, e.g., pattern wi dth, shape,
.and direction in one chip on a sem conductor 25 wafer 2. In addition, the
contrast of the |um nance val ue between desi gnated regi ons at each
irradiation position is regarded as the | ym nance val ue at the 59
correspondi ng illum nation angl e and inag§3sensing 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 places the 5 sem conductor wafer 2
on a stage 1. N&8@iomy Phd IR BELAS e thdks SR iR oo Maf er

2 the position an jillumnati unit 3 ich irradiates ilJ.umnnating
Cight. PG 164 1% Mo eGSR S 5h S TS POSE oni ¢
505 in a defect_detecti ng appar at us accor q%jpl?qto. thﬁe 11t h errb()dll1 ment of the
present invent i SHPHGES.” 158 5/ rfecdHd'd TGN AR A of FI G

16A. In this enbodi.nent,,an i e of.the su m ¢ r wafer
2 is sensed 15 %8 o{r%%anzdf Oannggafge mvgq’%erpilnngagig %l%‘t%ﬁ rs‘%fa:t;’e %n ?(:}“téﬁ)di spl ay
unit 505 @s shown 44 FI . f i in a

mat ri x ar52 di sp\quﬂélcrici nﬁt'htlatqllvaivaﬁ é?]'ll?a(ncglga(a L@p%&%%%%n I%gﬁ%%gg%ach chip
26 has a pluraljdy; & Dot KB L208 20D pancedborLPish figsent in,
e.g., pattern wdth, shape, and direction. In this state, an inspector

desi gnates the gdughd 26 pr edetEiipneshb chi® 2bs®Opidwenal Bf thageow5 and
al so designates a predeterm ned region by using a 25 cursor 27a froma nenu
screen (not shahimedt s aytdie el ide(perisiorml computet @be dHip hze i fisgect or
designates a region 261 corresponding to the pattern region 26a by 60 a
nouse poi nt er orhe hiertadiation osiursor 27 al sshixhcubsti emat arsd tdmopagt er n
region 26a, an irradiation position 27 on the wafer imge 25 is so set, as
shown i I G 16Gadsatiorressitien r2yi bh Bisebraspondiags 5 toedhen
pattern region 26a of each chip 26. If chips 26 are al so present in the row
direction, the 3$kecqueespeading A9 dfPBHeCER FRIHR rdbd the ¢2¢Rdi ation
position 27 is cal culated, and another irradiation position 27 is so set as
to cross a regi%ﬁﬁ@6¥610 corresponding to a pattern region 26a of each chip

26. As h he | desi h i 281, .| h, ghi

28, the'reot oas bos FA°PRELChIER) OAR: PELARBIBE Lo oo e PRbuck R PRE M L' P
b defect d i 1 t i on. f

chart shown in PG 05 OREE Y e HE Eon Sances Ve oo e R TPt st e
light forgeach of: he. £89LONS, 26, a@&@% Jhe cONt ERSL o REL VS quge@;/erage

| um nance value 1n the Tegion 261 and t in the region 281 1s calcul ated

20 and set as thetd ush nRcei ypl yesOf dRgrdidéreséedotaaldn Scgreph
indicating the relationship between the | um nance val ue of the diffracted

i ght and the ipesitbéhon Bhghethss geteta) ewhi B othé hiscyiapbioAanangle
illum nation angle and image sensing angle at which 25 the contrast is a
maxi nrum ar e obtaf nelde 1bhlthisatiindg embods nestchaeded| 2d tuforwathon is
obtained froma regi on designated by an i nspector on
respect to the first irradiation position 27 on the
20 semiconductor wafer 2, an image sensing unit 4 receives
the diffracted light from the surface of the pattern
26a corresponding to the region 261 at each inclination
angle. The data of the diffracted light thus received
by the image sensing unit 4 is supplied to the host
25 computer 5.

The host computer 5 calculates the average wvalue

of the luminance values of the diffracted light



61 the wafer inmage 25 displayed on the display unit 505. Therefore, it is
possible to acquire diffracted i mages with higher accuracy than when a
region is designated in accordance with design data. 5 Qutlines of the

.configuration of an inmage sensing system an illumnating systemand a
control system of a defect detecting apparatus according to the 12th
enbodi nent of the present invention are similar to those shown in FIGS. 10

and 11, respectively. In this 10 12th enbd iment, as shown in FIG 17, a
di splay unit 505 displays graphs 261g and 281g in which the | um nance

values of a plurality of regions, e.g.,, the |lum nance val ues of regions 261
and 281, respecQWEIPOSHAh §h TheEGTeEHEr 4% raRIEd &% 1R | um nati on

15 angle. Co tly,, if ot i.ans. 261 .and 281 haye diff t
pat (orn' pi L oho AR i o VBT @ b b g T8 t e

first-order light,  of the diffracied |]i b et erm on graphs on
one screen. Zo%ﬂlté)%gtrsa%nos %fén%a‘i]eddafgll cearrc1 als;%}geeéediasrgpﬁr}:asgeed in different
colors on the displ [ T iqwggﬁﬁﬁ it ' iS4 ish

bet ween these grlgtghs 61g‘;aalﬁ%552831$g lo the réeg‘fagl(rqll:e%zgél&artn%é%?lbr&gailcffer ent
colors. Ign thi §1asEqiNenAMer 38 Ml e Und s 25 7 iRy alies, Ml the

| um nance val ues of these regions 261 and 281 can be di splayed together

with the corresong dyor dfed NisnAfl Hrvb 28kl to Gerddrax def agtagletagt i ng
apparatus according to the 13th enbodi nent of the present invention, the
waf er i mage 25 fessidvhedid reide 4, 1tvwh et oididietd t e Hder g tpivsn 26ikg and
281g described in the 12th enbodi ment 5 are sinultaneously displayed on a
di splay unit 50fetwders Per niumsireamaaspeloiorand ez cgnglze. t HEheor r espon
dente between the regions 261 and 281 on the wafer image 25 and the graphs
261g and 281g. dperatdiefrecaf detlevtliaiyiappdraatare zadorid e tof tHee 10 14t h
enbodi nent of the present invention, a stage novenent rotation controller 8
control ssbhot h thHenkpngreitalire rof dthombfizaciedel ightrmnd ok i on of this
stage 1 is controlled jn accordance with the direction of the pattern on a
sem conduct or VEFRETEEN 18 P HERRD 1F DL INPERRAEEOIWR PR st age 1 i s

moved straight ég<f¥géﬁféé¥9n positions 27. The image analyzer 501

generates those graphs indicating the relationship
between the luminance value and the angle, which
15 correspond to the individual irradiation positions 27,
and supplies information based on these graphs to
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. In accordance with the determination

result, the illumination angle controller 10 sets the



while an illumnating unit 3 irradiates the surface of the sem conductor
waf.er 2 with linear illumnating light, an image of the diffracted |ight or
the 20 interference |ight cannot be sensed in sonme cases dependi ng on the
direction of the pattern on the sem conductor wafer 2. For exanple, an
image of the diffracted light or the interference |light cannot be sensed if
the direction of the pattern nakes an angle 25 of 90 with respect to the
line direction of the illum nating Iight.3Pn a case like this, the stage
novenment rotation controller 8 controls the rotation of 63 the stage 1,
e.g., rotates the stage 1 90 around its central vertical |ine. Since this
aligns the di ré@icilé@agflolnhém@étet &fn the e wdmiaddmdudidt Wafedt2 with the
line direction of the illumnating line, an imge of 5 the diffracted |ight
or the interfer&50EGL 9t th&n SERIEORGNF O Waied 24t h &FbSGthent, t he
rotation of the stage,l is contraqlled in accordance wth the djirection of
the pattern onffr i*O8n & WRaf&Pr: daﬂt@c@r Foegiape é{lﬁlll%o S%r;ag?gft of the
diffracted |i9Q$1OEK}Q?cjnt?ﬁ£§¥%ﬁce | i ght can be sensed from patterns
different in diTéctism. “AMSY.-SSi rice the stage 1 need only be rotated a

det er i ned angl e, rotat] ol o '
predetergined angl e,;,1 hg yPtaAL4 %ﬁfﬁhﬂ,slﬁlﬁtegﬁaﬁﬁ%gﬁ;%er. I'n

illumnating unit 3 'and an i nage sensing unit

a defect deteclymgaPRalig) U ACC Al Helt t Nerokaive Shadl mants tofoddue

present invention, illumnating light emtted froman illumnnating unit 3
is not linear lijgit ofhathd Dptifem ldiFimaiddd 1uRjHt Zdn IpanidedestedD the
entire surface of a sem conductor wafer 2 at one tinme, or illumnates a
portion of the fa frare cfhdrhe aaaiEreo ndiddiicars wadterand 6ot dildildrdrmiat i on.
In the fornmer one-time illumnation, plane illumnating light evenly

il lum nates thesattdngy swdiace ehd he reshiaddom? paiidtiemsaafrertizserher ef or e,
an image of the entire region of the sem conductor wafer 2 can be sensed at
once. A0t he | aatdrergpotedildnami2fdt iagvd 26¢ 4 mipnssfquendd Yonlan dmbsd r ed
region on the semnm conductor wafer 2 can be sensed with point illumnating
l'i ght. Furt her it €hapyfiggiandey tHahibele ire-difirdqiashinehtorfand the
rotation control of the stage 1 5 described in the 14th enbodi nent, an

i mage of the WS éea%ﬁ%rwb' R 18R étﬁi%ﬁf@t%l%f@s%% B&%evenly
i opt | mum St aC BBy ORI S RSB (4 SR aCT O G T (o e
conrol o, e, Updncl il o el ot ead ipaagaratus gpCoLIng 1o (he
aﬁi t hreq-gdi mengdonalil s £ U¥ 1Al S e EId DAt i ANl 6 9] @l |BAR SPNSi Ng
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 positiomns,
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



15 4 with respect to the surface of a sem conductor wafer 2. In the eighth
to .15t h enbodi nents descri bed above, the inclination angles of the inage
sensing unit 4 and the illumnating unit 3 with respect to the surface of
the sem conductor wafer 2 are two-dinensionally 20 controlled. Therefore,
an imge of the diffracted light or the interference |Iight cannot always be
sensed with high directivity. In this 16th enbodi nent, the inmge sensing
unit 4 is three-dinensionally operated and®can t hereby sense an i mage of
the diffracted light 25 or the interference |ight having highest
directivity in accordance with the pattern on the sem conductor wafer 2.
Accordingly, it@ls® pesshiflet bxadding inageons 653 thre @ fracted |ight

or the like froma pattern which cannot be detected

: only by .
t wo- di mensi onal¥REFRTION i g A8 &Gt I GhfatG B Sy 1 & tﬁ‘%ﬁ%qeﬁl%sf ect can
be obtai ned by three i mensiqnal ly .contraolli t.he inclinatiqgn angle of
an illuninati n&%’n&t" ;Ggi/ S A i é‘ﬁblt&%cc}vﬁl}eollﬁe]rmﬁldfa%olr“%y
t hr ee- di nensi onal | y..swi_ngi ng, a stage .1 by a sta movenent_.r.otation
controller 8, ioﬁsrtgecécdlo&’ tHiedt ?Cr?é‘g‘%ilocnaa ll%/ Sceotngcsloﬁ Illrﬁrga%ae&iorpage sensi ng

unit 4. 30 In ebo%e;_f n 98t egld ncqqeaqq?griqﬁysze)alccor ding to the 17th enbodi nent
or- t

of the present "I nvention, an 1nmage at” scattered light fromthe surface

of a sem conductor wafernZs ity i ated bye i{dumnation f4one an

illumnating unit 3, 1s sensed Iine by Iine. 15 The scattered light is

gener at ed when derdirifiaagnigfatiiey sem€ondiat ie Waterfod hascrdef eciige such as
flaws. A personal conputer 50 sets those inclination angles of the

illumnating updttemndaidnmgsssersi e Wi ttHs othige@ren basd suited to
sensing an inmage of 20 the scattered light. In this setting, a bare wafer
havi ng fl aws orsemiadretudizon g fhef et s There Spex, feven egiem detaiskst as t he
angl e setting sem conductor wafer 2. Alternatively, a detecting unit (not
shown) il9 25 usletfamatst@ctoUefrertchion 2thel samdg i nd t iagcweatieonduct or

waf er 2, and the personal conputer 50 sets optinmuminclination angles of
the illum natirjiiifacterd Be3ar 2aie bermpdserRding unit 4 for the defective
region. In this case, it is also possible to classify the types (fl|aws,
dust, and the I|ike) et HereetQf | FRARAREEIUER bR t PR 2P akBR9¢ c3ERDHI

i nf ti [ t nit 5 503, d all t t 50 t
ot or mne. he (PR G G5t Gt WL IS By SHES RtcR | G O THE Bhoi s of

deternine th . THE L rgET L oh THe
angl e for each HATErtet it e ARl e e S AL e AR o e
ght Triom 10 2aid fidyd Y0P Ofe dof8cin O e oo conductpn Jiey 2 can be

sensed in detect 1nspection. a sem conductor wafer 1s used as an

obj ect to be inspesd eshdvn the SRYSND 40 17} hr eshod et ¢, deserimes above,
a liquid crystal glass
fifth embodiment, the first-order light of the
diffracted light is detected by using one side (the +
side or the - side of the axis of the angle around
20 the axis of the luminance value) 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



15 substrate can al so be used. In the present invention, a diffracted imge
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 |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 inages
corresponding to the state of the surface3§f an actual object to be 25

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

Furthernore, in the present invention, diffracted i nages are sensed at the
i nclination andglafer &7 &P iforan JH Hera tiel Woitateldtd dinithed di ffr act ed

light is a maxinum _Accordi es can be obtained, so

oy Qi nepection i
hi gh-sensi ti vi tlyrliféjfléactte%é{f]g%t %/Jdﬁlge(c)(a)ﬂglllt}{g“slggtf%?gge]&g 1n the present

i ti d i hed ab ti | f at_| t t

vent) on s descr e ey, A0, ook AL o oo SRS, L

diff ted |i i : - | Cay ; Jdmth

br esent | nvent IS Attt i g e S0 on e SR LR nati ng

side and 4 he i npgg, fﬁi%?d&gc Sdene GalEHAted e o Hoddldod NudEeor dance

with the pattern pi “or the wavelength of illumnating light, and the
correspondi ng infiy n igli @ty dde terds pidehrorad ivh wavphengt h of 15
illumnpnating light) is superposed and di splayed on a graph which indicates
the relationshigrdetmgen theomngl s achtdlie whifld agiedidd Gitat b ai ned by

actually irradiating an object to be inspected with the illumnating |ight.
This can set a angle ppacdtheall Atnididtfirectedit i Hhts raceigedgimanghe,
Furthernore, in the present invention, an optinmmangle of the illumnating

side or the inmge vergd mperssde canithel setceives cthalahicef ma¢tediesi gt dat a by
interacting wth an inspector. Hence, the present invention can handle a
vari ety I&f 25 djattishe cwefaes pektidie asrMkeNPeior mMalksecd aeteaxthon with
hi gher detectivity. FIG 18 is a view show ng an out]ine of the 68

configuration ofi@h ek stdihg sThR et | Thed deifrrrssdt et a

def ect detecting apparatus cording, to the 18th enbodi prent of the present
i nvention. Refé ‘fggr?%elll‘f Qti%,t SR FOMRRRT Y Wit B {Srelzsa%u%ﬁiljo%‘?ect to

be i nspected is(g)l ced on a stage 1..The stage 1 can nove in the X
direction. A Iivear™ 1 riZtT g it 3 and an i mege sensing unit 4 such as

a l'ine sensor are ar'fl?ﬁgﬁcgﬁgbggr?%ﬁpgrng‘%gl&ul;_@gsi112111%1@93{.@% gé‘;i/\}lﬁ?ﬁ

obliquely irradi ates surtace of e Sem conducftor wa

linear ijd um nals ngnd i GiifinaiiGe Idd U NS E NehdnairBrdSts@ Pl@eed that an

incident angle 8 of the illumnating light wth respect to a normal S
passi ng the surfasei vdd g Siedn RGIciOfs Wad elin?t | 6 yaréadhe. The image 15

sensing unit 4 senses line by line that interference

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



observation image fromthe surface of the sem conductor wafer 2, which is
generated by illumnation by the illumnnating unit 3. The inage sensing
unit 4 is so placed that an inage sensing angle 8 with respect to 20 the
.normal S passing the surface of the sem conductor wafer 2 is variable. FIG
19 is a view showing an outline of the configuration of a control system of
t he above defect detecting apparatus. Ref srri ng to FIG 19, a host 25
conputer 5 is connected to the inmage sens'ﬁg unit 4, an imge display unit
6, an input unit 7, a stage novenent rotation controller 8, an optical
systemcontroller 9, 69 an illum nation angle controller 10, a substrate
transfer unit 1B rAfeided Mgdheeddads SRS OMYN 19vWhen thie
illumnating unit 3 is connected to the aoptical system contr.ol I% 9 and the
sens

i |l umination andi® Baddt e fF e Stlage e HRE e G mage ing unit
4 are connected.to e st.age .mvenent ation caontraller 8.vig a stage
novi ng unit 13. hﬁnéiqktr?&é‘blr%&rf’ﬁrhdnﬁﬁ:l tgo%t ihksecsorﬂ{]g@{ e‘%‘et o 13k i%ﬁcgeoéensi ng
angle controller. 12,. The hast  conput 5 has i ngge | 501, a
determ nation uoﬁ}et_z%]ﬁjf aagr}cf%éw;si} oq?lagEg'—LrGu'niétq' Sdg{%ﬂr%i n%egfe |fs%/ngc3r/o unit 6 is
a |iquidgryst aéxh i sl a3 O1g i SR SR AYan ik & d IRULL M e |8k deydoar d
or a nouse. The "host conputer T execut es a serles of control 15 oper ati ons

for |oading eaghQiewHiN& RGP And orgide d ege. sensl Nthdigtapgh and
processing the inmage signal to inspect defects of the sem conductor wafer

2. The i mage anadom erthdPodiodids i Hiec a+ddsr eacdhtonad inepddrmge si gnal
output fromthe inmage sensing unit 4. 20 The i mage anal yzer 501 then

anal yzes the rerronsigtsineichd thiege waitta 362 edd treaiiroef ettst sugdpsaist farl m

t hi ckness variations, dust, and flaws on the sem conductor wafer 2, and
causes the i nags divvpey the tlnireandisplrajue feargies dihsundkagpadie t ypes,
nunbers, positions, and 25 areas of these defects. On the basis of input
conditidrs fromfter iomee imitimg frenm ddrerGibreaidsr uhighiboo s anat es an
70 optimum angle (optinmuminterference angle) B (= the incident angle B of

the il lumnatinigs IHtPosHel i Bmstigs ErgideB bidhhee§ niee sensing unit
nter for once. oBSER VAT | HEGE: by B £ I SHGE 1o R R {5 - )
2 shown in i@ T BYE T i deRranErd BORREHE T A RATAGES | gt
emtted fron1tr§5$é'é§@éﬁ%}r%he position of the first-order light can
15 also be determined by previously designating portions
adjacent to before and after the predicted position
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



unit 3, Bis the inmage sensing angle of the imge sensing unit 4, and ~, is
t he observation wavel ength when the image sensing unit 4 perforns i nmage
sensing. Furthernore, as shown in FIG 20, when a single-layer 15 resist
film2b is formed on a substrate 2a of the semi conductor wafer 2, let d and
n be the thickness and the refractive index, respectively, of the resist
film2b. The determ nation unit 502 sends _the cal cul ated opti num
interference angle B to the inage sensi ng3§0 angl e controller 12 and the
illumnation angle controller 10. The i mage sensing angle controller 12
receives the optimuminterference angle 8 fromthe determ nation unit 502,
and control s tKEetRTERARIGT Befllitmder 95t Sersingf inh 2 ke ter L ke

i mge sensing angl e becqones the optinmuminterference angle 8. The substrate
transfer unit 9 T AR 241G o &itg igh of 7 e(rf&tal‘g‘i"ﬂd?/ﬁﬁlrign Wifer to

i ck i . f b e f ,
ot shown) . bl aed i e S Ao AR G A aTe 5: (i diter
def ect inspect 'iorpclirneatéjircﬂw. tg]ne%ltsegirillScogpoukc%dr)(r)j]r?ea\rw%@%ﬁegglr%% 5 f0er 1 to the

stocker. The stageé novenment r on con age novi ng

unit 13 for nmovimng I,E&ec Séﬁﬂﬁlgef g e.g., the X direction, in synchronism

with i mage sensing by the I'mage sensing unit 4, thereby 10 controlling the

movenment, rotation, gndPESi £{ PPk NG ihens] agife 1r PRyt NGrdbie Segheonduct or
wafer 2 placed on it. To acquire an Interference observation i mge, the

optical systemgEoniHO|def £t cdd rol ghi hean nserddicdd asy i v 8id esenge
filter 41 (not shown) and the light 15 anmount of the illumnating unit 3.
The illum nati cthangtapic aif raid esidd deceiomas imerDpt i fungemdesfed ence
angle 8 fromthe determ nation unit 502, and controls the novenent of the
illum nating urby Bunasyehandbysidhe wnicdldeimdiarmtes ofhe heeldtumnstaty ng | i ght
with respect 20 to the surface of the sem conductor wafer 2 becones the
opti numliht er f dreieeangie Binifmneperatiornnd the argket dBreeeiowe,
apparatus configured as above will be described bel ow. Wen_an inspector
desi gnates t he R4 IS Fekhbry i ean thomenkormgit uhit tadditn hohe
conput er 5 displays,, on the irrangie di splay unjt. 6, a scrg(gn for, re uéasti ng
the input of tRPThIEAMeLs Pantl FHe OrdRr retdltF3R PRt THREGPY o FI G
20) of the resist film2b farned on the sergricongu tor.%faelr 2. 10 be o
inspected. In d %%%%%91%@%? et’_ﬁ?ga?cr?%eﬂ? The® n@b%c% BIRALIRE Phe
thickness d anq3t§§ éeiéﬁgélﬂftﬁfgeﬁhfc@fthe first-order light is
15 reliably contained. In this case, the position of
the first-order light can be set more rapidly.
Outlines of the configuration of an image sensing
system, an illuminating system and a control system of
a defect detecting apparatus according to the sixth
20 embodiment of the present invention are similar to
those shown in FIGS. 1 and 2, respectively. In this
sixth embodiment, the first-order light of the
diffracted light can be detected even when the Oth-
order light of the diffracted light deviates from the
25 position of an angle of 45° as a regular reflection

angle on a graph which is generated by image analysis

and which indicates the relationship between the



the single-layer resist film2b fromthe input unit 7. The determ nation
uni.t 502 of the host conputer 5 cal culates the equation (3) by letting 8 be

the incident angle of the illumnating light emtted from 10 the
JdlTumnating unit 3, B be the inmage sensing angle of the image sensing unit
4, ~ be the observation wavel ength when the i nage sensing unit 4 perforns

i mage sensing, d be the thickness of the resist film2b, and n be the
refractive index of the resist filmz2b. 13%n this manner, the

determ nation unit 502 obtains the optinum angle (optinmminterference
angle) B for sensing an interference observation i mage, and sends the
opti num i nt er f fBHER R V@ IBLe @nchdHearege lsensify Jéhglr@ dortstolier 12 and

the illum nation angle 20 controller 10. The imge sensing angle controller

12 recei ves t hef dtt MRS e fc SURRATE % YERTIRE ddtier b &I9H uni t
502, d t | th ; t of t i i i.t 4 h that th
mge. senstng. S SECEIBHA That Rt hdmas e e A S STt ho.

ti , the j. i ti | t | 0 i th t]
Thter fer ence. afdi e BT s ek st sier Tl el " R 5 ¢ e
movenent gof thec}{he![ léﬂih@ﬂd?&ﬂgy Lya¥such 4pal §%gf%é nC| det\fgxta,ngiu%cfgt the

illTumnating lig respect to the surtace the sem co ctor wafer 2

becomes the optddiputtLerd JANC&RANH & Qeni\Wisiidi®d Wakdnating unit 3 and
the i mage sensing unit 4 are thus set at the optiuminterference angle O

def ect inspect igyyiftdlord K isM GonduGindim iy whits StirdRbatdd retsh t he

i nspector designates the start of 10 defect 1nspection fromthe input unit
7. The substr atleide arsherindtiingl 11 ipgreks up a sem conductor wafer 2 fromthe
stocker (not shown), and transfers and places the sem conductor wafer 2
onto the stage 1. ThEnithisnsteteg amiil Bueimdtsion | amgbatcoagtto hdr hb¥i ng
15 the observation wavel ength ~ through the interference filter 41. As
shown i A0FI G Z®Rta Hike idnainadtiony angle 4% the | dchwdl gt ine Wk ate of
the resist film2b and al so reaches the substrate 2a through the resist
film2b and is "Wt e@PPy thehardidacs chithoeairandictoy wager
interference ohservation jnmage is gener ated by these reflected |ight

|
conponents and 4 @ dEht1TorF ety e Uhte PtaNInR tHidrstate, the

stage novenent rotation cantroller 8 mves the stage 1 in the X direction
at a 25 constarﬁoﬁfg:ljoocri‘t y?ﬁnq(ﬁ“ Shichr trr%Q%em Wik ‘%hﬁ'afge r?ﬁ%]ﬁé?‘ﬁn:,lcfrhe i mage

sensing unit 4 a(sr%ﬁsesog hcehel nitlelrdntlairhgaa1 |i§}ﬁogkfnej{%a:}£ iiosn éhnéa%ecl iinﬁa b&/rAi ne in a

di rection 74 i rection)” perpen He™ movi ditection of the
stage 1.;gFach i%}& & ee@é%}]soi%rdé?itﬁ on Eé@egfvéser&féj %Yf#hecﬂé@gfi sing
unit 4 is transferred to the iTage anal'yzer 501 of the host conputer 5,
until 5 the entfirFdn stid aner icd her s@fd cmid udederwardsS 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



conpl etely scanned. Wien interference imges fromthe entire surface of the
sem conductor wafer 2 are conpletely sensed after that, the inmage anal yzer
501 anal yzes these 10 i nages. The i mage anal yzer 501 | oads and reconstructs
_each one-line inmage signal output fromthe inage sensing unit 4, and

anal yzes the reconstructed i mage data to extract defects such as film

t hi ckness variations, dust, and flaws on the sem conductor 15 wafer 2. The
i mge anal yzer 501 then obtains data such%as the types, nunbers, positions,
and areas of these defects, and di splays the data on the image display unit
6. The sem conductor wafer 2 thus conpletely 20 inspected |s returned to
the stocker by kﬁ*?é“%ﬁfbsttﬁeat]élr‘tlr%{ﬁ%rv%q Cise} télﬁas@é}ﬂﬂé] V1§ hidaghst r at e
transfer unit 11 transfe s an i ns ect d seni conduct fer 2 froqmthe

stocker and pl &¥s¥3el #m?%ﬁ ﬁmﬁ§9q%t dHi S HrfR'he basis
of the 25 thic d a qﬁéhe r ractlv x n of the resist film2b
forned on the gbmstcoor?dth{:]et n%djfae on Utrﬁle iTum i nterference angl e 8 for
sensi ng 'nterferenc%&ma%%ﬁ%)ﬁﬁﬁgﬁiéﬁ'ﬁﬁ?@e§o%5s§§4éﬁggif ;%g?%at he

illumpating unit 3 and i‘mage sensing uni aré so contro

I rradiation angle gnd 1t a{’chQ@ FENS “&&H%rﬁé’%’% 136, R

interference angle 8. I's, the 5 observation wavel ength can be

continuously changed cbﬁ' ﬁ'I?éYddl&h tde ﬂl{f@éj';%iﬂ)@s g sh@neh feeritrege sensi ng

angl e, w thout selecting the observation wavel ength step by step by
i nterchangi ng aylitaidd wofudandpass did tersmasuding sk ol shown

appar atuses. Therefore, 10 even when the interference conditions change
ow ng to changeim iFLG hedH hi ke edst eemind thison eindct 302 detdenxnined that

the central point is the peak if the luminance value b

10 of this central point is higher than the luminance
values a and ¢ of the two side points. In this way,
the determination unit 502 tracks the luminance value
while moving on the graph as shown in FIG. 9C, thereby
searching for all peaks 29%a to 29e. The determination

15 unit 502 determines that, of these peaks 29%a to 29e,
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,



the resist film2b of the sem conductor wafer 2 or the observation

wawel ength ~ of the illumnating light, interference observation inages can
be sensed under 15 nost preferred conditions. Qutlines of the configuration
of an image sensing system an illumnating systemand a control system of

‘a defect detecting apparatus according to the 19th enbodi ment of the
present invention are simlar to 20 those shown in FIGS. 18 and 19,
respectively. In this 19th enbodi nent, thé2function of a determination unit
502 of a host conputer 5 is different fromthat of the above 18th

enbodi nent. This 19th enbodi nent i nspects defects on_ a 25 sem conductor

waf er 2 in whi cGHIAMRINGRIRGEIHINY fees Y femeiiPimddacti ve i ndex are
formed on a substrate 2a. Accordingly, unlike the 18th enbodi nent descri bed

76 above, the determihat i FpCAMINGHPBITeHE haR L&t RY Bi%as the

follow ng functjon. On the basis | nput _conditions froman input, unit 7,
he dot exm nat {45 SFIEOP AT ¥ o SIS g o (et ot

i nterference ana%q@ee E:C%%:trolheleiarnciéj.entlnanaqclceOISc%%ei Iv!,lugpl nagé ng light, the

i mge sensing a an I mage sensi ng” uni f'or "sensi ng an

| nterference obgaruati anddmossliom e 16l @l aelhe digfd estdon, oraph).

as shown 1 n FI etween refl ectance an ness e thin

film As shown jq fdiG (e fhipiddesdddgent analige of1 hiienhdd 4 nati ng

light emtted froman illumnating unit 3, B is the inmge sensing angle of

the image sensingyiti trdspdiid to i thd heehseivat ¢ Oh waret engt hrivheset he
i mge 15 sensing unit 4 performnms inmage sensing. Furthernore, when

mul tilayered thincliddior. fhgld hieestfdtdd it ea foraRggOnutihe Sabséf ate 2a
of the sem conductor wafer 2, let dl1 and nl be the thickness and the
refractive indeshe rrespectom@ityer of. the first thin film d2 and n2 20 be the
t hi ckness and the refractive index, respec tively, of the second thin film
and d3 afd n3 be thelnhtkkaestxtindembedreénbict dPneYipeeks aevepectively, of
the third thin film_ The determ nation unit 502 sends the cal cul ated

opti mum i nt er f ef&hel AR OB Fhe - | erpraediby Hrde wMYolsetnd2 and

an illumnation angle controller 10, The relationship (ref|ection gragh)
shown in indicating the relationship between the luminance valu

and the angle. Therefore, even when the Oth-order
light of the diffracted light deviates from the

15 position of an angle of 45° as a regular reflection
angle, the position of the first-order light of the
diffracted 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 i1lluminating 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



FIG 21 between reflectance and the thickness d of the thin filmis a graph

cal.cul at ed when both the incident angle 8 of the illumnating light and the
i mge sensing angle 8 of the imge sensing unit 4 are 45, 5 the observation
wavel ength ~ is 600 nm and the refractive index n of the thin filmis 1.5.

“In this reflection graph, in an uppernost portion a or a | owernost portion
c of the curve, the change wdth of the reflectance due to a change in the

filmthickness 10 is small, so the inage Mdni nance difference is small,
i.e., the imge saturates. Therefore, the determ nation unit 502 changes
the angle 8 or the observation wavel ength ~, and sets the angle 9

correspondi ng tad- P raaRjd daidlauding d AWd cportabr ot sHestate, as 15
the optinmuminterference angle 8. The operation of the defect detecting
appar at us conf i U RO Ehovid! AT R dds radnste FRRRA IR artihspect or
designates the start of inspection fromthe input, unit 7, the host conputer
5 20 di spl ays, %ﬂF%ﬂquﬁﬁﬁa4%Qﬁﬁzﬁﬁlﬁﬁ? gL lup f%ﬂlqe%uﬁ%tq%@ t he

i nput of the thi.cknesses .d and the refractive indices,n gi a plurality of
LA 111 s or T s SN AT Rerers 24 d B o gty fid
accordan W th thi ree ' t ' ts the thic S d the
refracti \0/5: i ndgxﬁégfl%ea:% Y %nrélfheﬁdn#]?&r}ge% q’ﬁ]aegzelsnépél}g)&urr?ﬁ td}gl.g V@]eér%}t?hgel%nber

of thin films i tdUegnf g @XM Bimdder i S RGELOr3 | WPUESeeg 78 the
thi ckness di and the refractive I ndex ni oI?}Sthe fiTst thi nefilm t he

thickness d2 and thepg el rashsaguéndex fite Obrédienseonsht fon 5&&5&@1@# the
e

t hi ckness d3 and the refractive index n3 of the third thin film 5

determinati on wy terRD2r DFstt s oSt t 1€ M @Tmdn €8l €4l adSorh ANl GPL 1 yrda ¢
interference angle 8 for sensing interference observation images. That is,
t he determ nat iz ot imbd2i rediaingetsi dhearagipd o 8 tdte thEl whisedvaig amit

wavel ength ~, and obtains the angle 9 10 corresponding to the range

i ncl udi A t he nilteh esgpovinomib dlagheoturlve Gt fhectopd | ght ntard es@nce
angle 8, fromthe reflection graph of the reflectance as a function of the
thin filmthickeledsess asasiowh RS o bahinsreeked nathbyounie 502 sends
this optimum 15 interference angle B to the image sensing angle controller

12 and the il RE9RRG onl BRIl @B T | Ehe 1NC i T iRy 2REMR i O Byl e
et er i nat i on U St S5 B 1Y SRS PN o Theet Sibel P Sensi ng
angle 5 At thesaie (TR ST R PR T O G B OB a0l Tt recel ves
cont rol $5ne. BT SroT £ PLoady | SR TIPS URE MLLIARRORTE (o
angle of the illympatingdight wth KegRestctPatPe sHhfacerRbrd hethe

sem conductor wafer 2 becones the optinuminterference angle 8. 79 When
the illum nati ngragéit 3i@nsht hen | d@RgesSensh Ngotithilim 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



4 are thus set at the optinuminterference angle B, defect inspection for
sem conductor wafers 2 is started. 5 First, the inspector designates the
start of defect inspection fromthe input unit 7. A substrate transfer unit
11 picks up a sem conductor wafer 2 as an object to be inspected froma
“stocker (not shown), and transfers and pl aces the seni conductor wafer 2
onto 10 a stage 1. The illumnating unit 3 emts illumnating |ight having
t he observation wavel ength ~. The iIIuniné@ing light is reflected by the
surfaces of the plurality of thin films and al so reaches the substrate
through these thin films and is reflected by the 15 surface of the
substrate. An iS¥e&Ef drend&eopPérivatli Gl he ddderdred 1By thdde 3
reflected |ight caonpgnents and incident qn t i

Y
e i mage, sensi unit 4. From
this state, a dfadg@idvesert PoPHEIGTeE BS91E bie Otggesﬁﬁﬁgaiein t he
X direction at const.ant velocity.. I n synchr.oni,sm w.th t.hi s navenent,
t he i nmage sensio?fg%g‘r’ﬁ £ PLEERIUC HOTe “%/adc‘tegr er erﬁ[h(]:"elso zglwgﬂagﬁ‘nigrmudleltl irg'rale by
line in a directian,. directi per hcul ar .to t Vi i rection of
the stage 1. E&_crﬁaidr%‘t(a\e{refsert r?cg%(r)}?ﬁfggrey;%ﬁq?ﬁl% nshénécg%élﬁig%c}%gry ‘”g%etqlhezei mage
sensing ynit 4,/s5 nA0SLer r9d b A iiRGe Anal yaele Sk 0fa1 R HoSje comput er
5, until ‘the entite surface of the sem cornductor wafér 2 1s conpletely 80
scanned. VWen igifernhelRnce ehsey \atiton iinpgasd Hemitike et re pradace of
the sem conductor wafer 2 are conpletely sensed after that, the inage
anal yzer 501 5 taaliyaes dritase 6 argeschéheuirfage amaklizeseb@tohdadsoand
reconstructs each one-line inmage signal output fromthe inmage sensing unit
4, and anal yzewdfleer recomdtirsucinedyd nsges idat airtia: ektyeacte defiest Hysucineas
filmthickness variations, dust, and flaws on the 10 sem conductor wafer 2.
The i nage anal yzering®fe tdferthatt alirft mhattzed Ucihptas firven thlpe ssumfladse rest
positions, and areas of these defects, and displays the data on the inage
di spl ay 1ni t 8.tHrhe eseirarshiiictowafkger2 2 W cighestestated Bhspected s
returned to the stocker by the substrate transfer unit 11. Subsequently,
the substrate tirldnsgigratisn by theansflapsingt ing nipdeted i tgre waf er

2 fromthe stocker, and places it qon the stage 1. In this 19th enbodi nent,
even when the BPGifidh faFeh&f &Afdt 4 ﬁé‘%ﬁg?'?ébe FAHY D BHande<LhHh t he

t hi ckness or t refractive index aof each of a plyrality of thin filnms
formed on the rs@}ﬁ M‘b]trbafet% éi’m%o Jcﬁ_wa%ogessetlpntth%e %gese%r%/ca_llrbanﬁlon
vavel ength ~ of e 1ld umdabing dJ g 0t EL] RLANGE. QhsqlyAl on ddmoes 25
can be sensed under nobst preterred conditions. e é%ove explanation is

based he d ' ; ' st i film Ho ,
ased ond he %eggéds-g%si%imgl aatlfobrfé‘t‘f"e&’&HﬂM rddyd, film However

I mages can be ed conditions 1 n each |ayer.

Addi tional Iy, defectgrgenes ai £d; 0f] dwi Sheeidg bhh iyl 12y esf came be det ect ed
by conparing the defect detection results of the individual |ayers. 5 FIG

22 is a view showhgyeraoidd ide Dfcditerednd ygtemto Onclod svovereger sensi ng
systemand an illum nating system of a defect detecting apparatus accordi ng
to the 20t h enbslereninofapder presentRe feeninonto II&. 281, sa goersamahow ng
an outline of 10 the configuration of a control system of the defect
detecting appareimusiten 5 G @ungwted, te Hehgatmagefsersicrd itk ats as in
FIGS. 18 and 19 denote the sane parts. _
20 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



Referring to FIG 23, a host conputer 5 has an 15 i mage anal yzer 501, a
det-erm 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 num
dinterference angle B in accordance with a flow chart, shown in FIG 24,

whi ch indicates the 20 procedure of setting the optimuminterference angle,
if a thickness d and a refractive index n (gf aresist film2b formed on a
sem conductor wafer 2 are unknown. The anél e changing 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 MAYiEmeRts & @W%%@g%i% aMR¥E comtF Y er 12
and 82 an illum.nation angle troller 10 to rotate an i mage sensi ng
unit 4 and an iA99hf ﬁ%ﬁr}q:rﬁoq&ﬁrt " respectively, in synchronismwith each

other at the sane angle. That isS,. .t I [.NQ: uts 5 a
command to the inaggl%%r‘f)sellf]%o%an%l%or@%ﬁ rolfoefm%g%rggln%%% t%gélll%%lg sensi ng
unit 4 in the digecty - rQw. a . rg@d;q: Q. i m nation
angl e control | g’rdll’o alt gﬂen%/rer@q%ag{ll% t}fn}%lntgﬁ%n% Sér)li t |9:1é)t41r{éecdiérdejé'ti on of an
arrow a. 510 The,] mage,anglyaerumQl das, addnctdpofy haadi haind
reconstructing each one-line image signal output fromthe imge sensing
unit 4, when thg idddid gt "hdHdrsbrad ddigputdges SeNsSiqendmit 4 thus

si mul t aneously nove through the sane angle B, and analyzing the 15
reconstruct ed iftage: idatsa durtobisaiay e mednsdrwndyd (dindler flesy@serd,um nance
graph) between the angle 8 and the | um nance val ue as shown in FIG 25.
Not e t hat when arte mddasm hradieng funiten8 iandshidwn)i mage sensing unit 4

si mul t aneously nove through the sane angle B, the 20 i mage anal yzer 501 can
al so 1 oad each one-|The pPemgenal grenpwiepud0 fraw a heunelgen sehsing unit 4,
and obtain the interference | um nance graph fromthe average of the inmage
data of 1@ predea¥aGHHidw ﬁ(ﬁfﬁ)’é?usofcthfégl. ORE HPES AR DR ob ex8L f or
setting the 25 interference angle is, e.g., .a sem conductor wafer_or a
liquid crystal I8 Spsthalien pngiebhrotathon } inIRatIng gipardd for the
pur pose of setting the . 83 interference apgl e beforehand. An exanpl e of
bhe obj ect s @RbAEoRdtRdDrs AT RIS 20 whi HPECR (TE 1735 TSR Ll ity

of thin films are farnmed on subst e i t def j ction of
the sem conducflsoe‘ren%wL v%f‘%% ,éﬂq eojisrrgkgée %]'zn]gﬁ/gz%jeéécgg]ll o%t'ds @?\% irlg%geﬁst ructs
each one-line i i o) t Lrege- s i i {n dpr@Nd; 3
anal yzes the reconsl¥zrgéu]{(;:"r5§5d1 i#lémrgéeg%%%sgnat o&ga ractc'de ec%}g)@gc%n as %i | m

thickness; vari ationse usdyrigdd f4@ws) ongt hen send conduect e Wad 4t 2on10 The
i mge anal yzer 501 then obtains data such as the types, nunbers, positions,

and areas of thasgp dedesden el displayse thel @atandntiad angye. di splay unit
6. On the basis of the interference | um nance graph obtained by the inmge
anal yzer 501, tAksdetitien edgomiibl yret S0P aed Lytad esn t irea @opt $emsed
interference angle 8 (= the incident angle 8 of the illumnating light, the
i mage sensing aryglehd vlagdesémuges senst g wektragts ode Seqlss nguel as
interference observation image. The determ nation unit 502 sends the

cal cul at ed opt i Pk 20hiekreserenckabiepe BlEdtt end nbbrWs eoisi Blie angl e

controller 12 and the illum nation angle controller 10, ,
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 wvalue
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



In the relationship between the angle 8 and the | um nance val ue shown in
FIG 25, in an uppernost portion a or a |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 |lumnance difference is small, i.e., the image
sat ur ates. 84 That is, reflected |ight conponents enhance each ot her
(white) in the uppernost portion a of the,curve and weaken each ot her
(black) in the | owernost portion g. Ther ef re, the determination unit 502
sets the angle B 5 corresponding to a range including a mddle portion f of
the curve, e.g., a range A as the optinmuminterference angle 8. The
operation of tRY dbrediags: setchgJdapPartatius configured as above will be

descri bed below 10 FIG 24 is a flow chart, .show ng t racedur e af
setting the opti mumiift &% Moy SHf % 5 aitﬁé’rétfﬁf’gtrc?gﬁe% 08dé‘lc’e"'ceﬁ ng'<

apparatus. First, an.inspector..designates,the settdng.of .the iq_fqm
interference aﬁ&la@ef orl}\aé’ﬁqgné:&e O C?.ndluﬁ: gtreg}aéff? 2t I?ela%oescf%%’s conput er
5 outputs a co tQ,. strate. t.ransf it.a1% t l,ac

sem conduct or mqlg’?ggleZ%flyré%sté;é?ﬁ ﬁlaé: t%hgﬁt?ijtﬂerssfélrdglnrygtéu;z#@gg@rﬁ ﬁ%r?a eage 1. In

responsecgto thig, %‘rlfﬂzlgﬁ?;szo e SRS TS (ARSI 4‘J,giatnd11a1@00 kit Jihe

sem conductor wafe ma stocker (not 'shown), 20 and transfers and
places it onto e tSiAgank pHRTaGEMd Wb ansd agegovenento riqatien
controller 8 positions the stage 1 on which the sem conductor wafer 2 is

placed. Next, iah ShefRr$¥keride iadgles AMN@ptg dali ts yE4nofc2f tdid drost
conputer 5 outputs a conmand to the i mage sensing angle controller 12 and
the illum nati &n canglre lecortthreolilneye i dro afoeen tiet d mfigeersensiingamit 4 and
the 85 illumnating unit 3 in synchronismw th each other at the sane
angl e. As showtli mrd Ghe2d ighieraafard; athelid |univsitiatginehiunid nbves in
turn in the direction of the arrow a to change the incident angle 8 of the
5 i1l unilfat i ng Theghitlluminatd cgamadlingontie ) adge St hithe noves in
turn in the direction of the arrow a to change the i nage sensjng angle 8 at
the same angl e idckinabiiny devtlafl &he ofl Y HEI a1 ARE At MYdHt. In this

i , h 1 i . Vi 10 i i d | 8 ,
L nati e P estepeat T Hornt S 4y i o et ey in
changing, the image aten“cfg pvatth“iitns%ﬁ%g&i%%é néxe@m egﬁ@goeeolgéoo%?glvaéaxﬁahﬂg@ges-

The image sensing uni ransfers these Interferenc servatiorn 1 mages to

the imge analyzer, 16, 50%af. Uhe Dot RIS o iU 11 ey denyy anal e

B of the illummnating Ti € sensing angle 8 are conpletely

changed.; 4 n St%&;ci%%aﬂihﬁlié@% aal pzers e | Qadsi apdad peonshiugt s each
one-line i mage signal output Trom20 the inage sensing unit 4, when the

illum nating unidsped@nd:d hthd NAGEr SN MW derdi Sdalld e omst r nbyeimt t he
sanme angle 8, and anal yzes the reconstructed i mage data. The inmge anal yzer

501 t hen obt ai nscadrdai@es fuel encind i diaiees gf mgh, tles sdwosenah ddrpu2dr 25
indicating the relationship between the | um nance value and the angle B to
t he sem conduct®™¥. welflee Dulost watie htoares Ber nubhif | By aviecks i $emheorr e
formed. ductor wafers 2 one by one from a storage stocker
20 (cassette, not shown) and places the semiconductor
wafer 2 on the stage 1. After defect inspection, 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



86 In step S24, on the basis of the interference | um nance graph obtai ned
by .t he i mage anal yzer 501, the determ nation unit 502 obtains the angle 8
corresponding to the range including the mddle portion f of the 5 curve
Shown in FIG 25, e.g., the range A as the optinuminterference angle 6.
The determ nation unit 502 sends the optinmuminterference angle 8 to the

i mage sensing angle controller 12 and the l7l | um nation angle controller 10.
In step S25, the determ nation 10 unit 502 stores the optimuminterference
angle Bin the storage unit 503. The inage sensing angle controller 12
receives the optimuminterference angle 8 fromthe determ nation unit 502,
and control s t&ifovareithofinage St R Werisilly Wie e deiiatdt the

i mge sensing angl e becones the opti muminterference .angle 8. At the sane
Lime, the i I umSHRG ORI RHRE R ol [ 510 AHS e i niRoLes

interference an 8 f.r.am t.he .det erm.natj an Lt 502, and _cont s. .t he
novenment of t hé% Ftlkiﬁﬁﬁ%gtqn}%dl%%i%m% s:éuc"’}‘?qtjhnC € tl(t:%)l}aalqencslecpesnj’[ngfa(ri‘lgr}leé of the
illumnating ligh i rrespe tQ. .t f of the .sem r wafer 2
becones the opt@nukﬂnqvﬂlctn}{]earlfee?)eeﬁ%te Sglnlgqégd ?g\i%gﬁs]ﬁ?e Jl}} |ﬁ‘§%ﬂ$§?ﬁﬁeﬁi t 3 and
the inmage sensifig fide 4 Argihus Seledl R ORI MERL N &I KHENGE angl e 6,

25 the substrate transtfer unit 11 returns the sem conductor wafer 2 to the
stocker, and defrert inspeciutdd Wi S GHEIIHOF dafffndds$, St ed.

87 First, the inspector designates the start of defect inspection fromthe
input unit 7. Ehenslibsddradeh t (ragtsfiow) tonl Ithd aksrdihal sesm@otsrica®r waf er
2 fromthe stocker (not shown), and transfers and places the 5

sem conduct or wafeerstamntef tdee: tsitraggeo f1.arT hiel iunt e tiadn i argy Lmidnd Bmdes
illumnating light having the observation wavel ength ~. As shown in FIG
20, this illumsetsing larghte | &1 efdrexirey] dygadre duffrmeted tmgeesist film
2b, and al so reaches the substrate 2a 10 through the resist film2b and is
reflectdd® by the surFhleet of theeswopistate et Dans er | wabk f bk ankekdbdler vat i on
image is generated by these reflected |ight conponents and incident on the
i mage sensing thiteICOBHREN afek & e stEG TSIt i B 15
controller 8 noves_the stage .l in the X direction at a constant yelocity.
In synchroni sm 'ﬁquﬁ%ém LOR G rHRE syt Y setids t he

interference ohservation i | i ne line in irection ( direction)

per pendi cul ar Pcoratrhsgé%svianr@gﬁ%%ﬁ otﬁy%fs?%lecmg%%é ‘&E}PGEEC% Tht®rference
observation i matgg S y t iir@éilfs qﬁgﬁ' J § St i §o the
i mge anal yzer %Epas(f%elbhosit;}?econpu er ,é%?ﬁ%%agt%ﬁi(?%{g%r a(%fei of the

sem condugt or walert Zod$ omiel el v1 seanped-h 20 Mg A edd S @PCRafer
observation images fromthe entite surface of the sem conductor wafer 2 are

conpl etel y sensedi afgdeicddat, the inmage anal yzer 501 88 anal yzes t hese
i mges. That is, the inmage anal yzer 501 | oads and reconstructs each
one-line image signainost@ptsitpmihdepénageasessnpgtani 504seasdoanahyzes
the reconstructed i nage data to extract defects such as
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. 1In 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



5 fil mthickness variations, dust, and flaws on the sem conductor wafer 2
on -which one or a plurality of thin filnms are formed. The inage anal yzer
501 then obtains data such as the types, nunbers, positions, and areas of
these defects, and displays the data on 10 the image display unit 8. The
sem conductor wafer 2 thus conpletely inspected is returned to the stocker
by the substrate transfer unit 11. Subsqugntly, the substrate transfer
unit 11 transfers an uni nspected sem conduictor wafer 2 15 fromthe stocker
and pl aces the sem conductor wafer 2 on the stage 1. In this 20th

enbodi nent, if the thickness d and the refractive index n of the resist

film2b fornpdl&ﬁqﬂﬂﬁ%ﬁﬁﬁQKHﬂﬁﬁn%nl%%ﬁhﬁnQFQNkPlﬁﬂ&ﬂw@ﬁomrﬁﬁﬁqerence 20
Do the {11 um s gl GTRE P e Tt et o1t LT Tt S5 9% onge.
[ um i i ned . | y.z.i t.he . t f th

i g[n ep? gfgng;ag%&ﬁ? \fgt?ftitgrlnanqetr%%glsl?gr}gch&z#%ne %%olbrfnagnjﬁrrﬁqn?n@le‘??fse&rreﬁ%cge aonfgl e 91is
cal cul ated f ro?%{%éﬂ;&ﬁ&fﬂﬁe ‘J. L!f_rgp@fcaq:[ %fa@b'in-r elrr@%tglrcﬁ laﬁn,}/% yvhen t he

t hi ckness d an e refractive’index n o he resis fornmed on

the sem gpnductare WAte] £ affe Wikt dd1e Qptd Hld M&Ed BF&NGs, angl e 8 1's

automatical ly calculated. Accordingly, even when the interfererce .
condi tions changg pvdithdihEhaigess i1 tdgP 1dH ddhease diigd hmpgied racti ve
index n of the resist film2b of the sem conductor wafer 2 or the

observation wavglieh®dy o OftHdeddddmd naidmantd 9o, i nterference
observation i nages can be sensed under preferred conditions. 10 As the

sem conduct or wafer hfotesedl’ ngthdeinager frpencenangb@®f eomadetsithahi ch
one or nmultilayered thin filnms are formed on the substrate 2a is used.
Hence, even whetififracimd coirghictmecavafed &y dhaniuhjeciendine umspetted is
a wafer on which one 15 or_ nultilayered thin filns are forned, the optinum
i nterferléhce arfl eBheamplelnafimtandle ywidiha Btlagningt g hinit the 18th
to 20th enbodi ments descri bed above, interference observation inages are
sensed by novi ntihel WHaRance oft Wi drtthe sBif coMAR I WAST 2000 i s

pl aced. However, interference observation inmages c al so be sensed b

MoV ng the i1 1 G HE LIS FUPINeTd i e mg UHARGE (BHRiTRIOT whi | e
the stage 1 is at res Also, an_.object to be .inspected js not restrijcted
to a sem conduc@ber Yot B glx% Iree,cezlsverfgca}%s% c%i’clrb%ije%?%l UcH &S fi I m
t hi ckness vari at C m nat i pat{ er t.ep. di f C flaws on
t he surface of aéaf ﬁ}geuihﬂ(%n;%ﬁ%ﬁ%f%%lpgu%ét ;Ba‘?e&%ggé béeﬁésegogxzeert%%ed as

wel | . Furg her nof g1 d18-d J‘;lap‘lf%(g i 44 adi R Sa e 0Pl B s t & Pee s NSREL

O
sem conductor wafer 2 with illumnating even illum nance at once, and the
i mge 5 can senge athdiegeudf imel b eldn adn@es Anchat BRd @& eneel phser vat i on

image. aminating unit 3 such as a light having sensing unit 4 tine to
acquire 501 performs image processing to generate the graph
20c, as shown in FIG. 13, which 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



In the 21st enbodi ment, an appropriate interference filter 41 is inserted

i nt.o an i mage sensing optical path in order to sense interference
observation 10 i mages corresponding to filmthickness variations of a

sem conductor wafer 2. For exanple, if an interference observation inmage is
“influenced by a | ayer such as a surface layer having large filmthickness
variations, a host conputer 5 instructs an optical systemcontroller 15 9
to insert the interference filter 41 haviA§ a wi de wavel ength band into the
i mage sensing optical path. Alternatively, the optical systemcontroller 9
renoves the interference filter 41 fromthe ima7ge sensing optical_ path.
Consequent | y, g% ar@dyig®ldisseriat i dit Z0-9hmages dibfFEedhnge f1ith

t hi ckness variations can be sensed. A simlar effect can be obtained when

the interferenddd idat@ringtiqmres it B (Thidrie Ty i 1O U St or age
e S L R T
Fhi chnees and rbreat dd da e R0 BANSDARE BRI T o or mat on,
the host rsfconp“tief%%jitr{;aféi&i%.txﬁlit@es 't‘ék?aéessﬁ’%étfh"ﬂeocgcg{é ddef o Shdpcgatrol

the interference i naccordance Wt servation regions of 5

th ' duct f 2 | i ¥ - dd U nat4 l'i ght
e sem conduc ﬂfaéc/i? £r 2y &éﬁ%lﬁn%ﬁ@% {Eﬁ{e‘t@llﬁ{&dﬂ agratang lig

is automatically usted i n accordance wit state of a sem conductor
wafer 2. An inmage ANt ein 3He fdBage Alddh dduli catig gdwesddLguency of a
| um nance value 10 in a region to be 1nspected of a sensed i nage of the
seni conduct or vedifutder 0. exanpl e, when the maxi mum | um nance val ue
(saturated | um nance value) of this graph is 255, the host conputer 5
causes an optical sysfem condgeldrt®et Hiasftustdéhelidhunohathag |ight 15
of an illumnating unit 3, such that the frequency is a maximumw th a

| umi nande® val uediof fiBedhisght gie sMmed|by stlborrehiead) Ustpenp tiens
internal lanp of the illumnnating unit 3 or inserting an appropriate ND
filter into an 493amibed iakpoht itde pawn. reffeos the ?‘Oﬂgr%ﬁ'g tarchkanger ned
not only for an entire region to be inspected as a conpl ete product, but

al so for a partfh® gl REPbaITpet ddhe CIrrERuEsRT IR thel |1 fumdidt i ng

light is adjusted in accordance with the state o obj ect. to be

i nspected, so b ‘?e‘?lfﬁ%cet% st trje%ﬂ?%ejz‘ée%réogg@é} Ld-0F rPRAEE pr esent
i nvention as ha bee&féj]gscri bed above, interference observation i nages can
be sensed 92 under av%’r ed conditions. The present invention is not

o e e OSBRI ERL, DL DU PROELLEREBRC S 450 oPer
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. In synchronism with this

movement, the image sensing unit 4 senses an image of



I ndustrial Applicability The present invention can provide a defect
det.ecti ng 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 various objects. T
93 CL Al MS 1. A defect detecting apparatus characterized by conprising:
an object to be inspected; 5 an iIIuninatgng unit inclined at a
predeterm ned ngle to said object to irra Pate said object with
illumnating light; an inmage sensing unit inclined at a predeterm ned angle
to said object to sense an image of diffracted 10 |ight from said object

i || umi nated by t&& diffrastest ildghfniltneakYaddrhe déner SHHEEF WM Ch changes
the inclination angle of at |east one of said illunmnating unit and said

i mge sensing @rﬁrﬁ’;%nf%%airn&@es%eo@@y&&g 'r@I‘Ftrlé’@eiogte§ht%né=‘ i ract ed

i ght from said,_obj ect Si sai d | mage nsi Uni £ i.ncld nation
angl e obt ai ned%ﬂﬁé%&%eedgg‘rﬁarg& Isgrn,S%éjn?ﬁof)cth%?nlg{%é}q %n%nﬁsg%l e v%ﬂue of
the diffracted ji.gh i i nat | |e; ergu jon unit

whi ch determ ne4$ l%'htet]%ttfﬁ?f(aier eerdﬁog@ébg&a%iat%gdﬁ%garo%gg \ﬁatalngctr?e\(/)\n th

respect 0 the gj]q{afgfer acikd lirght 5fOr4O'Hntt:1q rglatdANshi st ReD f Ne

i nclination angle "and the | um nance val ue obtai ned by said i mage processor;

and 25 an angl g &arigrRid@lo i set s d heondddat isyamngl e of at |east one

of said illumnating unit and said i nage sensing unit on the basis of the
When diffracted images from the entire surface of

the semiconductor wafer 2 are completely sensed after
that, the optical system controller 9 inserts the

10 interference filter 41 into the image sensing optical
path, and optimally controls the light amount of the
illuminating unit 3. Also, the illumination angle
controller 10 sets the inclination angle of the
illuminating unit 3 with respect to the surface of the

15 semiconductor wafer 2 to 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.



94 determnation result fromsaid determnation unit. 2. A defect detecting
apparatus according to claiml, characterized in that said angle controller

changes the inclination angle of at |east one of said 5 illumnating unit
.and said image sensing unit, for each of not less than two irradiation
positions of the illumnating |light set for said object. 3. A defect

detecting apparatus according to claim1, _characterized in that said angle
controller 10 changes the inclination angpg of at |east one of said
illumnpnating unit and said image sensing unit, for an irradiation position
set in accordance with a predeterm ned regi on on said object. 4. A defect
det ecting appar at us TFEbridiify tetes dhe AMRIC Vet Z&-ahi Fur t her

congrising: a g%%%&%ﬁlggjé g@&%gl ispggﬁéﬁgahggﬁggégﬁﬁﬁaig Qgﬁgﬁﬁ%ﬁgnsed by
said i mage sen - an ( i i t I'T¥adi at i on
position for the predetermne i.on on the inmage .20 . di spl ayed on said
dihspl a%/ uni ta é.n A 8l'[éfr€5ttl&’é’t g(é_ﬁgfglr_gﬁgéroé{}us()pgg%&lrt& rif‘& t%(%l.ec%/ai {n 1, o
characterized i r indi : re I%ﬁ’%m en the
inclination an&qﬁg%gﬁeh%eqﬁ%r%%ﬁ%ﬁggq\? | ttﬁféfl%gglgndet 6eiinm' at |h%r?%§rﬁmte

ﬂet ermnes 25 RJlg;th the o otterinder tHedNnaRRSiddran f Biiff racteddd ght
aving the second highest |um nance value 1s best suited to observation.
an image of the interference light line by line in the
direction 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
10 via the image input unit 504, until the entire surface
of the semiconductor wafer 2 is completely scanned.

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

15 analyzes these images. By this processing, defects
such as resist film thickness variations, dust, and
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



95 6. A defect detecting apparatus according to claim1, characterized in
that if said determnation unit does not determ ne the nth-order |ight best
suited to observation with respect to the diffracted light, 5 a prestored
reference inclination angle is set. 7. A defect detecting apparatus
according to claim1l1, characterized in that if said determ nation unit does
not determne the nth-order |ight best suited to observation with respect
to the diffracted light, 10 the position G the nth- order | i ght best suited
to observation is designated froma graph indicating the relationship
between the inclination angle and the | um nance value. 8. A defect

det ecti ng appardtus EIEFUIHY 005 f dihf Perinhak LD ¢ uks her

3 aph | nch cati R Qi 1 ol S s GG ATTHE | AT h Shgl e and the
char acter i 7ed 141 AL Sat B S Sy A 0] S e AT TR desi gnat i ng
accor ai g 10 of S eI ACPE T Ped T cHPLa & Gr e Ay Tak diSpl ays a
pattern pjtch qargespondi ng, to4 iR ey e 11. A defect detecting apparatus

according to
In this seventh 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
10 inclination angle. The average value of the luminance
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 i1s 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 1s set beforehand for a
semiconductor wafer 2 for angle setting, not for all

semiconductor wafers 2, and is applied to defect



claim1, characterized by further conprising a display 96 unit which

di spl ays a graph which corresponds to each of a plurality of predeterm ned
regions on an inmage of said object sensed by said i mage sensing unit, and
whi ch indicates the relationship between the 5 inclination angle and the
lum nance value. 12. A defect detecting apparatus according to claimi1,
characterized by further conprising a novenent controller which noves a
stage on which said object is placed forward and backward, 10 wherein said
i mge sensing unit senses an image of diffracted |ight from said object
when said stage is noved forward by said novenent controller, and senses an
i mge of inter figrREIGYMT T8 AP O edaiteh sa%tet dgeets noved
backward. 15 13. A defect detecting apparatus according to clajm1,
characteri zed iMihAasaRPT el RPIMF tORF 1R 4 | fearde 3RSt i ng

light. 14. A defect detectjng apparatus accordj to,claim1l,,K characterized
i that said i 139MHGatiiy UL K (D She ] | TR A 15, A
def ect detecting. rat us .accordi ng to claim haracteri.zed in that said
T o natt mo. unhon A SR A DLt SR Mgy PG4T A S
appar at us: accordi t I r [ s ! t..sal d.i e; sensi ng
uni t sen?es an ?n%%l%@%%eﬁ#?fgt% gdnlﬁ%‘g[?dd%fb%%%tlr?%%cn#%tgel by

said illum natifg rrida , A e ecd i dlet $otd g anRal £
characterized by corrpr¥ sl?enrg: %n object to lbﬁej(ﬂiﬁﬁspect ed an ﬁﬁn‘yana?licsﬁg uni t

inclined at a pregdafa{dndeek s erdmhsatsh okl edispactdd adi ate said obj ect
with illumnating |ight an imge sensing unit inclined at a predeterm ned

angl e to said objectalsosefise sovangerottreétect eyl dgbirdtom sacd obj ect
illumnated by said illumnating 10 unit an angle setting unit which
obtains an incialggdir 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.



angle of the illumnating light with respect to said object and an i nmage
sensing angle of the reflected Iight, on the basis of information
concerning a film 15 formed on said object and an observati on wavel engt h;
an illumnation angle controller which sets the inclination angle of said
illumnating unit to the incident angle obtained by said angle setting
unit; an inmage sensing angle controller mgjch sets the 20 inclination angle
of said inmage sensing unit to the inmage s ﬁsing angl e obtai ned by said
angl e setting unit; and an i mage anal yzer which detects a defect from an

i mge of said object sensed by said inaq$ sensing unit. 25 18. A defect
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Outlines of the configuration of an image 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 |ight and an i nage sensing angle B of the interference light
by the follow ng equations: 8 1 = sin-1 (nsin(cos-1 ( (2nd) / ~ ) ) ) 8 2

=sin-1 (n sin (cos-1 ( (nd) / ~) ) ) 158 - 8 1+ (ALl-A2) /2 d: the

thickness of the film n: the refractive index, and ~: the observation
wavel ength. 21.) A defect detecting apparatus characterized by conpri sing:
20 an object to be inspected; an iIIuninaglng unit inclined at a
predeterm ned angle to said object to irr di ate said object with

illumnating |ight an image sensing unit inclined at a predetermned 25
angle to said object to sense an inage of |nterference Ilght fr i
%ﬁhﬂﬁhﬁlon

obj ect illuni nd‘tlédlwaé%%lod‘- CRIETEEES H?d‘-"ﬁrﬂtte df aCCOrgRNre &t
unit whi ch obt n the basis of ti ncernln a fil.mforned on
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e o O e T T e g e e
20 o ob ekt tE s ';].\Lsuqng.cea% Aef8GHd e APRY AL HIAAF UGS 13RA Dy & - ST Ng:

5 order light of the diffracted light on the graph.
In the vicinity of a luminance value peak, the
luminance value does not largely change even when the
surface state of the semiconductor wafer 2 such as
a pattern pitch slightly changes, so a change in the

10 diffracted light is not sensitive. Accordingly, the
determination unit 502 sets, as an optimum illumination
angle, the illumination angle of a place which slightly
deviates from the luminance value peak and in which
a change in the luminance value is found to be large.

15 Consequently, a diffracted image having high
sensitivity to defects can be sensed.

Outlines of the configuration of an image sensing

system, an illuminating system and a control system of
a defect detecting apparatus according to the ninth

20 embodiment of the present invention are similar to
those shown in FIGS. 10 and 11, respectively. In this
ninth embodiment, as shown in FIGS. 15A and 15B,
illumination angles, pattern pitches, and image sensing
angles with which the first-order to mth-order light

25 components calculated by the following equations can be
obtained are superposed and displayed on a graph 20c

indicating the relationship between the luminance value



an illumnating unit inclined at a predeterm ned angle to said object to
irradiate said object with illumnating |ight; an inmage sensing unit
inclined at a predeterm ned 15 angle to said object to sense an i mage of
interference light fromsaid object illumnated by said illum nating unit
‘an angl e changi ng unit which sinultaneously changes an incident angle of
the illumnating light 20 with respect to said object and an i nage sensing
angle of the interference light at the samé angl e; and an i mage anal yzer
whi ch obtains the rel ationship between an angle and a | um nance val ue from
an image of said object sensed by changing the incident angle and 25 the
i mge sensing agltd oyl isHipaling el ifdhany U t1l bl mptmiarg ke opti num
i ncident angle of the illumnnating Iight and an 0 tlnun1|nage sensi ng angl e
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ca] ca] ca] ca] ca] ca] capeRalaraliGld! MWiBYy Wnit inclination angle
6i: the illuminating unit inclination angle
m: the order of diffracted light
10 A: the wavelength of illuminating light
p: the pattern pitch
Referring to FIG. 15A, a pattern pitch 151 and

an image sensing angle (in FIG. 15A, a camera angle)
152 are displayed on a display unit 505 so that these

15 values can be input, and an index, e.g., a slider 153
(or a pointer) for designating an illumination angle
at which the first-order to mth-order light components
appear is superposed on the graph 20c in accordance
with the input wvalues.

20 Referring to FIG. 15B, an image sensing angle
(in FIG. 15B, a camera angle) 154 is displayed on the
display unit 505 so that this value can be input, and
a pattern pitch 155 and an illumination angle 156 with
which the first-order light of the diffracted light

25 appears are superposed and displayed parallel on the
graph 20c. In FIG. 15B, an angle designating slider

157 for designating the inclination angle of the
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If no luminance peak of the first-order light
exists on the graph, the inclination angle of the image
sensing unit 4 is changed to perform recalculations.
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. 1In 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. In 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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corresponding illumination angle and image sensing
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 1llth 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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IE"F'G'H'| " zI "PA RO ROinger or the like on’the cursor 27a which
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 wvalue 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 i1s 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. 1In this
10 12th embodiment, as shown in FIG. 17, a display unit
505 displays graphs 261g and 28lg 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 28lg can also be displayed in
different colors on the display unit 505. This makes
it possible to distinguish between these graphs 261g
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 261g and 281lg.
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13th embodiment of the present invention, the wafer

image 25 described in the 11th embodiment and the

graphs 261g and 28lg 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 261g 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

movement rotation controller 8 controls the rotation of
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the stage 1, e.g., rotates the stage 1 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. 1In 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 1l4th 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 imade 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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of the diffracted light or the like from a pattern
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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(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 diffractéd 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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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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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 variable.

FIG. 19 is 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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10 transfer unit 11, "and an image sensing anglé 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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sensing angle of the interference light)) for sensing
5 an interference observation image by
01 = sin~l(n'sin(cos~1((2n-d)/1)))

02 sin“l(n'sin(cos~l((n-d)/1)))

6 = 61+(0601-62)/2 o (3)
As shown in FIG. 18, 6 is the incident angle of the
10 illuminating light emitted from the illuminating
unit 3, 6 1is 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
cptimum 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 8. The

substrate transfer unit 11 controls a transfer section
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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 6.
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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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 8 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, A1 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) 60 for
sensing an interference observation image, and sends
the optimum interference angle 6 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 6 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 0. At the same
time, the illumination angle controller 10 receives the

optimum interference angle 6 from the determination



10""'L@Z"10% " & ()-& L@Z"10% " & ()-&%}[9rS10!n! 9" m' 109%&' ()-s!9"10% ()-E
19"10%&' ()-E8 10%& ()-93 "10%& ()-f!93 "10%& ()-fhijknBrS10! dG' 10%K>K&' () -
10% & ()- 10 10

10/ L@!'10%&' ()-& L@!' 109 ()-&9' n'10%g& ()-sB+3l $}*<rS10!d! & ' 10% " & ()-03
0% & ()-&F"109%& ()-G ' &F"10% " & ()-G

10% & ()-!dG'10%8>8& ()-$X }0as40! 310%& ()- 10 10 10! &1"10%& ()-4

F&1"109%& ()-4 ) ,/10% & ()-& '10% & () - 0] %6a840!!99610%&'()-89
Z"10% & ()-'9 Z"109%& ()-'9

Z"109& ()-!'[!109%& ()-f!s!10% :& ()-fQORSTW S10! HY"10%&' () -S310%& ()- 10 10
10! L@ 4" 109%&' ( )unit@A2,00nd controls the movement of the illuminating

& () - 99 109 () - SK-}.<r S10! H L"100&' () - 9G' 109%& () - x| 9G 109 () -x8
>109&' () - Y" 10%&TDL Sl ispcipdgng (YnswkgadaH angle of the illuminating

P R e el el S R
[ A ' -
101 996 105 () - STOTLGATE IS T8 LTI ST TRRETIST RES Rprt & » 10%e (
)1;)%-,233 10088 O wridiréeidd {1 unthBothd Jnl (X 19%8hd Jeie | hdfeteaindidg -l M 1ML
4 are thus set at the optimum interference angle 6,
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. BAs 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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erhe 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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bservation images is calculated, and the illuminating
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 i1lluminating 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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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 0 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,
f 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, dy and nj
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 ¢ 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 0 or the observation
wavelength A, and sets the angle 0 corresponding to
a range including a middle portion b of the curve, as
15 the optimum interference angle 0.
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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index no of the second thin film, and the thickness dj
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 0 for
sensing interference observation images. That 1is,
the determination unit 502 changes the angle 6 or the
observation wavelength A, and obtains the angle 0

10 corresponding to the range including the middle portion
b of the curve as the optimum interference angle 60,
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 8 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 8. 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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4 are thus set at the optimum interference angle 0,
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. 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
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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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.

5 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

10 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

15 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

20 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

25 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
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68 ()-@ 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 B3, and a command to the illumination angle
controller 10 to move the illuminating unit 3 in the
direction of an arrow «.

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 8, 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 1is, 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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interference angle beforehand. An example of the
object is a semiconductor wafer 2 in which a thin film
or a plurality of thin films are formed on a substrate
2a. During the defect inspection of the semiconductor
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 6
(= the incident angle 6 of the illuminating light,
the image sensing angle 8§ of the image sensing unit 4)
for sensing an interference observation image.
The determination unit 502 sends the calculated optimum
20 interference angle 06 to the image sensing angle
controller 12 and the illumination angle controller 10.
In the relationship between the angle 8 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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That is, reflected light components enhance each other
(white) in the uppermost portion e of the curve and
weaken each other (black) in the lowermost portion g.
Therefore, the determination unit 502 sets the angle 8
5 corresponding to a range including a middle portion f
of the curve, e.g., a range A, as the optimum
interference angle 0.
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. In 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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illuminating unit 3 in synchronism with each other at
the same angle. As shown in FIG. 22, therefore, the
illuminating unit 3 moves in turn in the direction of
the arrow o to change the incident angle 0 of the
5 illuminating light. At the same time, the image
sensing unit 4 moves in turn in the direction of the
arrow f3 to change the image sensing angle 6 at the
same angle as the incident angle 6 of the illuminating
light. In this time, the stage 1 is at rest. While
10 the incident angle 8 of the illuminating light and the
image sensing angle 6 are simultaneously changing, the
image sensing unit 4 senses 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 523, the image analyzer 501 loads and
reconstructs 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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In step S24, on the basis of the interference

luminance graph obtained by the image analyzer 501,

determination unit 502 obtains the angle 0 correspond-

ing to the range including the middle portion f of the

5 curve shown in FIG. 25, e.g., the range A, as the

optimum interference angle 6. The determination unit

502 sends the optimum interference angle 0 to the

image sensing angle controller 12 and the illumination

angle controller 10. In step S25, the determination
10 unit 502 stores the optimum interference angle 0 in

the storage unit 503.

L10%

the

The image sensing angle controller 12 receives the

optimum interference angle 6 from the determination
unit 502, and controls the movement of the image

15 sensing unit 4 such that the image sensing angle

becomes the optimum interference angle 8. At the same

time, the illumination angle controller 10 receives the

optimum interference angle 0 from the determination

unit 502, and controls the movement of the illuminating

20 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 8.

When the illuminating unit 3 and the image sensing unit

4 are thus set at the optimum interference angle 0,
25 the substrate transfer unit 11 returns the semicon-
ductor wafer 2 to the stocker, and defect inspection

for the semiconductor wafer 2 is started.
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First, the inspector designates the start of
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
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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ads 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 0 1is calculated from the

interference luminance graph. Therefore, even when the

thickness d and the refractive index n of the resist
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1 10%& () - & 106%%n%&n, the %ptlmum interference angle 8 is
automatically calculated. Accordingly, even when the
interference conditions change owing to changes in the

5 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.

10 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

15 or multilayered thin films are formed, the optimum
interference angle 6 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

20 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,

25 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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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 wvariations 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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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
(i:).A defect detecthing apparatus characterized by
RS 2 ,
comprising:
an object to /; 1nspected

J.é.f

5 an 1llum1nat1ng unlt 1ncllned at a!predeggip}ned
-angle to said object to irradiate said object with
illuminating light;
an)lmage sen51ng‘un1t inclined at a predetermined
angle to said object to sense an image ofLQ1ffract?d

10 _iig_E,from said object illuminated by said illuminating

unit;
anégnglercqntrollef which changes the inclination
angle of at least one of said illuminating unit and
said image sensing unit;

15 an &??9¢ processor(whlch receives the diffracted
light from said object by using said image sensing
unit at each inclination angle obtained by said angle
controller, and obtains a luminance value of the
diffracted light at each inclination angle;

20 a determination unit 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 luminance value obtained
by said image processor; and

25 an angle controller which sets the inclination

angle of at least one of said illuminating unit and

said image sensing unit on the basis of the
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determination result from said determination unit.

2. A defect detecting apparatus according to
claim 1, characterized in that said angle controller
changes the inclination angle of at least one of said

5 illuminating unit and said image sensing unit, for
each of not less than two irradiation positions of
the illuminating light set for said object.

3. A defect detecting apparatus according to
claim 1, characterized in that said angle controller

10 changes the inclination angle of at least one of
said illuminating unit and said image sensing unit,
for an irradiation position set in accordance with
a predetermined region on said object.
4, A defect detecting apparatus according to
15 claim 3, characterized by further comprising:

a display unit which displays an image of said
object sensed by said image sensing unit; and

an input unit which designates the irradiation
position for the predetermined region on the image

20 displayed on said display unit.

5. A defect detecting apparatus according to
claim 1, characterized in that in a graph indicating
the relationship between the inclination angle and the
luminance value, said determination unit determines

25 that the first-order light position of diffracted light

having the second highest luminance value is best

suited to observation.
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6. A defect detecting apparatus according to
claim 1, characterized in that if said determination
unit does not determine the nth-order light best suited
to observation with respect to the diffracted light,

5 a prestored reference inclination angle is set.

7. A defect detecting apparatus according to
claim 1, characterized in that if said determination
unit does not determine the nth-order light best suited
to observation with respect to the diffracted light,

10 the position of the nth-order light best suited to
observation is designated from a graph indicating the
relationship between the inclination angle and the
luminance value.

8. A defect detecting apparatus according to

15 claim 1, characterized by further comprising a display
unit which displays a pattern pitch of said object on
a graph indicating the relationship between the
inclination angle and the luminance value.

9. A defect detecting apparatus according to

20 claim 8, characterized in that said display unit
displays an index for designating the inclination angle
on the graph.

10. A defect detecting apparatus according to
claim 9, characterized in that said display unit

25 displays a pattern pitch corresponding to the index.

11. A defect detecting apparatus according to

claim 1, characterized by further comprising a display
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unit which displays a graph which corresponds to each
of a plurality of predetermined regions on an image of
said object sensed by said image sensing unit, and
which indicates the relationship between the

5 inclination angle and the luminance value.

12. A defect detecting apparatus according to
claim 1, characterized by further comprising a movement
controller which moves a stage on which said object is
placed forward and backward,

10 wherein said image sensing unit senses an image of
diffracted light from said object when said stage is
moved forward by said movement controller, and senses
an image of interference light from said object when
said stage is moved backward.

15 13. A defect detecting apparatus according to
claim 1, characterized in that said illuminating unit
emits linear illuminating light.

14. A defect detecting apparatus according to
claim 1, characterized in that said illuminating unit

20 emits plane illuminating light.

15. A defect detecting apparatus according to
claim 1, characterized in that said illuminating unit
emits point illuminating light.

16. A defect detecting apparatus according to

25 claim 1, characterized in that said image sensing unit
senses an image of scattered light from said object

illuminated by said illuminating unit.
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A defect detecting apparatus characterized by

comprising:

an object to be inspected;

an illuminating unit inclined at a predetermined
angle to said object to irradiate said object with
illuminating light;

an image sensing unit inclined at a predetermined

angle to said object to sense an image of reflected

light from said object illuminated by said illuminating

unit;

an angle setting unit which obtains an incident
angle of the illuminating light with respect to said
object and an image sensing angle of the reflected
light, on the basis of information concerning a film
formed on said object and an observation wavelength;

an illumination angle controller which sets the
inclination angle of said illuminating unit to the
incident angle obtained by said angle setting unit;

an image sensing angle controller which sets the
inclination angle of said image sensing unit to the
image sensing angle obtained by said angle setting
unit; and

an image analyzer which detects a defect from an

image of said object sensed by said image sensing unit.

18. A defect detecting apparatus according to
claim 17, characterized by further comprising an

optical system controller which selectively inserts

. 1096 () -

}

~
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an interference filter into 'an optical path of the
illuminating light or the reflected light.

19, A defect detecting apparatus according to
claim 17, characterized in that the information
concerning said film contains at least a thickness and
refractive index of said film comprising at least one
layer.

20. A defect detecting apparatus according to
claim 17, characterized in that said angle setting
unit calculates both an incident angle 6 of the
illuminating light and an image sensing angle 6 of
the interference light by the following equations:

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

62

sin~l(n:sin(cos1((n-d)/1)))

b = B81+(81-62)/2

d: the thickness of the film, n: the refractive

index, and A: the observation wavelength.

21> A defect detecting apparatus characterized by

comprising:

an object to be inspected;

an illuminating unit inclined at a predetermined
angle to said object to irradiate said object with
illuminating light;

an image sensing unit inclined at a predetermined
angle to said object to sense an image of interference

light from said object illuminated by said illuminating

unit; and



6+VSXI "1 $& ) *+N, , / W12QB84679;

<=x?@BD! EEF%4Q HI3KLi ORTVXEZ-] _za(dOei j | npsZu\ xz} . Kg- QK" j EOr * uVB$* g7e<=! 1#
$() +k. 146. 9<=#ABD6H=I JK" M\VRSVXZ] b

dgD krmp @t (vwKyV| }i 2JUh] aJL7+="& uQvSMV(VvY-6 &Z4 e

TUHSUR () *+, -./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUWWKYZ[\ ]~ _" abcdef ghi j kl mopqr st uvwxyz{| } ~6Ti mes
New RomanAri al Courier New'h Root EntryWr @3ocunentj9

| " H#SOR' () *+, -./0123456789: ;

<=>? @\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kI mopqr st uvwxyz{| } ~
| " #SUR () *+, -./012345678eermination unit which obtains, on theé basis

=>7? STUVWKYZ[\ ]~ "abcdef ghi j kl mopgr st uvwxyz ~
fn;$§§F??EEGﬁ!f 1?. ﬂ@fion cénéefning a éﬁlﬁ forméﬁ‘on saig'éggect

<=>? @ABCDEFGH i MOP RPN L SPSHRNEN LK TIORE vy a3
angle of the illuminating light and an optimum image
5 sensing angle of the interference light from the
relationship between reflectance and a thickness of
the film of said object.
22.] A defect detecting apparatus characterized by
c ¥sing:
10 an object to be inspected;
an illuminating unit inclined at a predetermined
angle to said object to irradiate said object with
illuminating light;
an image sensing unit inclined at a predetermined
15 angle to said object to sense an image of interference
light from said object illuminated by said illuminating
unit;
an angle changing unit which simultaneously
changes an incident angle of the illuminating light
20 with respect to said object and an image sensing angle
of the interference light at the same angle; and
an image analyzer which obtains the relationship
between an angle and a luminance value from an image of
said object sensed by changing the incident angle and
25 the image sensing angle by said angle changing unit,
and obtaining an optimum incident angle of the

illuminating light and an optimum image sensing angle
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of the interference light from the relationship.



