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METHOD FOR PAT EXPOSURE SYSTEM TECHNI CAL FI ELD The present
|nvent|on gene to a pattern inspection apparatus which detects
£y

a profile error glon) of a pattern having a cross section with
proj ections and rec sses and nore particularly to an inspection apparatus

and an |nspect ich determ ne presence and absend@9-gd0ldBiecti ve
def ormati on of m M ist pattern fornmed on a substrate such as a

waf er. BACK I'n a manufacturing process of sem conductor devices,

a photore5|st pattgww (hereinafter, sinply referred to as a resi st pattern)
is formed on a wafer as a mask for formng a circuit pattern. The resi st

patter“'f&ﬁ%?ﬁ@%idﬂ“n%vﬁ%&“i&ntEﬁkpﬁcﬁ?éﬁ RIS Rl SRR PRI L3 res';;d

applied on the wafer, using a stepper or a scanning exposure equi pment

then an exposed portion or an unsS¥gusRsE RYcshEan i S renoved (devel oped).
When performng fine patterning of various patterns of sem conductor
—devices, it -tsparticularty-inportant—to-fabricate-theresist—pattermwtih——-
good accuracy to conformto its design dinmensions as nuch as possible. The
resist pattern may not be propeHE%Hk%%gEgF%g designed - 1

The present invention generally relates to a pattern
inspection apparatus which detects a profile error (deviation)
of a pattern having a cross section with projections and recesees,
andnwreparticularlytoaninspectionappa:atusandaninspection
method which determine presence and absence of defective
deformatlon of a photoresist pattern formed on a substrate such

as a wafer.

BACKGROUND ART

In a manufacturing process of semiconductor devices, a
photoresist pattern (hereinafter, simply referred to as a resist
pattern) is formed on a wafer as a mask for forming a circuit
pattern. The resist pattern is formed in a manner that a mask
pattern is exposed onto a resist applied on the wafer, using a
stepper or a scanning exposure equipment, and then an exposed
portion or an unexposed portion is removed (developed). When
performing fine patterning of various patterns of semiconductor
devices, it is particulérly.important to fabricate the resist
pattern with good accuracy to conform to its design dimensions
as much as possible.

The resist pattern may not be properly formed as designed



JP9-2001- 0348 because of a defocus (out of focus) or the like during .
exposure. Specifically, the resist pattern is forned, deviating fromthe
desi gn di mensions. Wen the wafer is nmounted on a nounting stage, adsorbed
to maintain a surface of the wafer flat and then exposed, this defocus
occurs when the surface of the wafer is not flat due to a foreign mat t er
such as dirt and dust between the back surface of the waf dF9ZABIPHEE surface
of a stage, or when the height of the resist surface is uneven for various
reasons such as nonuni form application of the resist. Conventionally,
defective formation (profile error) of the resist pattern due to a defocus
has been inspected utilizing diffracted |light which is generated when the

resist pattern is il inated with_light as diffraction grating. For

exanpl el,%e’lc uf&p%%e%edeg?’tc@ﬁt ??_létf ¢ 8ﬁg5§1b?]f é:g‘l[el gﬁ%ﬁoé.]u -efz?f%él'f,e "presence
or abse fe s oc d, por g i etec AT

di ffer e%%%c\%ﬁilgﬁqgg'cgﬁgi b gﬁéitf%fr?agtg i Eﬁgﬁ% G eel?g%]?é%% Qg‘ie_f fracted
i ght Weie®h ginsd oiedtes edreel, f RRen tthe wef oeusetbidd 6n ARGust Neg Bagror tion of
the resist pattern. As mniaturization of sem conductor deviCes has
advanceddsarpeticto afhinheipat serfatonfethowatflee fedteanbashdreeapesedo snal |
to generate the diffracted light using visible |ight. For exanple, in order
t o genertétie defédcastaturisghber ridm auffaee welf thewafem ipi beh Ofataboet 0.1
mcronmeters (100 nm, light in an ultraviolet region with a shorter

wavel engttha (fF0® i Brtspbsten)as Rantiand doptibriwaedl bhe Raghsurfiscebe used

as a Iight gource, as described - 2 y JP9-2001-0348 in, for exanple,
Japanes&PAPENPAESF d2BP e P GiesE 8F RoSt2990-A380FS thewdedehtwRén

ul travi t 1] i the resis ern_is_exposed. Further, since
uItravi%H%F%%%ﬁgspgfgégggiqegepdéluﬁﬁgg%ﬁiéfgfﬁas 11%% SBSPPEéEOEWSten1or
neasuregenh i0hctiRe dEffractedidd ght requires enornous effort and tine.
Furthernore, an ultraviolet sensor used as a photodetector is expensive,
and it is sonebhtestdoddlioyl teFoceyves proauienaprdfinnaveetet) sanspe for a
| arge area. Moreover, to utilize the diffracted Iight neans that the

di f f r actriesn s&nglad tiegnv dueedodepeediongsohaa befhedenpecbéd. patiféensgon t he
wafer. Specifically, it is required to carry out a nacro observation in
whi ch tHé fééﬁéé?fﬂvilw mEti Oh 16f eRerpbs sthematthe yeddstt pagérotussi s
observed._from every angle and direction, and this has been a great

di sadvar’nléblg‘lflﬁtFegd‘ﬂjc{ﬂ%glJiﬁ%@ﬁt‘?#%%"é‘nﬂréﬁfﬁ%t ifRF EXEMRAEy 011

i nspecti An _obj f .th t. i_nvent{,Qn J4 .St il y_and highly
accurat8?9383?8c€é§$%$g‘ﬁFe88§§§$ﬁ?dé¥ﬁ§?$bﬁ§'cﬁéﬁ% %éﬁ%éph ﬁﬁ%?%ﬁc% Cross
secti onow fks g &l 8¢t A% caNbed 9008365 i SAaRtBeE QN \eEL ol 1 NG PESBENT
invention is to easily determ ne presence or absence of a defocus of a
resi st patftferancb3OCSURE s iHdh eldNWENT f@N dtrl ohhen ¢ € s ftf ciraviedt bON, a
profile error of a pattern is detected by nonitoring an anmount of reflected
| i ght fFiéﬁlféﬁ%agelgﬂ‘v\e@nlq}béSagangr@i’ée@uﬁ#%é@eoﬂetfheupatit penthawi ng a
Cross section

and a normal portion of the resist pattern.

As miniaturization of 'semiconductor devices has advanced,
a pitch of the pattern formed on the wafer has become too small
to generate the diffracted light using visible light. For example,
in order to generate diffracted light from a fine wafer with a
pitch of about 0.1 micrometers (100 nm), light in an ultraviolet

region with a shorter wavelength (400 nm or shorter) than that

of the visible light must be used as a light source, as described



3 . JP9-2001-0348 with projections and recesses. .Specifically, the
present invention detects a profile error of a pattern, considering that
the profile error of the pattern including the edge is small when the
anount of reflected Iight which is received by a photodetector fromthe
edge of the pattern is large, and, on the contrary, the profile error of
the pattern including the edge is |arge when the amount of JP%&2003¢4348 | i ght
froman edge is snmall. 010 The present invention provides a new opti cal
system for detecting a profile error of a pattern by nonitoring the anount
of reflected light froman edge, between top and side surfaces of a pattern
havi ng a cross section with projection and recess. In that case, the
present invention has a characteristic to m croscopically and higg%y

ical

accur at el détdct ©%R i | d2RpPeFE of 25eRF nd 3PS PBrR PRI iGatdioe

t ' LS l.ight f I Lt hout, utili zi | t i ol et
Yo M dbBBr FshPhS WAl ory R SR B Vi b 8 ALY 0L,
vi ew conparing, a £09g,308pe of Arépls RALLE N, Of & dafgeusedapori] on and
t hat ofng nornal TesiSt patfern. Fig. 2 is aviewshowng a 9? erence in

| nci dent ; 399k es) Ofe d hhHé‘M?tsierwlihb%ﬁ theUpdier §]§_é§ém Rat r%@é@uf’éméxh@

def ocused portion and the normal fesist pattern. Figs. a) and 3 (b) are
views of o negl Sdipetdeidy | DEPeCt reguapPar ahusmansl amrbRspeeid ofkimet hod

according to the present inventions Fig. 3 (a) is a schematic view of a

resi st pEtteharmoBe, an ultraviolet sensor used as a photodetector is
expensive, and it is sometimes difficult to even procure an
ultraviolet sensor for a large area.

Moreover, to utilize the diffracted light means that the
diffraction angle is varied depending on a difference of patterns
on the wafer. Specifically, it is required to carry out a macro
observation in which the defective formation of the resist pattern
due to defocus is observed from every angle and direction, and
this has been a great disadvantage in reducing inspection time
and automating the macro inspection.

An object of the present invention is to easily and highly
accurately detect a profile error (deviation) of a pattern having
a cross section with projections and recesses.

Another object of the present invention is to easily

determine presence or absence of a defocus of a resist pattern.

DISCLOSURE OF THE INVENTION
In the present invention, a profile error of a pattern is
detected by monitoring an amount of reflected light from an edge

‘between top and side surfaces of the pattern having a cross section



JP9-2001- 0348 inspection, and Fig. 3(b) is an enlarged view of a main pari
of Fig. 3(a). Fig. 4 is a view show ng the surroundings of |ight including

a-diffusion angle Y of the illumnating light. Fig. 5 is a view show ng an
equi val ent nodel of the resist pattern. Fig. 6 is a view show ng posi tions
of a light source and an eye where the illumnating |ight cannot be viewed.

Fig. 7 is a view showi ng an exanple of an autonatic inspectiPorz0appaasat us .
using a CCD of the present invention. Fig. 8 is a view showi ng rotation of
a wafer on a stage. Fig. 9 is a view showing a direction in which the
illumnating light is emtted onto the resist pattern. Fig. 10 is a view
showing a control flowin an inspection PCof Fig. 7. Fig. 11 is a view

how n Teasurement. resul t .of _a wafer neasured.b syst.em of the present
?nsgkt?o§”g$lFP69jﬁ? 1=KK f?disr%f?ﬁ%ﬁﬁ'sho%fﬁ l&ﬁggﬁﬁVuni Ii RyePFGht -
emtted t : resi st d e m pating |ight
o {100 kR LARISUSLa0R BloEhe LAY 0PN LSkseand LU ddJ T Btioo |

i 1l um nattihrgpkbghle @¥iddireds tth e pat edee ithkahRkehg Fhd.edk? 1§ shatiiewnhehow ng a

difference in reflected light fromthe resist pattern of the defocused

portion dhe aheumpofate flesiteld paghtewhich i received by a photodetector
from the edge of the pattern is large, and, on the contrary, the
profile error of the pattern including the edge is large when
the amount of reflected light from an edge is small.
010 The present invention provides a new optical system for
detecting a profile error of a pattern by monitoring the amount
of reflected light from an edge: between top and side surfaces
of a pattern having a cross section with projection and recess.
In that case, the present invention has a characteristic to
microscopically and highly accurately detect a profile error of
a fine pattern by a simple optical system using visible light

for general use, without wutilizing ultraviolet 1light and

diffracted light.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view comparing a edge shape of a resist pattern
of a defocused portion and that of a normal resist pattern.

Fig. 2 is a view showing a difference in incident angles
of illuminating light from the resist pattern of the defocused
portion and the normal resist pattern.

Figs. 3(a) and 3 (b) are views of a resist pattern inspection
apparatus and an inspection method according to the present

invention; Fig. 3(a) is a schematic view of a resist pattern



JP9- 2001- 0348 BEST MODES FOR CARRYI NG OUT THE | NVENTI ON I n description

bel ow; al though only a resist pattern is used, an application target of the
present invention is not limted thereto, and the present invention can be
applied to all patterns, each having at least a plurality of continuous
proj ections and recesses (thickness) . For exanple, the present invention
may be applied to a fine conductor circuit pattern on a sefd¥8dRM48r
device, grating for a sem conductor |aser, a color filter and the like. A
detection principle of the present invention is described before detailing
an enbodi ment of the present invention. A profile error of a pattern
appears conspicuously at an edge between the top and side surfaces of the
pattern ( i er igml y <refie t ) W, t rotile
error (dé&?gﬁfgﬁé%'tﬁ%§s a'e3é?)t£é%ghégﬂ%§§%§tgggﬁr%%f%ﬁ%q6? gfgaﬁ%shape
that theredgesshoul d have. For exanple, as shown in Fig. 1, the edge 18b of
the resist pattern 12b is curved nore sharply than the edge 18a of the
normal resist Pagt drbs B2aie®pdowingalHeysutheurdipeyd 8l 1 iglcuinedudbmar dl y.
This is because a fuzzy inmage (mask pattern) is transferred to the resist
due to tReddéfveiigndardhy ©xposilte ilthaiersing 4598kown in Fig. 2, the edge
18a of the norpal Qgsist atteﬁn 12a and the ﬁd%e 18$%§f:ghﬁ def ocused
resist pattern 4i2b “aré ?égﬁﬁﬁﬁ'9gﬁ99d?fF§Wéﬁ? Rt AT et &G ERSBSind 1~
of illu 'gggng;light Li with reference to the edges, and thus the angles
of refleCte ight Lr with reference to the illumnating light Li are
different. Spegidicaliy.a thew @Bbegﬁ'?%béiﬂ@i&u@fof ab1ighdP80208d- H348 the
reflected light fromthe edge, out of incident light to the pattern,
changes in ageovdaneetiw thl himimedlingaflightdegneet (lamgéiegwasf. t he edge. Wen
the position (for exanple, an angle with reference to the top surface of
the pattern) ofi?he”’phot oflet/d€orSho¥ingc A et AP Péctadd FIEPRATECT | xed

at a certain sition (angle).,. the un reflected light. fromthe edge
enteringEPﬁ 88? 2 p%%?%régg%fg?J§%§ngg§ P% gé%o ra%%%?vﬁ?%éﬁ € 'ncl i nati on
degree (angle)rpf. tda £406&: P86 EQ! F ¥t a0t RE 1anGhiraat AN, dggi&e, (angl e)
of the edge becones l|larger, in other words, as the defocus becones | arger,
t he amount of Fejl edt etlsl ightiéwomshvhvengdge eritrectthigni i whecphotlogdet ect or
beconmes snmaller. As a result, the profile error of the pattern can be
sensed byldenéeatagd t heohihoumtengfttedr peEpelinei ghsi st drtittieredge. By
relatively co ariq% t.he _anpunts of. reflectgd Li%ﬂ} fromthe edge for each
of the edges or*$or edch?certaiH Aréds? tRR pPeserite *8r 2BbERMRE" T t he

di stribugiogrof;ghe;profile errors in the patterns arranged two

di nrensional ly can be macroscopically obtained. In other wrds, even when
the patterns arsgf arinmad tweie nensiionak| yeoyerement desaeacft Hevgfef i | e
errors of the patterns can be obtained as a two di nensional distribution
(macr oscHPRENI®Y PeadusYHen d faet Brasehhi Leverhien mf ddch dppropriate

area. In the present, i.nvention, {he, detecti, r.inciple. thereof,.is
undanent al | y e r C
Fundanent al Ly T4 T aPert®. Fr SeeREROTHE HE b dreRe PORARS bt PBE 81 e
di ffract gfeLioblo Qf. /¢Rerentnbi QR 5+ PR]GISICAL ¥nel N 1LAE REERGMH 1 JHWent i on,
t he | ar gest poss?blé anount o% re%ﬁe?%gﬁklfdﬁ% e " gtig
emitted onto the edge.
Fig. 13 is a graph showing the ratio of the illuminating
light emitted to the edge thereof.
Fig. 14 is a view showing a difference in reflected light

from the resist pattern of the defocused portion and the normal

resist pattern.



JP9-2001-0348 fromthe edge is detected by excluding (so as not to detect)
diffracted |light and coherent |ight as nuch as possible. Accordingly, used
in the present invention are a positioning of the optical system a
characteristic of an optical element and the like which are different from
those of the conventional nethod. In the present invention, in order to
obtai n the maxi num detection sensitivity, used are, for eXB#BP@&L 0348
positioning of the optical system characteristics of an optical el enment
and the |like as described bel ow, which are different fromthose of the
conventional nethod. (a) A uniformsurface emtting |light source is
preferred as a light source. (b) The light source is preferably | ocated at

iti wh i i (IS l,hated with |ight.
A Dernatively. t nERPToHPBEBCRos Tastuhly % able aRvENE YN T orm cur face’
emitting |igph QAR08 N AbsetvRdLdlY chile Phetodetetkary, Fuinbher, [t i

preferable that |ight be incident to t edge between the top and side

surf aceanobpphecpal ber tardéom antiad s o Aedintdbar idi heet Lenivedh
reference thereto. (c) It is preferable that the |ight source be a | um nous
flux w thedietectand the piresepredetermiaredaaig @pl berd sranipl patabous, 35
degrees) or smaller. (d) It is_preferable that the |Iight source have an

obl ong E8€PcRaViRre)aGhARST PoPldXakpFE, °h S TBIOWORHOK eSEORRT #8F gi vi ng

~ 9 - L 2E3:290 _éE%%%ess). For example, the present invention may be

applied to a fine conductor circuit pattern on a semiconductor
device, grating for a semiconductor laser, a color filter and the
like.

A detection principle of the present invention is described
before detailing an embodiment of the present invention. A
profile error of a pattern appears conspicuously at an edge between
the top and side surfaces of the pattern (hereinafter, simply
referred to as an edge). With the profile error (deviation), the
shape of the edge deviates from the original shape that the edge
should have. For example, as shown in Fig. 1, the edge 18b of
the resist pattern 12b is curved more sharply than the edge 18a
of the normal resist pattern 12a. Specifically, the edge 18b is
curved inwardly. This is because a fuzzy image (mask pattern)

is transferred to the resist due to the defocus during exposure.

Therefore, as shown in Fig. 2, the edge 18a of the normal
resist pattern 12a and the edge 18b of the defocused resist pattern
12b are respectively different in incident angles 6 and ¢ of
illuminating light Li with reference to the edges, and thus the
angles of reflected light Lr with reference to the illuminating

light Li are different. Specifically, the reflection angle of



fhe luminous flux directivity. (e) A CCD, for exanple, can be used as the
phot odetector, and a |line sensor type CCD which is capable of detecting
lirght with directivity is preferred to an area sensor type CCD. The pattern
i nspection apparatus and inspection method of an enbodi nent of the present
invention is described in detail hereinbelow using the drawings. In this
specification, ~as an exanple, description is provided regdPdi2ogl-a34gase of

i nspecting a resist pattern in which a silicon wafer is used as a substrate
and which is formed after exposing a positive resist, which is applied onto
the wafer, using a scanning exposure equi pnent, and thereafter renoving
unnecessary portions of the resist. Further, this resist pattern has a

t hi ckness of, for exanEle, 0.6 to 0.7 mcroneters (gym . Note that

det ect i orFhGarf ebéd epErfot HRRE htam whenetge raxi stif Rasidantveighimdld ghe

t hi ckness of, for exanple, 0.1 mcroneters (unm)_ or smaller. Figs. 3(a) and
3(b) areRﬁ%é\ﬁsmsh%Ji}\i‘% foW 19 ain§ei‘t”r‘iﬁ‘ﬁaﬁa3t'2j“aqﬁ$%oé‘f¢‘%%¥%%l (PAILA
pattern i ction appar.atus,of the. enbodipent of the present _invention.
The pattéﬂigﬁﬁ%pﬁéé?bnqgﬁﬁérgﬁ%sp?%%TﬂﬂEs(fﬁﬁ ?f@ﬂ?r%bu?%eaﬁgi%rWlth

i1l um nat.i resi ter. r.ed f 1 ith, th

il lum natr:e%rfeimgﬁt I‘?fit,%tea{r%glgas(%lrit}ga%t% égé@?v?%gt%}g)n\g%P%%P%P\gggﬁ%ﬁgofhe

refl ectedd irghicibe WRkCheirs [ i nating d4 ght Li.reflec - he edge
of the resist patternblg? Tﬁgbﬁ%o%%éﬁgréﬁ;ﬁgﬁédgghfgéfgf%%égtE§g1?¥o%s

i 11 um nat@eguiet) i the ambubBidrateé Nedt gl ibht filgh fRERIMeNhtefing into
JP9-2001- 0348 neans receives the reflected light Lr reflected by the edge
and a smahleesthgiossitislcs canwhangef hef hecbedahtghwithonhthentopnsuibébace. The
detection sensitivity is inRroved by receiyin% as much the reflected |ight
Lr refl eCe8deBy (@rREL8AgeTashposd9dl e.SHaridiigaldy t ke shagéncsinahbee the
wafer 14 js pla?ed, IS c'rcug%% ﬂad is freely rotatable in a

ci rcunf ePEAERE (TR I00nt RDSFEeARe eSS LAKOER i 5 #theRevpeihendi Bt ar | y

i h int of the circle It is pr ble that th
T i nat g SR oRECe R R R bR e e EGRE Th B Te 0Bk PEPDI t0and

illum nating Ti ochromati

vi si bi | i bugehan d:g d LEPS theGhiotiRe LXeRRs He%%ﬂie\égén%ﬂeef.ef %B.E%t gdobight Lr.
i gh Iimted t or

However, the illumnating light Li is not | ereto détection

The il lumheapiogilé gitrdd draYhBEpd t Edtn idael HEI HehSe &8yt AbReWRYRLENGL h OX a
plurality of wavelengths simlar thereto. For the light source S, a surface
em tti ngameght sbureéléstededighthifoleom $heordgeucted as an array having a
plurality of Iight emtting diodes (LEDs) arranged vertically and
horizontal |y, BYUd$l@fdielNecomnafiingathiagmopghe o reflentedtddghthtramtire

resi st tern 12, In order_ta receive the reflected |ight Lr which is
reflectgghﬁyegﬁg Eaae?a?ﬂeoﬁagg?e 9 S RE FFFUnFﬁéF?g@ Premt Lihs s

Pr ot of 20bYelehitnop JRUAROLORHE, 400 LR OTRELR 0T LA SO

light region. Tn a case of Using Visi the a et ed

light canpbed 5088EZE YnBELGNINESReks i S MBS shnWe hber s L4 80tad | i ght
Lr. Note that, however, the - ‘10
obtained. 1In other words, even when the patterns are formed two
dimensionally over a wide area, the profile errors of the patterns
can be obtained as a two dimensional distribution (macroscopic)
by measuring the patterns while scanning each appropriate area.
In the present invention, the detection principle thereof
is fundamentally different from that of the conventional method

using a diffracted light or coherent light. Specifically, in the

present invention, the largest possible amount of reflected light



JP9-2001-0348 illumnating light Li is not limted to visible Iight, and
may be light with a different wavel ength region such as an infrared |ight,
as long as it does not include a wavel ength which exposes the resi st
(ultraviolet light). Fig. 9 is a view :show ng the surroundi ngs of the

| i ght source of an enbodi nent of the' present invention. In

diffusion plate 13 is placed in front of the LEDs, and a.d43$@5§h9$4&ngle
(an angl e of an uppernost or |owernost |ight beamw th reference to a
center light beanm) of the illumnating light Li fromthe light source Sis
set to be 35 degrees or smaller. The reason why the diffusion angle y is
set to be 35 degrees or snaller is because it was |earned, as a result of

vari ous %est that, this le i % rove t hen detection
sensitiv %%&F?eeaﬂ?nﬁﬁaaﬁﬁacaﬁﬁeégs%% ¢ CR2cHS RO P e teee gn
f.ro(r: ar e&fff%é‘é‘{eé han th*Ee g&'@e’co%' reh%Ct %ngﬁi herﬁgay%r ed, ) ' 1 and the

ik constructions 0 f§Si e are
shown be h E o. a erent
wavel eng%ﬁ%E&E%%lpl? e:ﬁsier?%o\aﬁgﬁ%ucftél%errltt ?qu}éﬁpgﬂdﬁpe i 'glggﬁ%%ﬁ é>6€ED

Domi nant ¢ navebenel his M) aliclBtabbéenstiyioB. ép@pt@cé@cu@:n@n@ Pedtern:
15 degrees, Nunmber: 240, Size: 250mrn x 98nm Di ffusion plate:

Transm t thedeke6) chher s diffdee catifiricmithd bt theusaevdrsd ingatlhee dHd25. i s
preferred for uniformzing lumnance of a light emtting surface - 11 _
JP9- 200110348 poeoditainvanhigherindordet itei ¢dlytafn the naximwimdd et idght . The
surface emtting light source is capable of illumnating a wide area with
the il|upematthgl iy giusedi ane, dindeexanetef ¢ eoshhéAni e qlethecartd dalght Lr

is received by the |ight receivi neans, a.difference in the reflection
light frowet ‘ng cqb‘-‘cm‘?ltfitolr‘f afd ERe ORERGRLSE emerti caltf petka &t |y

id i f I Hd
SEnL B FAT e T e g g T D ol o ERUEEC R0 04 o out

w t hout npowddgeihe ]l ighthgpurce S or the substrate 19 when an inspection is
conducted. Light fromthe light source Sis required to be emtted to

(a) Auniform surface emitting light source is preferred as a 1light
source.

{(b) The light source is preferably located at a position where
the edge pdrtion of the resist 1s illuminated with light.
Alternatively, the light source is located so that the uniform
surface emitting 1light source can be observed by the
photodetector.

Further, it is preferable that light be incident to the edge
between the top and side surfaces of the pattern, from an almost
perpendicular direction with reference thereto.

{c) It is preferable that the light source be a luminous flux with
directivity of a predetermined angle (for example, about 35
degrees) or smaller.

(d) It is preferable that the light source have an oblong

(stick-1like) shape, for example, a size of 20mm X 300mm, for giving



the top surface of the resist pattern 12, slanting at an angle within a
range.of 15 to 75 degrees, nore preferably 30 to 50 degrees, with reference
to the top surface of the resist pattern 12. Further, it is preferable that
reflected |ight be received by the receiving neans, slanting at an angle
within a range of 15 to 75 degrees with reference to the top surface of the
resist pattern 12. The reasons for the above are as fol | owdP9-Eo@in0348e
results of the tests, it was found out that the reflected Iight fromthe
resi st edge generated by light illum nation can be nacroscopically
cal cul ated by approxi mating the shape of the resist using an equival ent
nodel shown in Fig. 5. Specifically, an approximate reflection angle with
reference to_a light illumnnation (incident) angle may be obtained by the

f ol | owi ngPeqd&fipRYS- fx dingot By 0348 6= 80-G n-260 "' (1) wherein A
denotes th eflection angle, G n denotes the light il|lumnation angle and
60 denoté§?t%e£¢§si 1 E&G piﬁgl@?ng@ﬁtqﬁﬁq afr bR (AP e cdedri 8R4I @shapes

of the resi st patterps_w aplurality of lin i dt hs ,observed by SEM or
the Ii ke,eﬁllj? \ﬁggs%unﬁp%u{ng h‘"é}?l%lllssh%/aﬁeasbloef Qtefhge(r%?&%épgpgf?}& n@YB e
represen an,neLi ! 0 .qf. .t e t W thin a range
of 30 toh‘;ge éér@ggg Elf nlggéd%?%%,géo: a?]elagteiaoggﬁlgggb% %e&h he reflection
angle and the THG!ﬂMéMiﬁB?E@tQ&nteﬁ?erea%u%I aBE9en WV i rAnkRRE] SFOom the
maxi mum il lum nation angle of 75 degrees to the mnirnmumillum nation angle
of 15 degheesbuesimebt abnethe spgsatuatnvemtibh iGoasequeBelyinidev@s) f ound
out that all the reflected light fromthe resi st edges having inclination
angl es wheheanhetanges bfig 36he¢ od 70 degp-eed nhabisekpect £ boaahgl esabedmeen 15
and 75 degrees with respect to the |ight illumnation angles between 15 and
75 degr e882mBpEci ¥ AN IRLIAN 1RaRT PHLIRF CGIYARANIt hecdSghE spsReet Stoul d
cover the |ight ill%ﬂinatiqﬂ aq?Ies, etween 15 and 75 angl es and the

phot odet 8cfoF* 7% RAG 'EGPer ™ (i §1T Ghf L FECRR VIAFTangl BEedéna et A Bk 75

degr ees, el aLA SR JRER! UEpb D8y g o |Rald Ll ghL Lroming, rest st

edge portions o shapes.” I'n o rwo e’illumnaring Ht™ Li is
reflectedpb0ibheofRPBk!Ea Ad e wafinghe s@&%ﬁ%@f i@ﬁg@éu e (sEthmﬁPlt‘,’"ﬁﬂ{H the
er e Illu

light illum nation angle is 15 degrfees or sma , ereas’t m nat i ng
| i ght Li thereeftectrethoviing whnkeeelsisaryiporaidsstdetrulstiate Irh when t he
light illumnation angle is 75 degrees or - 13 JP9-2001- 0348 | arger.

Ther ef or éhishees bft avttddrini hht 4 rtlciagimetssbefy efer vaathripl et hé . phod crlet ect or

P. ,
micrometers (um). Note that detection can be performed even when

the resist has an even smaller thickness of, for example, 0.1
micrometers (um) or smaller.

Figs. 3(a) and 3(b) are views showing how light is
illuminated and reflected in the pattern inspection apparatus of
the embodiment of the present invention. The pattern inspection
apparatus includes.the light source S for illuminating the resist
pattern 12 formed on the wafer 14 with the illuminating light Li,
and a light receiving means P for receiving the reflected light
Lr which is the illuminating light Li reflected by the edge of
the resist pattern 12. The whole or a part of resist pattern 12

is illuminated with the illuminating light Li. The receiving



The phot odetector includes, for exanple, a canmera P using a CCD (charge
coupl ed device) as a light receiving elenent. The reflected light Lr

recei ved by the CCD is converted into image data as detailed |ater. |mage
processing of the image data is further perfornmed to detect the defocused
portion. For exanple, with inmage processing, a portion where the inmage data
suddenly changes due to the anpunt of the reflected |ight §PDROGINEB48dge is
detected as a difference in brightness (lightness), thus the normal portion
and the defocused portion is distinguished. Wien the camera P is used, it
is feasible to automate the i nspection apparatus 10 as described | ater.
Further, the human eye may be used instead of the canmera P. In this case,
the reflected |i ht Lr is viewed to distinguish the normal portion and the

def ocuse{ﬂef)‘&Fﬁ% eI e arPELPERRE JiJriéll'tthéJrr gefiecked Ryhhe pdgpsament i oned
| th P | t t b the t
St f ace’ 31 TEHA P HA T O oA o DT 98 TP P HeBFees: i t h
f h , |.i ght. L b d
even at T %‘S‘%‘gtlvu‘fﬂ%%e%tﬁﬂ%n 71T e B0 e 2R By be

| ocat ed @éf@eeeéatip@wmx%ﬁmtre@na th@v@ﬁﬁé aflsl%i@ﬁ ¥ n Fig. 6, the

canera P cannot id ify the reflected |1 ght it source S and

the canera P are Hiegatzedtns étﬁ@am WwheeeWhd wded l1lunkngi kpgg) '394“ Li.
Hence, the angle positions of e light source S and the canera -

JP9- 2001 D481 &£ ared neqﬁréeﬂytxbﬁkiahIeEdnaN%Q&ﬁUUMﬁeQ%ﬁhlalh@ireéﬁﬂoﬂ|1e
|l ight source S and the canera P are required to be | ocated on the sane side
W th refebpentean i migictt igaat bime FRrpahel culle riliyghé s soug cehi®ugh | ocat ed
at a position at an angle within a range of 15 to 75 degrees with reference
to. the tp %%ﬁ?%ﬁmPQﬁnqlﬂfrggﬁ §irpdftern 12, an angle (3 formed by the

angl 0. range oft Sbodt BIUACHISH nideko ity ﬁééum%%é%“é‘ﬁ%ﬁ%? ?#““'” "
Ll NSRS e 4 1o FoB BLELADI AN A Y ShanGe, ot ng |ight

source S and the resist pattern or exa PR a raﬁ’e of 300

to 600nMndhisght hetausAng fmddis distanss b@ﬁavegefwstéégﬁa gpurge S and
the resist pattern 12 is too long, illumnation intensity on the resi st

pattern Hvéger edtloed Hnthimaadnlgr asyhef Lihesr et eviwiidd WHeddtd For
deteriorated. Thus, the defocus is overlooked. Un the contrary, if the

di st ancedefer Giviern + h8hki ghlunbnating lightt e meyi be pagherindihdisid @o short,
the contrast of the_ reflected light Lr is deteriorated, and the

i|1um na‘f‘?%‘%ﬁ%fhf“éﬁé{lﬁpgtah Phe LIPSt tpath gRkelongenrasiias Yhegeto -

ye, the By ensotaoE AL il the “?w%ﬁ?%ﬁ%eﬁ%ﬁt‘arg@a#g?ﬁé P@%d??”a”

I'red eaS|Iy and an

pattern 42 W ths thgndd i ati ng, 'mteﬁtlhm allljt_%t oIS 13

preferable that the distance between t resi ern and t e canera
(or the @yitihdeaiolios @xarplLsraMdel Vet g al @n@ﬁio@.@goﬁ@aﬁwr@hcﬁh' s is

because, if the canera Pis - 15 JP9-2001-
that the illuminating light Li 1llum1nates the entire resist
pattern 12.

In order to receive the reflected light Lr which is reflected
by the edge, the wavelength of the illuminating light Li is
preferably within a range of about 400 to 700 nanometers (nm) in
a visible light region. In a case of using visible light, the

amount of reflected light can be recognized by brightness

(lightness) of the reflected light Lr. Note that, however, the

- 10 -



too close to the resist pattern 12, a field of view beconmes narrow, and, if
the canera Pis too far fromthe resist pattern 12, the contrast of the
reflected light Lr is deteriorated. The positions of the |light source S and
the canera (or the eye) P may be fixed within the above nentioned range.
This is because, the angle of the reflected light Lr with reference to the
illumnating light Li is constant. Therefore, the present UR9€oti-03is8can be
utilized for an automatic inspection apparatus using the CCD whose demand
is expected in the future. Fig. 7 is a view show ng an automatic inspection
apparatus using the CCD of the enbodi nent of the present invention. In Fig.
7, the substrate (wafer) 32 having patterns to be neasured is nounted on
the circular stage (work) 30. The stage 30 is rotated or noved horizontally
or vertidaiiupipptanpi héaht nbi ofs 3wtcdAmisretio byl silglontldghiter a86. mAg shown
in Fig. 8 the stage 30 is rotated by 90 degrees in a circunferenti al
directi oPesoighhtviHe 5 Adg&errsh %aﬁe}ﬁﬂ% Fiegd oBusush Gih andinfer ead

is_i because pattern 1 orientated in X

directioiﬂ 3; L £ %\/nen th he. ref%%t 21'&
and Y di ré&itendsd od’q Pght b i L E Pl 1Y ol AY © A= BE" B AXRP§SS9, the
i nspect i qp of, etsh% ?R}a‘pagig{ ]zﬁletqu entated in the Y direction can be

e

carried out b orenenti one t'hod, whereas the inspection of the
resist patternFig Qri ent et &d shBul hg t%edwlefadmn@%eaﬁthe ﬁegr&a%"f‘fgeout
froma plurality of directions sinCe the emttedlight is not reflected
toward the sh eadodoneat qOLAE presdntdi @serdtitod i ghh SiQur g aaafflfbghéﬁ 40, 92
and 94 for three - 16 JP9-2001-0348 |ight beans A, B and C,

respecti pébye Wt bs db¥d@zcknin ifldonni nat the LEDE esndlThedposibionsawgld he
respective |lights can be changed along a predeterm ned arc by a notor 46
whi ch i s Ycbtan eoRiled hpnaireritrat er l%erlﬁl@étahlgﬂé:sbeﬁmmahr especenve |ights
can be chagaged wthin a range of . to 75 degrees with reference to the

top surf &8 GENERE lde@thtte]P‘ﬁaIBh Otfh'%h%rlPcumﬁ]é%%llf%aﬂgf’ﬁélnﬁh%‘érth@fl%ﬁlfg%ts is
set to tgrgg 1;0:5 fs%rtpgr |r§%r venent of th(ildete i on sensit but

1t
the dete&Ion can e5Si BT & WA SES I Tasodh& T i ghte Faﬁﬁf‘ew#l)&t }%/éeast one
of the Iaghkﬁshanp%ié cm@ @tb@o&?er@%n%syé@é cglo sfm'aqlsggﬁs%eémsé esi st
pattern on the wafer: n Fig. 7, the Iight A ( | ocat ed at a position

w thin aicange farded, 0a52a Ci%\ﬂQSoftwl‘ErldLgi‘”tthQAf%hdts thegakggd1ati A
position within a range of 16 to 18 degrees, and t he light B (92) is

| ocat ed ppthwaappe oxiprmtvel \theodriatbt b hseiiﬁﬁﬂvliitlyewhémsaﬁl11ﬂ“1'1&tb]l’11'c_ght= ness
of the light beans is adjusted by a power source 50 for lighting. Simlar
to the | PGAESESERBY poidhti Grichf ag I 9ques depBbrixamergas2othar bharhanged

al ong the _predetermn arc the notor 96 which is controlled by the
cont ?ol I Epg &9 e ‘flfgﬁ{a?te‘?fg \]/'FﬁﬁtangflcétSFr?ﬂe Loghdr 2> EAR b]e”{erranged

wthin aglkafee0ls l3.hq 2R-APEL G WhEN EFLRALCIRE diG 18 hopy SpuLface of the

pattern ont € Wor caner a nonirtoring Is attac

52. The gHbpHtBelsAM s £ UM ke vas a@ﬁe4§E9f md N h NG qer
source 50 for lighting and the caneras 50 and 52 are connected t

i nspect i anfpersnnalaeorendwt. (PC) 56. The inspection PC - 17

JP9-2001- 0348 56 controls each of the controllers and the power source for
l'i ghti ngrEbasplieonia Goredetertionsd oful.Braend biebSuriang Pleegram By an
instruction fromthe inspection PC 56, an image pickup optical system
(positional reb&Ri QREHING et aBehepaeh | |§3ﬁT§“faﬁd9Rtnén§@mmYCa?rrér®), is

arbitrarily set in accordance with an inspection target.
Directional pattern: 15 degrees, Number: 240,

. Size: 250mm X 48mm
Diffusion plate: Transmittance: 60%
The surface emitting light source using the LEDs is

preferred for uniformizing luminance of a light emitting surface

- 11 -



The i mage pickup optical system (positional relationship between the lights
and the |line sensor canera ) and the angles shown in Fig. 7 are set as
follows. Specifically, they are set so as to exclude unnecessary scattered
Iight and diffracted |ight and to detect subtle shape changes of the resist
wi th good sensitivity. Here, the nost inportant point in designing the
systemis that the diffracted light fromthe inspected waf ePsdo@sosust
return to an angle at which the line sensor canera 52 is placed, and only
the reflected Iight fromthe resist edge portion is taken out with a good
contrast. Accordingly, the diffracted |ight generated fromthe pattern on
the wafer used as diffraction grating was cal cul ated using a reflection
grating nodel, and a positional relationship was set so that the diffracted
l'i ght di d°n8PtRePuRNDEeheRedbirRfte vhtt ueifc hehél Domina theng drisrt .exThes when
a dedicated reticle was used. It should be noted that an optimal pickup
angl e may B 2ERaRPLHE Pty SEHTFRel § cPiRAblenafel | Hisidiatiimy eheide
positional__rel atiqnshi Fi g.. .10 sho a control flow (automatic
measur emSAEF Y oW %15’3(7 %ﬁjeu%’ga%fnq Eégk\qﬁslﬁeéﬂgi%rhcﬁ:’c EBepeierg: When theee
2001- .urned. o step .,60) . .The canera
PO PR By Pt TR ¢ e craPar o3 e

lights args L8 1989 52
receivesrtheereFFectgdﬁl| romthe p ern e p?62) . A

capture @argewehBinih henfG XA d@G8hYeSghher Pk Pitle WA NBoGRIBRAaRE and
the value (digital value) of the outpug is stored in a nmenory as I nmage data
(step 69rhe déwosigel pbrthendigi bal cMad 16y GAEhesPOSdS trriche anpuRLe of the
reflected light. The angle of the camera is changed by controlling notor 96
(step 66fhe StwfmceH2mibtébgdrigghtepeat eel camdil hemimeage adaide Gaiegiwath val ue)
captured at each angle is stored in the nenory.. Based on the digital
val ues obb&iinedmined ing Ebokiedildete s camfine ofntieeceanbed B2 attbiach t he
detection sensitivity (density (intensity) of the inmage) is maxi num (step
68). The™CHMBP & Light Rauree S RE H%%i%ﬁ&f?%ﬁjﬁe?4Nﬁ&%ﬂﬁénﬁﬂ@P%@%iQmons on
the wateg are 8§k gg controlling the notor 34 (step 70). After the wafer is
noved to the ?IFS% Measur enent position, neasurenent is carried out simlar
to the steps 62500 G9m 8hd 1/BACBALRC TS ¥ 966 L04 1A HIBORE Y. (S1EP 72)
The steps.70 and 72 are repeated, and the nmeasurenent 1s . "sequentially
carried ohé whb | Susfaiidi theerspastreed rP0,t is0RSt QRgthe yRfHlg1dMt this
time, since the canmera 52 is a |line sensor canera, the neasurenment is
carri ed wuthismial vampe piigl % he Madeyrdns eache InreEeatb py adet €5 Mgk ddd er val s.
The neasurenment is conducted until all neasurenent points (lines) are
conpl et e¥ythresghipeancestagtheasopempmtadgat #F tthe PEsjertf patgemapping of the
i mge da;a %i each position on the wafer as a two di nensional inmage (step
Pre

76). The Bhee "of ° APSERCECIF tHIRF profPFLESEriGNt-Pageceiypg bydhe-03-~8
(def ocused 49l | D5 RELAGTAR 90 L0 5[5 620 e deteoied g the
degrees with reference to the top surface of the resist pattern
12. The reasons for the above are as follows.

From the results of the tests, it was found out that the
reflected light from the resist edge generated by light
illumination can be macroscopically calculated by approximating
the shape of the resist using an equivalent model shown in Fig.

5. Specifically, an approximate reflection angle with reference

to a light illumination (incident) angle may be obtained by the

following equation:

...12_



Fig. 41 shows a neasurement result of the wafer which was actually neasured
by the use of the system of the enbodi nent of the present invention in Fig.
7. Fig. 11 is a neasured resist pattern with a line wdth of 0.3

m cronmeters. Approxi mate quadrangl e and dark (dense) portions of the inage
in Fig. 11 show where the profile errors (roll offs at the edge of the
patterns) exist. The profile errors were generated due to JP9-2001-0348
de-synchroni zation (errors) while scanning was performed by the stepper

whi ch exposed the resist pattern. Since the stepper used synchroni zes by
each reticle having 3 x 4 chips, i.e. 12 chips, the profile errors are
generated per area of one reticle. These profile errors are inevitably

generated due to chraqni zation,accuracy of the stepper while scanning. In
the tests cond%tﬁiﬁ?ﬁﬁﬁ”&%@ invéﬁ?ors, al nost none of the profile errors
that are | nevitabl enerated caqul d _be neasured . with the convent. onal

net hod uY#?{%%%Sgdg?ﬁbEﬁﬁf% T éﬁ?anPﬁy?heeh%p TS ofhe odi nent
of the p invent | in Hg. p ile errors can he detected as a
clear i n%%g&ggn%sﬂlo% él &J = %.ndl%o éfp_hpgﬁe&i%ns%eescjtsitor? aqﬁpé"‘ﬁ“&?Ss of Fig. 7,
exposur e condigy ke 0rrddie PMOLH S e GaRMRE adiapeked Pased ,an the

detected profile errors of the patterns. Therefore, the inspection

appar at usa e e wintpapplLateUi t PlaX aAneXposths ARRAINALUSyOSEGIEPRYe as a
part - 20 JP9-2001-0348 of them Specifically, there is an advantage

t hat t hel Bxposiur easafmintd ons flief @dls3hapes be aldd utsed twhbi bi dirds Rrr@duct i on

| ine of sem conductor devices by providing the exposure apparatus or the

st epper VeRY¥eIRTHRS Pl dW)intcdinatfontanyd <t e odxpbs edgecpodt t oons than t he
phot oresi st based on the profile errors of the patterns, which were

det ect ed® F@KeCT mp&et 1O RegppsPat U 6AIEE§ONT 2 FELEREPNSREP PEtYESSi bl e t O
detect characteristics such_a e-synchroni zation (error) between the wafer
and t he tp‘e ir€|f366§%883%"5@%9n he ee%éSgh?%Q’a%’b&Pgtlﬁs"%F?‘Fhﬁe%Jt%fpﬁ feuhi | e
bei Ng SGRAIVIEG 2aPa AL Of AEHSnbI ALK it RETLALABAES, QM bOry Phed, bexe! [N
mechani sm and distortion of a lens. Finally, description is given again
regar di ng> 8heasih IMEH €11 Bei hAISREChheNe ATPES Akys 85 Wdeopt £SGM ukAKgNti on
can be effectively used. As described earlier and showmn in Fig. 3, "in the

i nspect iomuapgar at us. of Cbheeguesely, | hvenbsorfouhhie qutofiHsr es1Dr thdef ecti ve
formation) of the resist pattern 12 due to defocus is inspected by

i |1 um natsfigates ddgétofremeheegest spardaanhazingt nehedtdidamianglieng | i ght
Li and receiving the reflected |ight Lr by the use of the CCD of the canera
P. Ther et'dre," hEaPae gih 30nkor Ht 9598 E e 2 d§é LaFEachfande s Bstyeepat t ern

12 is, t rect reflected Light. Lr n be cejved by the of the
caner a F}hﬁfﬁs?istﬁ%gf%%%gc tﬁoﬁeggﬁgFartoug: Oqéghgblzilel‘]‘ql&%til\?& ?%88. As
shown i K n i fide Of i 4 4minat kpg,,L | ' ' to the
top surfé%%gﬁgﬂgg %ﬁg z%gﬁgﬂiggfte?%égéé%%mggﬁoﬁgdwéigg&gh%ngkﬁégg of the

i 'l um nathengl 1glght sbiresi shedldocbheredge 1i3ht 1114R9n2004n034§148 is
denoted by b, the ratio A of the illumnating |light Li emtted to the edge
18 i s exymtessad 1By anbe7b chhale ngregudei photddbidandy) s 1@0cbvgr Beshows a
graph of a relationship between the pitch of the resist pattern 12 (the sum
of a patitieht weaehving aaopasteetvean ébaald 7aedriee sy shen ettemhpting
illTumnating light Li emitted to the edge 18. As shown in Fig. 13, the

rati o of*® A CFEJ%SOF‘P@ 79 RATRS LAGRE HER™ (Ghe sesiigticatige PREtaqaadofnen t he
pitch is.hetween 0.8 pm (pattern width/pattern interval .= 0. 40 upm 0. 40
~zm and’ .6Su%??%attgpn ,qllﬁlﬁ%f %ﬁnéﬁﬁtéﬁ&ﬁwlgaﬁ?ﬁﬁ &ﬁﬂ8F3£ﬂ~_Lﬁ)_ The

i nspecti at us r nt, i i eff jve used
for the I%r?é%%???otrﬁgo?gghg&?ée%ecse? sgzut%t te)rfnml{gn%}lé%ndé%%%trcﬁ ??%gr % an 0.6
pm Hommwéh,t}@@w@ﬂmg1wihaeibﬁ%tn(?q@®ms@@g%ey& SMYEIE OF ShesLige the
reflected light Lr can be confirned, when thé inspection is for the resist
patternth2 wiltmandeih® 105h20% as pOFRdfed e 4 bl vatpadh RS WairgBtthdé em tted
to the edge 18, the inspection apparatus 10 can be used. This is because

t he ratisobsfrohe #dgehd8 tihe flhghenilheniresiioh payleris U2 dsgreesesased as
the resist pattern 12 becones finer, and the edge 18 is in a mrror-like.
state when the resist pattern 12 is viewed fromthe |ight source S
Therefore, if there is defective formation of the resist pattern 12 due to
defocus, only the defectively formed,gortions (the resist patterns 12b
shown by di agonally shaded portions in the drawi ng) have different angles

of the reflected light Lr, and thereby the normal portion and the - 22



JP9- 2001- 0348 defocused portion can be distinguished. This is because there
is difference in the anount of |ight received by the photodetector
positioned at a predeterm ned angle. The enbodi ment of the present

i nvention has been descri bed. However, the present invention is not limted
to the above nentioned enbodi nent. For exanple, by enabling the positions
of the light source S and the canera P to be changed wit hi @PP12601-0348

af orenenti oned range, the reflected light Lr fromthe edge 18 of the resist
pattern 12 can be received, and, in addition, diffracted |ight may be
received by using the resist pattern 12 as diffraction grating dependi ng on
the positions of the light source S and the canera P. In this case, in
order to receive the diffracted |light, the nounting stage 16 i s constructed
to be abll@%Ls| ahbehef e alhiet Fafle kil & 1g8itnkr £anned baszqarg wacbbgh t he
center of the , nounting stage 16 as an axis. By constructing as above, the
inspecti(ﬁ?QaﬁﬁﬁFQFﬁ§?cﬁﬁFi e the foregoing i nspection apparatus and the
conventional i ect i ratys, .can_surely carry out the inspection even
in the case whgflg h%?%d%geocgtoprl ars P??Sbffopratetxépﬁlé/i’d? h& 61 & %eeﬁégiqst
pattern 12cchioraovefe dofigidaf acpssd BATLIaNfa0.BEs 5uh g drilaRect 8oy
appropriately using the inspection apparatus 10 of the present invention
and the cerueriteanak ghBspecid i wppayatie otdligidhwlidddached [hggt,
depending on the ratio of the illumnating light Li emtted to the edge 18.
When t herdatias atshdephiitali 1 ytef . pambgenpwodé hisind dheheedimsigepabter ns12, the
i nspection is surely carried - 23 JP9-2001- 0348 out by using the

i nspect i smrgpear pevtowied e Pesehthendemiwredpdrt hencorfeentkemale,

i nspection appar at us.

with image processing, a portion where the image data suddenly
changes due to the amount of the reflected light from the edge
is detected as a difference in brightness (lightness), thus the
normal portion and the defocused portion is distinguished. When
the camera P is used, it is feasible to automate the inspection
apparatus 10 as described later. Further, the human eye may be
used instead of the camera P. In this case, the reflected'light
Lr is viewed to distinguish the normal portion and the defocused
portion by the difference in the reflected light Lr.

As mentioned earlier, the camera P is generally located at
a position above tﬁe top surface of the resist pattern 12 within
a range of 15 to 75 degrees with reference thereto. Further, when
the reflected light Lr can be received even at the angle within
a range of 15 to 75 degrees, the camera Pmay be located at a position'
within the range. However, as shown in Fig. 6, the camera P cannot
identify the reflected light Lr if the light source S and the camera

P are located on the same line with the illuminating light Li.

Hence, the angle positions of the light source S and the camera

- 14 -



Al t hough LEDs are used for the light source S, the light source S may have
a'construction including a halogen lanp and filters instead of LEDs. Light
including a wavel ength between first and second wavel engths is taken out
fromthe light of the halogen lanp by a filter which cuts off light with
the first wavel ength (short wavel ength) or shorter and the filter which
cuts off light with the second wavel ength (| ong wavel engt hyP&R2001003548r . The
first and second wavel engths are those which conformto conditions of the
aforenmentioned LEDs. A filter which passes only light including the

wavel engt hs between the first and second wavel engths can be used instead of
the two filters. Apart fromthe above, the present invention can be carried
out in a node to which various inprovenents, alterations and nodifications
are added Basedeanirhd kpo dtRjeeDRvEN0SECBKER PR TR hEUAr Lhei AlghE scope

not departing fromthe gist of t he present invention. According to the
present iSAHERS 6nand ProlcRrErar F G g 6@9Péf?%n§° bre éoﬁé{;?‘ér‘?{‘ &% R§™8 cross

t th t d be_ det I h
eour a0y R BB G B SERESnt BSGRE FRVGR I TR ek ce%?'na%@snéégg' ’

def ocus WS OSCULS) ST 09 SXROSLECOln &0 B8l ShoPlLent can 682t y

det ect ed.” "Accor di hg rese I hvent on, 0 eaS|Iy

detect the 96e§§r5§;ﬂesag§%ﬂcﬁepéléhcg obi {16 to%ﬂsurfﬁgé c?ileleo§é§1§Er or
(deviation) of a fine resist pattern having a pattern width of about 0.1

m cromet 4at@le ryimabl ean 34T ®oidehediobybeheel enierhar ity aigpmvent hnaal
method utilizing diffracted light. - 25 JP9- 2001 0348 CZ, Al M5
the reflected light Lr is changeable within an angle range of about
plus or minus 60 degrees with reference to the illuminating light
Li.
It is preferable that a distance between the light source
S and the resist pattern 12 be, for example, within a range of
300 to 600mm. This is because, if the distance between the light
source S and the resist pattern 12 is too long, illumination
intensity on the resist pattern 12 is reduced and a contrast of
the reflected light Lr is deteriorated. Thus, the defocus is
overlooked. On the contrary, if the distance between the light
source S and the resist pattern 12 is too short, the contrast of
the reflected light Lr is deteriorated, and the illumination
intensity on the resist pattern 12 becomes too high. Consequently,
in the case of viewing the resist pattern 12 with a human eye,
the eye gets tired easily and an illuminated area on the resist
pattern 12 with the illuminating light Li becomes small.
It is also preferable that the distance between the resist

pattern 12 and the camera (or the eye) P be, for example, within

the range of 300 to 600mm. This is because, if the camera P is
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1. A pattern profile inspection apparatus for detecting a profile error of,
at | east one pattern having a cross section with a projection and a recess,
the inspection apparatus conprising: a plate on which the pattern is
mount ed; a |ight source which can change an angle of illumnating light to
the pattern within a range of 15 to 75 degrees with reference to a top
surface of the pattern; and a photodetector which can recedR®200afd3d&t ed
light fromthe pattern at an angle within a range of 15 to 75 degrees with
reference to the top surface of the pattern, wherein the profile error of
the pattern is detected based on an anmount of the reflected Iight which is
recei ved by the photodetector, froman edge between the top surface and a
side surface of each of the patterns. 2 . The pattern profile inspection
appar at usCacdesdi Hy the-¥ewi 7h Patiwmer di2n, a fhelgraf Viewdaanmestné eopat t er n
i ncl udi n% ‘%hgjefgg’? is smal | when the anount of the reflected |ight received
o

by the p OFAMEIRAF gbS TR TN TFAR Tmteediyt PRETBEBft¥e ©M§ or of

th tt i_ncl udi th d iS.l wh h t of th flected

[ght i sCERRHTSE 357 AMs edrireer A En P nkpest | 1 SpHEARIG for detecting a

profil e error gl 3aakighy DAYIFoALORS, SECH QWD Aptal eglign. and a
pparat us coﬂ‘prl sing: a plat Wi Ch

t
recess, the inspection appara e on ]ﬁe pattern

is mount@gé> ap | h Oty S QUGS WRi6RnCBRe ChIANEE rdhangle® Qhnbk! unmad ing - 26
JP9-2001-0348 light to the pattern wthin a range of 15 to 75 degrees with

ref er encetPude | ofhes Wnlgaee o@f thberpatdidd 1anthtarnphet eHet ecs Aenadhich can
receive reflected light fromthe pattern at an angle wthin a range of 15

to 75 degheesl wniinatefrey dightt 6it he topssantf.ac@hetefbeepatherpresdrar ei n an
illumnation angle fromthe |ight source is decided to be al npst
per pendi Euyertien Menelgeubbl ivath ficean optsamatdce inAngeat spdearnafadess of the
pattern'using the CCD whose demand is expected in the future.
Fig. 7 is a view showing an automatic inspection apparatus

using the CCD of the embodiment of the present invention. In Fig.

7, the substrate (wafer) 32 having patterns to be measured is

mounted on the circular stage (work) 30. The stage 30 is rotated

or moved horizontally or verticallybya linear motor 34 controlled

by a controller 36. As shown in Fig. 8, the stage 30 is rotated

by 90 degrees in a circumferential direction so that the inspection

can be carried out from a different direction. This is because,

when the resist pattern 12 is orientated in X and Y directions

and light is emitted frompoint A as shown in Fig. 9, the inspection

of the resist pattern 12 orientated in the Y direction can Dbe

carried out by the aforementioned method, whereas the inspection

of the resist pattern 12 orientated in the X direction needs to

be carried out from a plurality of directions since the emitted

light is not reflected toward the direction of point A.

Used as the light source are lights 40, 42 and 44 for three

_16_



9. The pattern profile inspection apparatus according to claim3, further
conprising at |least one or nore |ight sources having illum nation angles
different fromsaid illumnation angle. 5. The pattern profile inspection
apparatus according to claim3, wherein the |light source includes a uniform
surface emtting light source. 6. The pattern profile inspection apparatus
according to claim3, wherein the Iight source has an obl odB9-2b@pes4such
~that the illumnating Iight has directivity. 7. The pattern profile

i nspection apparatus according to claim3, wherein a light receiving angle
of the photodetector is decided such that a ratio of . the reflected |ight
fromthe edge of the pattern out of said reflected light is maxinmum 8. The
pattern profile inspection apparatus according to claim3, wherein the

li ght reddidfitngeamyiPe B andeyr é@)speptﬂﬁelbhdwgve@eéf@rents iddemdadtionneet a
rel ati onship expressed by an equatjon of a=180-b-2¢c, where b denotes the
il unina@ﬁ@ﬁeéngl ¢ RSN gﬁ FBEeFRPRRCEHV] Ne s Sanf Reechrngnd

- 27 JP9-2001-0348. ¢ d i.nclinati d ,
Of ¢ he. eddd™h ChPFERRFEHEE 1 o (pPUné TREC | L6 pHISA G FBRERBLLER Sirt ace

of the p%tkﬁﬁ&mogie¥hﬁ89atgﬁénagéggglSFLgﬁgegg%?gcgpggrf%&g&%cggagﬂng to

claim 3, wherein the photodetect I nc es a Nné sensor? p%ttern

profil e ichepgehi AItROPH 2bH e aC£ABALAN S Qe rRIdY Ri t M &I td2et o the
phot odet ect or includes a canmera. 11. The pattern profile inspection

appar at usogcear daag dO thlkapat Bermveer €ha Wdiek patbeent haie lwdes anphos or esi st
pattern provided on a substrate. 12. The pattern profile inspection

appar at ug igbter d$ g tt bo dlhaiem 8or faufthehe cdmprricsiengnti o g epdocessicng neans
whi ch receives an output signal of the photodetector and produces inmage

i nf or mat S6ASE6LVesPporithth§hecdele diuncanfbe Heasdbilecv&ih latgheashiate i s
recei ved t he photodetector: drive peans which changes positions of the

b . . .
li ght so&ﬁé@taﬁa PRES phéttodERaEt BRE i A dritfer! 19 tehdRgBOPhEL Bl et @f0q he
1 02 ageblbt, 804 bpe N of SR YLIgBdle O Lhe el ggted ot

and novi ng ans ich m e pla I 0

of the patterp idddmigatesd wd)hikheoddddinpati agsia@m% withdn é‘ngr;&eern

profile inSpection apparatus for detecting defective formtion a thick
pattern barasdtonsa dasddsHt ehet DeghhsPects 0N ApRREALHSa E0ABdSitbn @ pl ate

on which the pattern is nounted,
within a range of 16 to 18 degrees, and the light B (42) is located
to be approximately coaxial with a CCD line sensor. The
brightness of the light beams is adjusted by a power source 50
for lighting.

Similar to the lights, the position of a CCD line sensor
camera 52 can be changed along the predetermined arc by the motor
46 which is controlled by the controller 48. The light receiving
angle of the camera 52 can be changed within a range of 15 to 75
degrees with reference to the top surface of the pattern on the
work. A camera 54 for monitoring is attached to the camera 52.
The outputs from the controllers 36 and 48 of the motor, the power

source 50 for lighting and the cameras 50 and 52 are connected

to an inspection personal computer (PC) 56. The inspection PC
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a light source which can change an angle of illumnating light to the
pattern within a range of 15 to 75 degrees with - 28 JP9-2001- 0348
reference to a top surface of the pattern; and a phot odetector which can
receive reflected light fromthe pattern at an angle within a range of 15
to 75 degrees with reference to the top surface of the pattern, wherein an
illumnation angle fromthe |ight source is decided such t3@b-2801-88480 oOf
illumnating light emtted to an edge between the top surface and a side
surface of the pattern out of the illumnating light is 500 or nore. 14. An
exposure apparatus whi ch exposes a photoresi st provided on a substrate,
conprising a pattern profile inspection apparatus for detecting a profile
error of at |east one pattern of the photoresist having a cross section
with a.pwi%eﬁﬂq§ﬁ9%§n§a§hré€é§§ﬁ tRELradpeEsi endapar Reweri sohudendgora pl ate
on whi ch t; ttern is nmounted; a |light, source which can change an angle
of ill uml?%%?‘itﬁggri B‘?ﬁe‘?o‘”‘[ ﬁepﬁﬁ??%%w%%ﬁﬁtamﬁéhgéﬂ%ﬁS%Lrtgopr@gaegr- ees

wth refey e . ur.face.of the paitern. _a a phot odet ect or whi ch
can rece?@ggﬁéfﬁgggg%%ﬁféhgr Po%thénﬁggfé?ﬂnaFCaﬁgan@BelmﬁgﬁiHlﬁkﬁﬁnge of
15 to 75 geqraesswithn,r ance t;0 rf.ace of the pattern, wherein
a profilé@%rror Sybt%% §%§%€§¥§ﬁig 5%?%E%§§S%g§ég'%ﬁ?%ﬂ]%&ﬁogﬁghBF the
reflect edihkeghlensbi-Claing regceisvadnby L pe) phot pdete r n_edge
bet ween the top surface and asside sﬂrfaég o% tﬁg gggérggg?%e&ggﬁt%?ns.
A patternngpetilieni nspgeti on net hod which detects a profile error of at

| east one pattern having a cross section with a - 29
The image pickup optical system (positional relationship

15.

betweenthelightsandthelinesensorcamera)andtheanglesshown
in Fig. 7 are set as follows. Specifically, they are set so as
to exclude unnecessary scattered light and diffracted light and
todetectsubtleshapechangesoftheresistwithgoodsensitivity.
Here, the most important point in designing the system is that
the diffracted light from the inspected wafer does not return to
an angle at which the line sensor camera 52 is placed, and only
the reflected 1light from the resist edge portion is taken out with
a good contrast. Accordingly, the diffracted light generated
from the pattern on the wafer used as diffraction grating was
calculated using a reflection grating model, and a positional
relationship was set so that the diffracted light did not return
to the angle at which the CCD line sensor exists when a dedicated
reticle was used. It shouldbe noted that an optimal pickup angle
may be changed depending on the resist shape in setting the
positional relationship.

Fig. 10 shows a control flow (automatic measurement flow)

by the use of the inspection PC 56 of Fig. 7. Three lights are
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JP9- 2001- 0348 projection and a recess, the method conprising the steps of:
(a) illuminating a top surface of the pattern with light slanting with
reference thereto; (b) receiving reflected light which is reflected by an
edge between the top surface and a side surface of the patterns and (c)
detecting the profile error of the pattern based on an anount of the
received reflected light which is reflected by the edge. 1§p9-Bbel-gpast ern
profile inspection nmethod according to claim 15, wherein the step of (c)
detecting the profile error includes a step of determning that the profile
error of the pattern including the edge is small when the anount of the
reflected light is large, and, on the contrary, the profile error of the
pattern including the edge is |large when the amount of the reflected |ight
is small.turnedrhe psiterol ) pr dfli¢ eamespeb? i mrcaiBtelsothacosl i aiged dighai m 16,
further conprising the step of (d) mapping the profile error in the entire
pattern dFaMmbe Ha{ftermad? ShepaErr 68 {eeridéct b cppéiirkecand pitbineach of
the patterns. 1§. The fattern profile inspection nmethod according to claim
$t Ep°B

15, wher dillf e VER) T IUHHPIAL FRE™t RRS t SN P @D6K thReVphEEer n
00! e usha ol A U Bl 3 5 A R R P LY. - 0
A A9 AG ARV AT VAL AMnd g AP Alva i Cor PsHONTs £25e s &M Bl 1 U
of the reflected light. The angle of the camera is changed by
controlling motor 46 (step 66). Steps 62 to 66 are repeated and
the image data (digital value) captured at each angle is stored
in the memory. Based on the digital'values obtained, the PC 56
decides an angle of the camera 52 at which the detection
sensitivity (density (intensity) of the image) is maximum (step
68). The camera .52 is fixed at the decided angle.

Measurement positions on the wafér are set by controlling
the motor 34 (step 70). After the wafer is moved to the first
measurement position, measurement is carried out similar to the
steps 62 and 64, and image data is stored in the memory (step 72).

The steps 70 and 72 are repeated, and the measurement is
sequentially carriedout while scanning the measurement positions
on the wafer. At this time, since the camera 52 is a line sensor
camera, the measurement is carried out while moving the wafer by
each line at predetermined intervals. The measurement 1is
conducted until all measurement points (lines) are completely
measured. Using measurement data, the PC performs mapping of the
image data at each position on the wafer as a two dimensional image

(step 76). The presence or absence of the profile error
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pattern with a line width of 0.3 micrometers. Approximate
quadrangle and dark (dense) portions of the image in Fig. 11 show
where the profile errors (roll offs at the edge of the patterns)
exist. The profile efrors were generated due to
de-synchronization (errors) while scanning was performed by the
stepper which exposed the resist pattern. Since the stepper used
synchronizes by each reticle having 3 X 4 chips, i.e. 12 chips,
the profile errors are generated per area of one reticle. These
profile errors are inevitably generated due to synchronization
accuracy of the stepper while scanning. In the tests conducted
by the inventors, almost none of the profile errors that are
inevitably generated could be measured with the conventional
method utilizing diffraction. However, with the apparatus of the
embodiment of the present invention in Fig. 7, the profile errors
can be detected as a clear image as shown in Fig. 11.
With the inspection apparatus of Fig. 7, exposure conditions
for the photoresist can be adjusted based on the detected profile

errors of the patterns. Therefore, the inspection apparatus can

be incorporated into an exposure apparatus or stepper as a part
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of them. Specifically, there is an advantage that the exposure
conditions (defocus) can be adjusted within a production line of
semiconductor devices by providing the exposure apparatus or the
stepper with mean.s (flow) for adjusting the exposure conditions
for the photoresist based on the profile errors of the patterns,
which were detected by the inspection apparatus of Fig. 7.
Further, it is possible to detect characteristics such as
de~synchronization (error) between the wafer and the reticle
possessed by the exposure apparatus or the stepper while being
scanned, an autofocus tracking performance, an error of a leveling
mechanismanddistortion of a lens. Finally, description is given
again regarding a case where the inspection apparatus of the
present invention can be effectively used. As described earlier
and shown in Fig. 3, in the inspection apparatus of the present
invention, the profile error (defective formation) of the resist
pattern 12 due to defocus is inspected by illuminating the edge
of the resist pattern 12 with the illuminating light Li and
receiving the reflected light Lr by the use of the CCD of the camera
P. Therefore, the larger the ratio of the edge area of the resist
pattern 12 is, the more the reflected light Lr can be received
by the CCD of the camera P. Thus, tf.he inspection apparatus 10
can be effectively used.

As shown in Fig. 12, when a width of the illuminating light
Li emitted to the top surface 20 of the resist pattern 12 is denoted

by a and a width of the illuminating light Li emitted to the edge
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18 is denoted by b, the ratioAof the illuminating light Li emitted
to the edge 18 is expressed by the following egquation.
A=b/(a+b) x 100
Fig. 13 shows a graph of a relationship between the pitch
‘of the resist pattern 12 (the sum of a pattern width and a pattern
interval) and the ratio of the illuminating light Li emitted to
the edge 18. As shown in Fig. 13, the ratio of the forgoing
illuminating light Li is suddenly increased when the pitch is
between 0.8 um (pattern width/pattern interval = 0.40 um/0.40 um)
and 0.6 pm (pattern width/pattern interval = 0.29 pm/0.31 um).
The inspection apparatus 10 of the present invention can be
effectively used for the inspection of the resist pattern 12 having
a pitch finer than 0.6 um. However, according to the test
conducted by the inventors, since the reflected light Lr can be
confirmed, when the inspection is for the resist pattern 12 with
‘a ratio of 50% or more of the illuminating light Li emitted to
the édge 18, the inspection apparatus 10 can be used. This is
because the ratio of the edge 18 in the entire resist pattern 12
is increased as the resist pattern 12 becomes finer, and the edge
18 is in a mirror-like state when the resist pattern 12 is viewed
from the light source S. Therefore, if there is defective
formation of the resist patternh 12 due to defocus, only the
defectively formed portions (the resist patterns 12b shown by

diagonally shaded portions in the drawing) have different angles

of the reflected light Lr, and thereby the normal portion and the
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defocused portion can be distinguished. This is because there
is difference in the amount of light received by the photodetector
positioned at a predetermined angle.

The embodiment of the present invention has been described.
However, the present invention is not limited to the above
mentioned embodiment. For example, by enabling the positions of
the light source S and the camera P to be changed within the
aforementioned range, the reflected light Lr from the edge 18 of
theresistpattemu12canbereceived,and,inaddition,difffacted
light may be received by using the resist pattern .12 as diffraction
grating depending on the positions of the light source S and the
camera P. In this case, in order to receive the diffracted light,
the mounting stage 16 is constructed to be able to slant at an
arbitrary angle using a line passing though the center of the
mounting stage 16 as an axis. By constructing as above, the
inspection apparatus, unlike the foregoing inspection apparatus
and the conventional inspection apparatus, can surely carry out
the inspection even in the case where there is a plurality of
pattern widths of the resist pattern 12.

Moreover, the defocused portion can. be surely inspected by
appropriately using the inspection apparatus 10 of the present
invention and the conventional inspection apparatus utilizing
diffracted light, depending on the ratio of the illuminating light
Li emitted to the edge 18. When there is the plurality of pattern

widths of the resist pattern 12, the inspection is surely carried
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out by using the inspection apparatus of the present invention
and the conventional inspection apparatus.

Although LEDs are used for the light source S, the light
source S may have a construction including a halogen lamp and
filters instead of LEDs. Light including a wavelength between
first and second wavelengths is taken out from the light of the
halogen lamp by a filter which cuts off light with the first
wavelength (short wavelength) or shorter and the filter which cuts
off light with the second wavelength (long wavelength) or longer.
The first and second wavelengths are those which conform to
conditions of the aforementioned LEDs. A filter which passesonly
light including the wavelengths between the first and second
wavelengths can be used instead of the two filters.

Apart from the above, the present invention can be carried
out in a mode to which various improvements, alterations and
modifications are added based on the knowledge of those skilled
in the art, in the scope not departing from the gist of the present
invention.

According to the present invention, a profile error
(deviation) of a pattern having a cross section with projections
and recesses can be detected easily with high accuracy.
According to the present invention, presence or absence of a
defocus which occurs during exposure of a resist péttern can be
easily detected. According to the present invention, it 1is

possible to easily detect the presence or absence of a profile
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error (deviation) of a fine resist pattern having a pattern width
of about 0.1 micrometer or smaller, which could not be detected

with a conventional method utilizing diffracted light.
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CLAIMS:

1. A pattern profile inspection apparatus for detecting a
profile error of at least one pattern having a cross section with
a projection and a recess, the inspection apparatus comprising:

a plate on which the pattern is mounted;

a light source which can éhange an angle of illuminating
light to the pattern within a range of 15 to 75 degrees with
reference to a top surface of the pattern; and

a photodetector which can receive reflected light from the
pattern at an angle within a range of 15 to 75 degrees with
reference to the top surface of the pattern,

wherein the profile error of the pattern is detected based
on an amount of the reflected light which is received by the
photodetector, from an edge between the top surface and a side
surface of each of the patterns.

2. Thepatternprofileinspectionapparatusaccording1x$claim
1, wherein, the profile error of the pattern including the edge
is small when the amount of the reflected light received by the
photodetector is large, and, on the contrary, the profile error
of the pattern including the edge is large when the amount of
the reflected light is small.

3. A pattern profile inspection apparatus for detecting a
profile error of a pattern having a cross sectionwith a projection
and a recess, the inspection apparatus comprising:

a plate on which the pattern is mounted;

a light source which can change an angle of illuminating

_26_



'l "10%& ()- 10: 10:

10: 9<&10% & ()-'Q 10%: & ()-,!i!110%: & ()-,'10% & ()-,W}}}}}}}~- @
1YY" 109 ()-*' 10%& ()-3 10z 10z

102<109%& ()-!Cl 10%z& ()-,!10%& ()-,}z~~uj _@!'!" y109% ()- 10 10

10" &<&10%& () - OF! 109%&' ()-Z% > 1 109%&' ()- ! 10%& ()- @E @

111 S&10%&: ()- @ S&L0%&' () - @O% ()- mLO%' ()- !10% ()- ! 3P§Bodas4eC
113"910% & ()-*10% & ()- 10 10

light to the pattern within a range of 15 to 75 degrees with
reference to a top surface of the pattern; and

a photodetector which can receive reflected light from the
pattern at an angle within a range of 15 to 75 degrees with
reference to the top surface of the pattern,

wherein an illuminatién angle from the light source is
decided to be almost perpendicular to an edge between the top
surface and a side surface of the pattern.
1, The patternprofile inspection apparatus according to claim
3, further comprising at least one or more light sources having
illumination angles different from said illumination angle.
5. The patternprofile inspection apparatus according to claim
3, wherein the light source includes a uniform surface emitting
light source.
6. The patternprofile inspection apparatus according to claim
3, wherein the light source has an oblong shape such that the
illuminating light has directivity.
7. The patternprofile inspection apparatus according to claim
3, wherein a light receiving angle of the photodetector is decided
such that a ratio of the reflected light from the edge of the
pattern out of said reflected light is maximum.
8. The patternprofile inspection apparatus according to claim
3, wherein the 1light receiving angle a (degree) of the
photodetector is decided to meet a relationship expressed by an
equation of a=180-b-2c, where b denotes the illumination angle

(degree) with reference to the top surface of the pattern and
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9. The patternprofile inspection apparatus according to claim
3, wherein the photodetector includes a line sensor.
10. The patternprofile inspection apparatus according toclaim
3, wherein the photodetéctor includes a CCD camera.
11. The patternprofile inspection apparatus according toclaim
3, wherein the pattern includes a photoresist pattern provided
on a substrate.
12. The patternprofile inspection apparatus according toclaim
3, further comprising:
image processing means which receives an output signal of
the photodetector and produces image information corresponding
to an amount of the reflected light which is received by the
photodetector;
drive means which changes positions of the light source and
the photodetector in order to change the angle of the illuminating
light and the light receiving angle of the reflected light; and
moving means which makes the plate move in order to change
aposition of the patternilluminatedwith the illuminating light.
13. A pattern profile inspection apparatus for detecting
defective formation of a thick pattern formed on a substrate,
the inspection apparatus comprising:
a plate on which the pattern is mounted;

a light source which can change an angle of illuminating

light to the pattern within a range of 15 to 75 degrees with
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a photodetector which can receive reflected light from the

pattern at an angle within a range of 15 to 75 degrees with

reference to the top surface of the pattern,

wherein an illumination angle from the light source 1is

decided such that a ratio of illuminating light emitted to an

edge between the top surface and a side surface of the pattern

out of the illuminating light is 50% or more.

14.

An exposure apparatus which exposes a photoresist provided

on a substrate, comprising a pattern profile inspection apparatus

for detecting a profile error of at least one pattern of the

photoresist having a cross sectionwith a projection and a recess,

the inspection apparatus including:

a plate on which the pattern is mounted;

a light source which can change an angle of illuminating

light to the pattern within a range of 15 to 75 degrees with

reference to a top surface of the pattern; and

a photodetector which can receive reflected light from the

pattern at an angle within a range of 15 to 75 degrees with

reference to the top surface of the pattern,

wherein a profile error of the pattern is detected based

on an amount of the reflected light which is received by the

photodetector and from an edge between the top surface and a side

surface of the each of the patterns.

15.

A pattern profile inspection method which detects a profile

error of at least one pattern having a cross section with a
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projection and a recesé, the method comprising the steps of:
| (a) illuminating a top surface of the pattern with light
slanting with reference thereto;
(b) receiving reflected light which is reflected by an edge
between the top surface and a side surface of the pattern; and
(c) detecting the profile error of the pattern based on an
amount of the received reflected light which is reflected by the
edge.
16. The pattern profile inspection method according to claim
15, wherein the step of (c) detecting the profile error includes
a step of determining that the profile error of the pattern
including the edge is small when the amount of the reflected light
is large, and, on the contrary, the profile error of the pattern
including the edge is large when the amount of the reflected light
is small.
17. The pattern profile inspection method according to claim
16, further comprising the step of (d) mappiﬂg the profile error
in the entire pattern as image information based on the detected
profile error of each of the patterns.
18. The pattern profile inspection method according to claim
15, wherein the step of (a) illuminating the top surface of the
pattern includes a step of emitting light to the edge almost

perpendicularly.
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