26 SEPTEMBER 2006 THI N-FI LM | NSPECTI ON METHOD AND DEVI CE BACKGROUND COF THE
I NVENTION 5 Field of the Invention The present inventi2$SEPFEMBER 20¢ a

met hod and a device for inspecting thin filns which are widely enployed in
a sem conductor manufacturing process, and nore particularly to a nethod
and a device for inspecting thin filns wherein the 10 surfaces of the thin
films are inspected using an optical interference phenonenon, thereby

al I owi ng the iﬁ§§§£$&%& gh?ﬁﬁéf%%ﬁiﬂﬁ%gﬁb the kipdef film Description of

the Related Ar hi n- m i1 nspection Is very i1nportant in manufacturing
products such as LCD and PDP that use sem conductor processing nmainly
conposed of processes of deposition, exposure, and etching. In the case of

TFT LCD, thin fj] i i e s than 1000A are piled up to forma
pattern. 20 Pré%%ﬁ%%&%%@bh?e%gﬁdﬁiﬁﬁppggilexcess of the pattern or

contam nation by foreign substances have a serious influence on the
resulting product. Accordingly, it is necessary to inspect the thin film
for formng the pattern. As sen conductor processing nethods have

devél oped, var i 22 mEbRod8vVeRtidispecti on have been proposed. Mst of the

1 26 SEPTEMBER 2006 inspection methods can be classified into several types
as The present invention relates to a method and a device

for inspecting thin films which are widely employed in a
semiconductor manufacturing process, and more particularly to
a method and a device for inspecting thin films wherein the
10 surfaces of the thin films are inspected using an optical
interference phenomenon, thereby allowing the inspection

irrespective of the kind of film.

Description of the Related Art
15 Thin-film inspection 1is very important in manufacturing
products such as LCD and PDP that use semiconductor processing
mainly composed of processes of deposition, exposure, and
etching. In the case of TFT LCD, thin films with thicknesses
less than 1000A are piled up to form a pattern.
20 Presence/absence and shortage/excess of the pattern or

contamination by foreign substances have a serious influence

on the resulting product. Accordingly, 1t 1is necessary to
inspect the thin film for forming the pattern. As
semiconductor processing methods have developed, various
25 methods of inspection have Dbeen proposed. Most of the



foll ows. Anong them the nost general nmethod is an inspection nethod that
uses an optical systemincluding a CCD 11 and an 5 il | b¢SEEiEdiBERS208¢ ShOWN
in Fig. 1. In this nmethod, light fromthe illumnator 12 is uniformy
illumnated fromvarious incident angles to an inspection target 10, and
thereby images of the inspection target are obtained, not depending on the
change of the thickness of the inspection target, a scratch or 10 a mnute
projection thereon. Generally, this nethod is used to perform

t wo- di nensNBRAFt hasBEEREAE dfart heepatitesd,fiedt hetto t ReNersli doiss 2he
pattern. It is general to use a LED as a |ight source in order to provide
uni f orm afdlwpde- range of illumination. 15 However, this optical systemis
not suitable for detecting mnute defects or determ ning inspection
conditions on Ahenpattherm, oref opsperdararalg metligh- $peeth i ngpeettdon usi ng
a linear CCD because an illum nator suitable for an area CCDis used. 20 In
addi ti on, mtheoe thRa@nusaspect icptimetlheystsng ralucdaxi & ddci dendnd an
illumnation. In this nmethod, as shown in Fig. 2, a coaxial incident

i I'1wm nat on12diasebani? ngl shedn ihl eagnator 22 anésfinseHodl apphopriate

di sposition-angles to illumnate light to the surface of an inspection
target 20rg8 2bhi@sidfobtain ar i gpgeotheyeof1 M rat@ed 23om various

--------- i%éiéent angles to an inspection target 10, and thereby images
of the inspection target are obtained, not depending on the
change of the thickness of the inspection target, a scratch or

10 a minute projection thereon. Generally, this method is used
to perform two-dimensional measurement of the pattern, rather
than to inspect the pattern. It 1is general to use a LED as a
light source 1in order to provide uniform and wide range of
illumination.

15 However, this optical system 1s not suitable for
detecting minute defects or determining inspection conditions
on the pattern, or for performing a high-speed inspection
using a linear CCD because an illuminator suitable for an area
CCD is used.

20 In addition, there 1is an inspection method using a
coaxial 1incident illumination. In this method, as shown in
Fig. 2, a coaxial incident illuminator 21 and an inclined
illuminator 22 are fixed at appropriate disposition-angles to
illuminate light to the surface of an inspection target 20 so

25 as to obtain an image thereof via a CCD 23.



26 SEPTEMBER 2006 When this nmethod is used, optinmal inspection conditions

cl osely depend on the characteristics of the thin-fil m26SEPTEMBERROI6 it i S
very difficult to adjust these conditions. The only adjustable

i nspection-condition is the brightness of 5 the coaxial and inclined
illumnators. Therefore, when there are different kinds of patterns, or the
characteristics of the pattern are changed, the optinmal inspection
condition cannot be obtained. In addition, even in the same process, it is
necessary to adfRft § %%%e%???ﬁgcbﬁdPF?%nsOPElm%%pbﬂ%@e?Blﬁ@ 8??@%?%9&5
process conditions. This inspection method cannot neet such needs. Further,
Or bot ech ‘ébos%lrﬁbpd%%be%i t P f FRPh | ABPERE TR S esthodPk hatPeiseSh B~ bt cs
technol ogy called "Ellipsonetry”. This nmethod was disclosed in United

St ates PapehteNunbeit 15 5S338rp59ifAncikspeet penugevikesasedndht t¢is met hod
includes a polarizer 31, a retardation plate 32, and an anal yzer 33. Light
emtted fFoem anly| pdpvsbeiote 35ns@e¢tr@mqugmm Zed the tihy buighnadse of

pol arizer 31 and irradiated to the surface of an inspection target 30.

El | i5pti cathy- pokarakzedndli ghtlistdeciédmi2dtdrom tTeereSpest i wren atlgete 30 i s
| i nearly pol arized again through the analyzer 32. Thereafter, the

| i near | y- ppt adi z8srerdt ghindss dgiadertrnen arCEhesenaohcB4rnbet €byoanthdmge of

the inspection target is obtained. As a result, this nmethod has an
advant agepi frdhat atBechasgeat i heS et itaMi tyndSe I &86Hition cannot
be obtained. In addition, even in the same process, 1t 1is
necessary to adjust inspection conditions 1in response to
10 different process conditions. This inspection method cannot
meet such needs.
Further, Orbotech co. proposed a thin-film inspection
method that uses an optics technology called “Ellipsometry’”.
This method was disclosed in United States Patent Number.
15 5,333,052. An inspection device used in this method includes
a polarizer 31, a retardation plate 32, and an analyzer 33.
Light emitted from an 1lluminator 35 1s 1linearly polarized
through the polarizer 31 and irradiated to the surface of an
inspection target 30. Elliptically-polarized light reflected
20 from the inspection target 30 1s linearly polarized again
through the analyzer 32. Thereafter, the linearly-polarized
light is incident on a CCD sensor 34 whereby an image of the
inspection target 1is obtained. As a result, this method has

an advantage in that the inspection sensitivity is maximized

25 for a particular type of film, and the brightness of a thin



25 for a particular type of film and the brightness of a thin 3 26
SEPTEMBER 2006 filmcan be adjusted for enphasis of t 2 SERTEMBERROISY
changing the rotation angles of the retardation plate and anal yzer. That

is, this inspection nethod has an advantage in that because the brightness
can be adjusted by changing the 5 rotation angles of the retardation plate
32 and the anal yzer 33, inspection conditions can be changed according to
the characteristics of the film However, when there are two or nore filns
havi ng di f¥& &R0 fopsttisesd dhits SRBPREUScahnbie Heter i He BreChanrgierd i on
condition suitable for all the 10 various kinds of properties of filnms. As a
resul t, i%he isddidrodn@dRdi ofohBef BRtardpeq ikl ats mnd [emedvéespt i mi zed,

i nspection conditions for a different thin filmare degraded. Consequently,
the prior art tHia: fidmilspdasicestmenhpashofaes probderentdee in fhat
difficult to set an inspection 15 condition when there are various kinds of
thin fil nescarmt t Hdref dre dhieiessoptiamal benspdgtsoed condi t ¢lomsg ex onehe
different under a particular condition, lowering the reliability of the

i nspect i omtrasidrt .addiads i sf the peitardatiot hphatél BRI rspecthonamel yrads use

20 one illumnator, or various kinds of |ight sources at the sane tine as
needed f o0p3) nspegkichgohhecsidiftace0f chkhe dhsprehyen dadgelirdo oeettra
specific requirenent, or use an old optical instrunment such as Ellipsonetry

for the inspectiOn.stHRQWEVSr ,the film. However, when there are two or

more films having different properties, this method cannot

o

determine one inspection condition suitable for all the

10 various kinds of properties of films. As a result, 1if

inspection conditions for a specific thin film are optimized,
inspection conditions for a different thin film are degraded.

Consequently, the prior art thin-film inspection methods

have problems that 1t 1is difficult to set an inspection

15 condition when there are wvarious kinds of thin films, and

therefore their optimal inspection conditions become different

under a particular condition, lowering the reliability of the

o

inspection result.
That is, the prior art thin-film inspection methods use
20 one illuminator, or various kinds of light sources at the same
time as needed for inspecting the surface of the inspection
target to meet a specific requirement, or use an old optical
instrument such as Ellipsometry for the inspection. However,
the prior arts are very difficult to increase the relative

25 sensitivity between patterns, and do not have an appropriate



the prior arts are very difficult to increase the relative 25 sensitivity
bet ween patterns, and do not have an appropriate 4 26 28EEFTERBBER 2066

adj ust mrent met hod for heterogeneous patterns. SUMMARY OF THE | NVENTI ON 5
Therefore, the present invention has been nmade in view of the above
problens, and it is an object of the present invention to provide a nethod
and a device for inspecting a thin filmwherein two or nore |ight sources,

whi ch can control the mey | ength and intensity of light and illum nate the
lights 107 YHRFYS dEenCd Acrd ﬁFeﬁﬂ%?%%?u%rﬁﬁeﬁﬁﬁP%x) control the

interference intensity, thereby determ ning optimal inspection conditions
to obtain a reliable inspection result even when there are different kinds
of thin films. In accordance with the present invention, the above and 15

ot her objects cARMERYa&EoAPEi SNEENBLYON he provision of a thin- film
i nspection device conprising: a flat plate on which patterns having
different indices of refraction and thicknesses are formed; an illum nation
unit for illumnating light to the 20 patterns, the illum nation unit being
ablé to vary iTHamdfiratd,ontfamgbeesdént henvéeghi on anas nbedeantmadeghitn caindw ol
unit disposed between the illumnation unit and the flat plate for
control liag the ldighte poobeehsnci daat ian iHeapatdejds; of the present
invention to provide a method and a device for inspecting a
thin film wherein two or more light sources, which can control
the wavelength and intensity of light and illuminate the lights
10 with different incident angles, are used to control the
interference intensity, thereby determining optimal inspection
conditions to obtain a reliable inspection result even when
there are different kinds of thin films.
In accordance with the present invention, the above and
15 other objects can be accomplished by the provision of a thin-
film inspection device comprising:
a flat plate on which patterns having different indices
of refraction and thicknesses are formed;
an illumination wunit for illuminating 1light to the
20 patterns, the illumination unit being able to vary
illumination angle of the light;
an incident light control unit disposed between the
illumination unit and the flat plate for controlling the light

to be incident on the patterns;

25 a sensor unit for detecting a reflection light from the



25 a sensor unit for detecting a reflection light fromthe 5 26 SEPTEMBER
2006 patterns; a reflection light control unit di spos@6SEREEMBER 2086 f| at
pl ate and the sensor unit for controlling the light to be detected by the
sensor unit; and 5 a control unit for controlling novenent of the
illumnation unit and the sensor unit. BRI EF DESCRI PTI ON OF THE DRAW NGS 10
The above and ot her objects, features and other advantages of the present
invention will be nore clearly understood fromthe follow ng detailed
descriptilh-%YdKEH in conjunction with the acconpanying draw ngs, in which:

Fig. 1 is a view schematically show ng a general tical 5 system Fig. 2
is a view scherfat FEEEW%W&WWM cﬁﬂgEﬁ? oAt i‘ﬁ)f?ﬁﬁﬁ‘%ﬁi éﬁtWﬁFP figre
thin-filminspection; { Fig. 3 is a view showing a prior art optical system
usi ng an &3t gtiat@ 3¢l dhiezeenseg prgt dorscantie sHowiiry Bl dH =g item
i nspection device according to the present invention; Fig. 5is a view
i |l ustratiegetakdhindhegyensed PAltheangresent invention; Fig. 6 is a
conceptual view illustrating the key point of

5 a control unit for <controlling movement of the

illumination unit and the sensor unit.
BRIEF DESCRIPTION OF THE DRAWINGS

10 The above and other objects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

Fig. 1 is a view schematically showing a general optical

15 system;

Fig. 2 1is a view schematically showing a conventional
illumination unit for thin-film inspection;

Fig. 3 1is a view showing a prior art optical system
using an elliptical polarizer;

20 Fig. 4 is a view showing a thin-film inspection device
according to the present invention;

Fig. 5 is a view illustrating a technology used in the
present invention;
Fig. 6 1is a conceptual view illustrating the key point of

25 the technique used in the present invention.



25 the technique used in the present invention. 6 26 SEPTEMBER 2006 Fig. 7
is a conceptual viewillustrating the light traveling pageTEMBER@0GH esent

invention. Figs. 8a and 8b are graphs illustrating constructive and
destructive interferences, respectively. 5 Fig. 9 is a graph illustrating
the interference change ratio in the optical systemaccording to the
present invention; Fig. 10 is a graph illustrating the interference change

ratio under a different condition in the optical_system, 6 10 according to the
present inventiord- Filg. F1 Ps SOUrApHad | UstFat FhP S nll%t iT6R r esdft of
the opti cal sysien1accotding to the present invention; and Fig. 12 is a
graph il | b5 Yating Patei At BEe oPr e L NyRBELCR- di fferent condition in the
optical systemaccording to 15 the present invention. DESCRI PTION OF THE
PREFERRED ENVBODI MENTS3#HedRd ndip t @F¢ areribotl mahragfingheopséseativavendion i s
20 described in detail referring to the drawings. A thin-filminspection
met hod accesdivg itve tingepfesentesi measpeiconvehgl udes a step of irradiating
lights at different incident angles toward a flat plate, on which thin
films with diffegen® tisi cknessprandllunsticesiraf tlef r act & ofieaerecd ochadge usi ng
25 a plurality of independent |ight sources; a step of detecting
ratio in the optical system according to the present
invention;
Fig. 10 is a graph illustrating the interference change
ratio under a different condition in the optical system
10 according to the present invention;
Fig. 11 is a graph 1llustrating a simulation result of
the optical system according to the present invention; and
Fig. 12 is a graph 1illustrating a simulation result

under a different condition in the optical system according to

15 the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, an embodiment of the present invention 1is
20 described in detail referring to the drawings.

A thin-film inspection method according to the present
invention includes a step of irradiating lights at different
incident angles toward a flat plate, on which thin films with
different thickness and indices of refraction are formed, using

25 a plurality of independent light sources; a step of detecting



7 26 SEPTEMBER 2006 interference light reflected fromthe thin filnms using
a sensor; and a step of analyzing the detected |ight tz SHMTEMBERD06d YSi S
information, so as to deternmine the state of the thin filns. 5 In the |ight
illumnation step, it is possible to perform a real-tine control of the
irradiation angle and wavelength of the illumnated |light, and to control
the incident angle of the 1light by the horizontal novenent of the novenent
of the light source. 10 In the |ight detection step, an inmage sensitivity
of a parthearberenacerildiohganrpélesttd olfired byhsel eeth velilnfet &6indg 2t he
wavel engths of the reflected Iight obtained by controlling the Iight
source. Thansps; &hé Brrddicated enghizinghogee | detlerind akight | sodebrates from
the central axis of the light source by horizontally noving the |ight
source, isnpefbestedfdmenhittme s ats plaatdetemmavhechhehetthenofi ths ahen
formed, or is refracted to enter the filns. The refracted light is
diffracteditmastorma bright or dark band i mage corresponding to the rim of
the 20 pattern, thereby obtaining a highlighted i mage representing the

image of the substaneelidhne oOfldrtiesrebRodsep priobidigd g dike thi gllrirghhed

image utilizes the principle of bevel illumnation mcroscope. In this

met hod, in qetderiige Ctafifyl the shaper fqaaniehi @¢ly1k0 P8 wavelength of
the illuminated light, and to control the incident angle of the
light by the horizontal movement of the movement of the light
source.

10 In the light detection step, an image sensitivity of a
particular material can be controlled by selectively detecting
the wavelengths of the reflected light obtained by controlling
the light source.

That 1s, the irradiated light, whose incident axis

15 deviates from the central axis of the 1light source by
horizontally moving the light source, 1is reflected from the
flat plate on which the thin films are formed, or is refracted
to enter the films. The refracted light is diffracted to form a
bright or dark band image corresponding to the rim of the

20 pattern, thereby obtaining a highlighted image representing the
image of the substance.

One of the methods for obtaining the highlighted image
utilizes the principle of bevel illumination microscope. In

this method, in order to clarify the shape of an object to be

25 observed, light 1is irradiated to deviate slightly from the




25 observed, light is irradiated to deviate slightly fromthe 26
SEPTEMBER 2006 optical axis of the mcroscope. On the%ﬁ?n’t’é‘ﬁm‘ﬁ%‘ﬂﬂz““ﬁn t he
thin-filminspection nethod, the Iight sources and the sensor are di sposed
to face each other so as not to overlap the path of the light fromthe
light 5 sources to the flat plate with the path of the light fromthe flat
plate to the sensor. Fig. 4 is a perspective view show ng the configuration

of the thin-fi)l m.diaspection, deyvise, r%)% ccording to the present invention. 10
As shown i'n Fig. 4, the thin-filminspection device includes a flat plate

0, on whi oh patder pe PLeaad F2-pommasetc ofntALA | TRopLe. 101 Mhdend,

illum nation unit I nc 1 ng t sources t Irra |at

pr edet er mned, agglcesoh%%ed 4de pﬁét%reagogl %@,d % Pk up t'f%% ot o ghange

the 15 |rrad| atron angl e “of i nCl t con uni t

that is d| osed betwenthei atio u flat ate 60 to
control §4 git %% i“RciPyER aBn PhHePd tﬁ? g Qﬁid?ﬁﬁ %ﬂ? Y& ce
al sa |ncI udes a censor unit 90 for detecti ng light reflected fromthe
pat Per ns PALHIRE PP @20 13 I%Jc‘%treonwﬂkbh“ihecd%ﬁtrfblo%n‘ikﬁe 8t s pbsdy Bt ween
the fl at fl ate 60 and the sensor unit 90 for controlling the light that is
refl ect edf f3toralisfte fat £8ense™OBlnd P2 and is to be detected by the sensor
unit 90, and a control unit (not shown) for

Fig. 4 1s a perspective view showing the configuration of

the thin-film inspection device according to the present
invention.

10 As shown 1in Fig. 4, the thin-film inspection device
includes a flat plate 60 on which patterns Pl and P2 composed
of thin films are formed, an 1illumination unit 50 including
light sources that irradiate light at a predetermined angle
toward the patterns Pl and P2 and function to change the

15 irradiation angle of the light, and an incident light control
unit that is disposed between the illumination unit 50 and the
flat plate 60 to control the 1light to be incident on the
patterns Pl and P2. This device also includes a censor unit 90
for detecting light reflected from the patterns Pl and P2, a

20 reflection light control unit 80 disposed between the flat
plate 60 and the sensor unit 90 for controlling the light that
is reflected from the patterns Pl and P2 and is to be detected
by the sensor unit 90, and a control unit (not shown) for
controlling the movements of the illumination unit 50 and the

25 sensor unit 90.



controlling the novenents of the illumnation unit 50 and the 25 sensor
unit 90. 9 26 SEPTEMBER 2006 Here, the illum nation u6SEBOEMBERR# sensor
unit 90 are disposed to obliquely face each other so as to transfer |ight

emtted fromthe illumnation unit 50 to the sensor unit 90 w thout causing
any overlap between the incident light path and 5 the reflected |ight path.
In addition, the illumnation unit 50 is disposed novably in the horizontal

direction with respect, to the .optical axjs so, that the incident_ angle of
the Iight inci dirit ’ont}i%ellji%nﬁéﬁ?nl%m AT i =9 BB 00 L BIF o
using the 10 novenent of the illumnation unit 50. The illum. nation unit 50
i ncl udes 4tSPRH ?%O?fb‘ﬁlfehl%o CsTHN W HIF R $Undti bR £E2B8AETF ot 1 ¥k
wavel ength and intensity of the |ight. Wavel ength nodul ati on neans 52 are
di sposed PRIFrht T6PMt AES i ghtidagréeas 501t mbugh WRrcHaNsght WS ten??t ed
fromthe Iight sources 51 is transmtted and its wavel ength is nodul at ed.
The nodul gt Bdoys grrusing peivdeneréarabebvesmeting nawsns3 lightt pheh and
irradiated vertically to the incident light control wunit 70. Here, a light
pat P adj usheentf lsystesimliighdi spblsed to 20 adj ust the path of light emitted
fromthe wavel ength nodul ation neans 52 in order to guide the light to the
collimating | ensn &3dition, the illumination unit 50 is disposed movably

in the horizontal direction with respect to the optical axis,

so that the incident angle of the 1light incident on the

incident 1light control wunit can be controlled using the
10 movement of the illumination unit 50.

The illumination unit 50 includes at least two light
sources 51 with a function to control the wavelength and
intensity of the 1light. Wavelength modulation means 52 are
disposed in front of the light sources 51, through which light

15 emitted from the 1light sources 51 1is transmitted and its
wavelength is modulated.

The modulated light is incident on a collimating lens 53
and then irradiated vertically to the incident light control
unit 70. Here, a light path adjustment system is disposed to

20 adjust the path of light emitted from the wavelength modulation
means 52 in order to guide the light to the collimating lens
53.

The wavelength modulating means 52 includes a wheel 52a

rotatably disposed in front of the 1light source, and color

25 filters 52b disposed on the wheel 52a in a ring arrangement.

10



The wavel engt h nodul ati ng neans 52 includes a wheel 52a rotatably di sposed
in front of the light source, and color 25 filters 52 ¢HrpResBERQO0¢ he
wheel 52a in a ring arrangenent. 10 26 SEPTEMBER 2006 Light emtted from
the |light sources 51 passes through the <color filters 52b, nodul ating the
wavel ength of the light. Preferably, the light path adjusting systemis
conposed of an optical fiber 54 connected between the front of the 5
wavel engt h, npdul at.i ng .neans 52, and .t rear of t collimatin | ens, 53, or
at | east gh%h?eF?%6F?8n é%qﬁ}o%beLﬂdﬁ$Een§?%ﬁﬁfsfrgﬁlFﬁgsﬁﬁghﬁhéé) et is
refracted o refl ecte ia the optical fiber 54 or the reflection mrror,
respectiv@P@?raﬁthﬁﬁhq?¥hn§P P%%ﬁh?%T¥ﬁbw88ﬁﬂ?ﬂﬂE?ﬁ§Pﬂ3ﬁ§13@.th The

incident light control unit 70 disposed in front of the collinmating | ens 53
control s the waVePEMRAM Yor Tt ehsPty BRIt AEIVFHHIT | PY SRt €8 Comppeed

pattern. In nore detail, the incident light control unit 70 includes a
first refpActdthgoprehsal 7E1kRd ard | sendented | besrezn. thive firest radf rileeing
lens 71 15 refracts light emtted fromthe illum nation unit 50, so that

t he I ef raghedl éngtit madulratddicatednat S&8 stdaitght rkieme odn thike copatitnetnsg P1 and
P2. The incident filter 72 is disposed between the first refracting lens 71
and the flahspbat eo6Gtt deasint poé réhkeedtight mincbdent on the patterns Pl and
P2. 20 The first refracting lens 71 is conposed of a |lens having a half
cylinder form thaghhasmattéat thbghtthentl@ghng stirl-acesiants refracted or
reflected via the optical fiber 54 or the reflection mirror,
respectively, and then transferred to the collimating lens 53.
10 The incident light control unit 70 disposed in front of
the collimating lens 53 controls the wavelength or intensity of
the light irradiated to the pattern. In more detail, the
incident light control unit 70 includes a first refracting lens
71 and an incident filter 72. The first refracting lens 71
15 refracts light emitted from the illumination unit 50, so that
the refracted light is irradiated at a straight line on the
patterns Pl and P2. The incident filter 72 is disposed between
the first refracting lens 71 and the flat plate 60 to control
the light incident on the patterns Pl and P2.
20 The first refracting lens 71 is composed of a lens having
a half cylinder form that has a flat light-entering surface and
a convex light-exiting surface. Therefore, when the light is
incident on the refracting lens 71, the light is not refracted,

but when the light exits the refracting lens 71, the light 1is

25 refracted.

11



a convex light-exiting surface. Therefore, when the light is incident on
the refracting lens 71, the light is not refracted, bdf SEREFMBER2Q0p ght
exits the refracting lens 71, the light is 25 refracted. 11 26 SEPTEMBER
2006 In addition, the incident filter 72 nay be a general filter of neutral
density having no pol arization property, or a polarizer having a

pol ari zati on property that can change the polarization state of the |ight

passi ng thereth&puggd%§%£Fe %Egsqﬁmgpé%§9qﬁhﬂ%hydﬁﬁe%ﬁgiqggrasﬁggggna1 and

an AD converter 9 i near sensor 91 i's mova izontalty an
detects light ref ectid Er8n1the atterns P1 ?nd.PZ . The AD converter 92
di gi t al i st &fd Odi 54y 8 a sl ghay p@%\ﬁé}gatné)dpfo At “Eh&CT RERCSefisStt 1. 10

The reflection Iigﬁ% control unit 80 jncludes a second refr%%;ing | ens 82
and a detRCHATOFEE 1B 1. 2 TREISEEGHT Ot ePTAR T g RS 8§27 SIgNgFosEts
between the |inear sensor 91 and the flat plate 60 to concentrate the

ref | ect edPidghtzatdopnatats mehrtiseddehntorasTheg deéte&@tingruUent ter 81 is

di sposed between 15 the second refracting lens 82 and the patterns Pl and P2

to Scontrol thélhfuafnsoy onijedduiabledes ght 1impRr cortsdat i h@iers! 59 and

the linear sensor 91 are disposed to obliquely face each other. The |ight
source Slcomrertse Made Gheahiopti canddrbeérl drs awvekdel hght zehemelnt axt ended
in 20 one direction. The color filter wheel 52a is rotated manually

detects light reflected from the patterns Pl and P2. The AD

converter 92 digitalizes and displays a signal generated from

the linear sensor 91.

10 The reflection light control unit 80 includes a second
refracting lens 82 and a detection filter 81. The second
refracting lens 82 is disposed between the linear sensor 91 and
the flat plate 60 to concentrate the reflected light to the
linear sensor 91. The detection filter 81 is disposed between

15 the second refracting lens 82 and the patterns Pl and P2 to
control the quantity of measurable light.

The collimating lens 53 and the linear sensor 91 are
disposed to obliquely face each other. The light source 51 can
be made of an optical fiber or an end light element extended in

20 one direction. The color filter wheel 52a is rotated manually
or by a motor, allowing easy modulation of the wavelength of
the incident light. The collimating lens 53 and the linear
sensor 91 are moved horizontally using a driving device that is

driven by a controller (not shown).

25 The second refracting lens 82 is composed of a half-

12



or by a notor, allow ng easy nodul ati on of the wavel ength of the incident
light. The collimating lens 53 and the |inear sensor 2&SEPEEMBER 2006
horizontally using a driving device that is driven by a controller (not
shown). 25 The second refracting lens 82 is conposed of a half- 12 26
SEPTEMBER 2006 sphere convex lens with a convex light-entering surface and
a flat light-exiting surface, whereby the incident light is refracted to
be concentrated to the center. it .is pre&grable to form

On_t he ot he .q?nd [
the det ectiiGiF© & F1i%er BT | 7K t he PRET et OfT 46780 M a8, e 2
detection__filter 81 is nade of eneral filter of neutral density having
no pol ari 55 ot 1GP6pEFL YL Sr %Pﬁﬁ% /i ZEPSERRY  JHIf cHARgE S Re 1pBtarilfati on
of the light passing therethrough. In the thin-filminspection device having
such a 1D°EGHHSGuEat PENCONRRME THGe O h§SaCetERY pl ate on which different
kinds of thin films are formed, inspection conditions can be controlled via
the fol |l owi ng prodédurcdhephineadpassi Ay PHe G lchéocdlosm f£het drt8PBLET t he
wavel engt h nodul ating neans 52, light emtted fromthe |ight 15 source 51
i s Ghangefliitremel/lel Enigt htlamditncatsiter fedcan the Todld | hat i hige | dased3iari a t he
optical fiber 54. Then, the <collimting lens irradiates the light to the
patterns Pilltand P2 i somaidee offl at gphatel 60i Miexr tdfe rfautstlr eknactyngavens 71
and the incident filter 72. The first refracting lens 71 serves to
no polarization property, or a polarizer that can change the
polarization of the light passing therethrough.
In the thin-film inspection device having such a
10 configuration, when inspecting a flat plate on which different
kinds of thin films are formed, inspection conditions can be
controlled via the following procedure.
While passing through the cclor filter 52b of the
wavelength modulating means 52, light emitted from the light
15 source 51 1is changed in wavelength and transferred to the
collimating lens 53 wvia the optical fiber 54. Then, the
collimating lens irradiates the light to the patterns Pl and P2
on the flat plate 60 via the first refracting lens 71 and the
incident filter 72. The first refracting lens 71 serves to
20 refract the incident light to be irradiated at a straight line
on the flat plate. The incident filter 72 controls the quantity
of light to be incident on the patterns Pl and P2. The light
reflected from the patterns Pl and P2 passes through the

detection filter 81 and the second refracting lens 82,

25 sequentially, to reach the linear sensor 91. The linear sensor

13



20 refract the incident light to be irradiated at a straight line on the
flat plate. The incident filter 72 controls the quanti #§SERFEMBERR0065 pe
incident on the patterns P1 and P2. The light reflected fromthe patterns
21 and P2 passes through the detection filter 81 and the second refracting
| ens 82, 25 sequentially, to reach the linear sensor 91. The |inear sensor
13 26 SEPTEMBER 2006 91 detects the light, and the AD converter 92
digitaliz i S YS- d c Nl el e
mavelengtﬁ§n§§€?%?%oﬁﬁﬁégﬁéﬁg? ?é& %ggaﬁgde?%vgﬁgnﬁggghglgg %éq?%{kiﬁd

t hr ough | e.lig sse t her eby nodul ati ng the wavel ength of the
l'ight. Tﬁgléég%lrn%ﬂen§%F8§§8§3§} E#b'ved along a straight line by a notor

(not shown) to finely control the.incident angles of the light incident on
the patterns PLAha EsE | RoBaI ToiE (hE 1o Hedr TReBHabr 081 s <5 risved by
a linear nmotor (not shown) to detect 10 the reflected |jght. The opti nal

i nspect i oh°td tF8n‘§5ﬂm%é tH%téFﬁPﬁedﬁﬂé§%ﬁ QYRR pY&EER o thEt
collimating lens 53 and the wavelength of the incident |ight determ ned by
t he Scol orPas$¢t-er LBREEL HePefnbdt et thR BpEcLLIOH oPft A&et hiip!fh.| m The

i nspection 15 device and nethod of the present invention is described in
more detapllinajgercheend t19 i1 niest @i priediphe Fng % is motor
conceptual view illustrating a technique used in the present invention, and
Fig. 6 is(motomreptiuato viewly control the incident angles of the light

incident on the patterns Pl and P2. In addition, the linear

—

sensor 91 is also moved by a linear motor (not shown) to detect

10 the reflected light. The optimal inspection condition can be
determined based on the position of the collimating lens 53 and
the wavelength of the incident light determined by the color
filter 52b.

Hereinafter, the operation of the thin-film inspection

15 device and method of the present invention is described in more
detail, together with its theoretical principle.

Fig. 5 is a conceptual view illustrating a technique used
in the present invention, and Fig. 6 1s a conceptual view
illustrating the key point of the technique used in the present

20 invention. These figures show that two or more light sources,
which can control the wavelength and intensity of 1light and
illuminate the lights at different incident angles, are used to
control the interference intensity, thereby determining optimal
inspection conditions.

25 A thin film formed on a flat plate with uniform thickness

14



illustrating the key point of the technique used in the present 20
i nvention. These figures show that two or nore |ight sPUSEPFEMBER#08N can

control the wavelength and intensity of light and illumnate the |ights at
different incident angles, are used to control the interference intensity,
t hereby determ ning optimal inspection conditions. 25 A thin filmfornmed on

a flat plate with uniformthickness 14 26 SEPTEMBER 2006 is called

"pattern". Reference synbol,s Pl _and P2 in Fig.., 5 _jindicate two patterns,
respect i vl ¢ 'cﬂ dRTFEreht t ieknedsss S%Wéb%%d?%eén fEﬁéf}%c??gn.5As
patterns have different  thicknesses and.indic f _refraction, they have
T f or onti "B LCALSY FEPeHCbECTRET of SHEE Oyt s "Lt and T ForFati sl e
sources, respectively. Each |ight source can adjust the light irradiation
pat h usi f§% he NSt i%8n MSTFGFtoP t he opti cBFLt§iMber , Dalffd Hastierspéceific
wavel ength characteristic, or can adjust the wavel ength using the filter.
10 LS1 i ndiicdnessashaiid cyinicn@er cohveefréasignt h e ahavei gc%sf@me@m ng
surface and a convex light-exiting surface, and LS2 indicates a half-sphere
conbex | engenifelieacednvexReéfeprncensembays swlf agedand aihdatate ghticéi ting
surface. Lights fromthe |ight sources L1 and L2 are collimated at 15 an
angl e 90 fawmmea, verdsipealt ivehe. p8ependiight asotince heannsgigasicothes rifsace of
the pattern, where the angle 90 can be adjusted differently according to

t he i nspectdadnatavgetpattheusold i mhtedeflection mirror or the optical

fiber, and has a specific wavelength characteristic, or can
adjust the wavelength using the filter.
10 LS1 indicates a half-cylinder convex lens with a flat
light-entering surface and a convex light-exiting surface, and
LS2 indicates a half-sphere convex lens with a convex light-
entering surface and a flat light-exiting surface.
Lights from the light sources L1 and L2 are collimated at
15 an angle 6y from a vertical line perpendicular to the inspection
surface of the pattern, where the angle 6y can be adjusted

differently according to the inspection target. The collimated

——

lights are concentrated to a straight line on the inspection
surface through the half-cylinder lens LS1. The censor and the
20 illuminator are disposed to obliquely face each other, so as
not to overlap the incident light path with the reflected light

path.
In addition, the interference degree between the internal
reflection light (Ix) and the external reflection light (Iy)

25 can be adjusted by adjusting the irradiation angle with respect

15



lights are concentrated to a straight line on the inspection surface
through the half-cylinder lens LS. The censor and the 208EPTENMBER2006r are

di sposed to obliquely face each other, so as not to overlap the incident
light path with the reflected light path. In addition, the interference
degree between the internal reflection light (1x) and the external
reflection light (Ty) 25 can be adjusted by adjusting the irradiation angle

Wi th respegtyng 536 -8EPTEMBER 200&. 10 the surface of the pattern.
I .

Meanwhile, Fig. 6 illustrates a principle that the incident angle is

changed accordigpg. 1.8 he I%ggp C%lI5T§5££¥5t4§””4i(ﬂ}i%?ﬁﬁiggﬂﬁgf?éh@ng

hori zontal movement of the Ti'ght 5 sources L1 and L2. Inci

arallel to the opti i's e he fqcus, .poi t .ens. L.S1
PRont ont SPrHSneh gl o 85 SnalaRaCs iRl AGSUR Thofl PRI ats o
the inspection target with,a large refracti.on angl e nd i ght nterin
the cent gpoﬁ*tjt% ijgﬁgrrfusmfc?‘ncPéfen"%‘eong?ﬁ]ez%rlﬁaf ac® o‘?me%() Pﬁeqttl}bﬁ eifg%thgno
refraction angle.. Fig. 7.s conceptual, view illustrating the |jght
travel i ngSPRETES -t HEihridsant EATERt | bHIPFIRATa 185 1and BHCaPBELLGT hpheis
illustrating constructive and destructive interferences respectively. 15

That is, PREHESiPYadiateeFtd RA ST 4 drethédHat t rANTi ENERFIRT | FED t wo

reflection lights, one being the external
edge portion of the lens 1s incident on the surface of the

inspection target with a large refraction angle, and 1light
entering the center of the lens is incident on the surface of

10 the object with no refraction angle.

Fig. 7 1s a conceptual view 1illustrating the 1light
traveling path in the present invention. Figs. 8a and 8b are
graphs illustrating constructive and destructive interferences,
respectively.

15 That 1is, light irradiated to the surface of the pattern
is split into two reflection lights, one being the external
light and the other the internal 1light, which travel along
different paths. The interference degree between the two
reflection 1lights differs according to the incident angle.

20 Namely, according to the phase states of the two reflection
lights, the interference degree differs, that is, the resulting
light becomes brighter or darker as shown in Figs. 8a and 8b.

In more detail, when the internal reflection light Ix and
the external reflection light Iy with the same wavelength and

25 the same phase are reflected from the surface of the pattern,

16



l'ight and the other the internal |ight, which travel along different paths.
The interference degree between the two reflection |i ghSEPTEMBER 200accor di ng
to the incident angle. 20 Nanely, according to the phase states of the two

reflection lights, the interference degree differs, that is, the resulting
| i ght becomes brighter or darker as shown in Figs. 8a and 8b. In nore
detail, when the internal reflection light Ix and the external reflection
light Ty with the.sape gvaveéﬁ%gctﬁ 5t hase ar ef l ect,ed from
t he surfae(/:He }J(;f tﬁe pattrern 56&%%3‘]‘% E%@CQ% g qltohe?/%l ntgr%er eflgthec
constructjvel e light |t|o ri C|p

contrary, °\ine Osgglf)m%?l}lgfébel X %ﬁdtﬁ]?/ vm e sglrfeg eltewnO t%lgolhhtdg

opposite hase flected fromth surface f the pattern, the

i nt erfere at raI{thW/@I‘ %ggcosfadriengw?‘be%ﬁ{@tﬂ gt sﬁBBPﬁgE?t |p8ﬁ56F| r%‘i%l e.
The quantit | i ght incident on theré)fattern can be controlled b

control |i ]ter%eﬁrl Ghthesd f S’PﬁéaF?g sGliFcePdY e Yy ushRy thrét?lfﬁlﬁr&.

Ref erence synbols FI. and F2 of Fig indicate filters that control the
quaftity SFSHmnGtdaRtyl pgRerdn aFrRJI t@ﬁelaalaﬁtwgﬁfcﬁowéf@@r BBLBCIPHht . The

i ght sources LI and L2 can be noved in the directions XI and X2, and the
angl es 61 and Skhear guehthged ofackiatdi ngn@eﬁetrh'e BV drent pat st ancesnofbe he
light sources L1 and L2. That is, the incident angle can be accurately
cont r ol | econtlrs Mieth biyheonbvehking otfhd HerilghghtssoufcebelLligmd $Qurce or

by using the filter. Reference symbols Fl1 and F2 of Fig. 5
indicate filters that control the quantity of incident light
10 and the quantity of measurable light.

The 1light sources L1 and 12 can be moved in the
directions X1 and X2, and the angles 81 and &2 are changed
according to the movement distances of the light sources L1 and
L2. That 1is, the incident angle can be accurately controlled

15 with the movement of the light sources L1 and L2.

The present invention provides an optical system that is
advantageous 1in measuring, inspecting, and monitoring the
presence/absence, shortage/excess, and thickness wvariation of
thin films, with different thicknesses uniformly, formed on a

20 flat substance, or formed as a pattern thereon. The
advantageous measurement conditions are as follows.

(a) Brightness difference between the pattern and the
background is sufficiently 1increased in order to emphasize
shortage/excess, and presence/absence of the pattern.

25 (b) Brightness difference between heterogeneous patterns

17



The present invention provides an optical systemthat is advantageous in
nmeasuring, inspecting, and nonitoring the presence/ ab6SERTEMBER 2006

short age/ excess, and thickness variation of thin films, with different

t hi cknesses uniformy, forned on a 20 flat substance, or fornmed as a pattern
t hereon. The advantageous neasurenent conditions are as follows. (a)

Bri ghtness difference between the pattern and the background is
sufficiently increased in.order tqQ enphasize  shortage/ excess, and

or csencel BbaEHES  6f SEhEY pAtEEFASSS5 (b) CBATGhiese! i 71 drite bat vk

het er ogeneous patterns 17 26 SEPTEMBER 2006 is sufficiently increased in
order to TRI¥Bremti &€ BatWeEh regions of the pattern. (c) The change in
the detected light relative to the change in thickness and i ndex of
refraction of t&@ pabeerqfarge Sl%uft?lieci%e%%qcﬁeéll et=¥dd. TAheh1YE ght i'she
illumnated with a specific incident angle to a thin dielectric filmwth a
speci fi c €mEhess FoltwetEoh 2anhel BT aele BFF R EUISt aifcethe heaahaaiages
intensity of detectable 1light and the change ratio of the intensity

rel ative soffihwientd vt kilekaesd. can be obtained by the following equation 1. -
Equation 1 | =Ix+ly+2 Ixlycos(47rnl TcosOTl /2+7r) 91/ S(T)=8

(I'xly)ir/2. nTcogin , kigt(di s nlToosi8axked with5a specific incident angle

to a thin dielectric film with a specific thickness formed on
the surface of a substance, the average intensity of detectable
light and the change ratio of the intensity relative to the

10 thickness can be obtained by the following equation 1.

- Equation 1 -

[ =K+ y+2./[xlycos(4m, T cos 8,/ A+ )

81/ 8(T)=8/(Ixly)x | A-n, cos O, -sin(4r -n,T-cos,, / 1)
15
Here, A denotes the wavelength of the incident light, 67
denotes refraction angle, and Ix and Iy denote the intensities
of the internal and external reflection lights, respectively.
These variables can be externally adjusted. 1In addition, T and
20 ny denote the thickness and index of refraction, respectively.
These variables are for the inspection target.
Hereinafter, the conditions (a), (b)), and (c) are called
“inspection condition”. For convenience of analysis, it is
assumed that Ix/Iy = 1, and an equivalent thickness 1 1is

25 defined by the following equation 2.

18



Here, \ denotes the wavelength of the incident light, 9T denotes refraction
angle, and Ix and |y denote the intensities of the i n2ePFREIEMBRR 06 er nal
reflection |ights, respectively. These variables can be externally
adjusted. In addition, T and 20 nT denote the thickness and index of
refraction, respectively. These variables are for the inspection target.

Hereinafter, the conditions (a), (b), and (c) are called "inspection
condition". For convenience of analysis, it is assunmed that Ix/ly = 1, and
an equivalent thickness i is 25 defined by the follow ng equation 2. 16 26
SEPTEMBER 2006 . .Equation 2 r=nTT 5 In addition, the inspection conditions
(a) , (b), ?ﬁ?%ﬁé@ can be expressed by the follow ng equation 3. - Equation
3 I. (BTx, ")r=fl >1lulmlIB, 2)~rrz > 12 10 SIISz(Brz~~)~r=ri >Ql,
6l1/6r(8, X TiY~r=,a >Q@ |i-111>(S1> 112-101> 52. 11,-1o0l>03 Here, |0 denotes

the quantity of background light, and 11 and 12 are mnimum quantities of
light required for 15 differentiating the pattern, respectively.

51 (i=1,2,3) is a constant for defining a value sufficient to obtain a
contrast. Constanm@diiaind e armshachiiAlimcendhgecrat (ak, ofbli giid glantity
{

can be expressed by the following equation 3.

- Equation 3 -
( ]m(e'[‘x’ﬂ’) =1l >I]’ ]m(eT,wﬂ’) =12 >]2
10 Ol 6T(Ops Aoy > Qs 011 07T(6p AN,y > O,

\4—M>@,|5—%b5p\g—u>@

Here, I, denotes the quantity of background light, and I,

and I, are minimum quantities of 1light required for

15 differentiating the pattern, respectively. 6:i(i=1,2,3) is a

constant for defining a value sufficient to obtain a contrast.

Constants Q1 and Q2 are minimum change ratios of light-quantity

required for detecting the change of the thickness, which is

needed to be adjustable sensitively or not as needed. These

20 constants can be determined to a high value i1f not causing a
false defect.

In the prior art, one illuminator is used, various kinds

of 1light sources are used as needed for facilitating the

inspection of the surface, or an old optical instrument based

25 on Ellipsometry is utilized for the inspection. These prior art

19



required

for detecting the change of the thickness, which is needed to be

adj ustabl e sensitively or not as needed. These 20 cong6 SEREEMBER H86
determned to a high value if not causing a false defect. In the prior art,
one illumnator is used, various kinds of |ight sources are used as needed
for facilitating the inspection of the surface, or an old optical

i nstrunment based 25 on Ellipsonetry is utilized for the inspection. These
briorar to 49,26 SEPTENEER 12006, et botls. AL Ve difitioubt JLool nepease the
relative senS|t|V|ty of e pattern, or cannot cope w th heterogeneous

patterns.

t k f Ratt t
Phe. pat 67he TRve e ant” oSty BaT. i Rebect] h. Behd TER s RALord g .

the prior
t hat sati

illustrat

arts s diff

| h | d
it Sl taharrEnkortl bf B tﬁ%rb% Sre vRo I o ABS X )

and the selection is |np055|ble in some cases. Figs. 9 to 12 are graphs

Fhiy FHAST %0 sl (41 ffée%en"%l@s}?arled Wﬁs@ﬁ@étwanceaﬂamrbﬁws

cannot be determ ned usin one illum nator. gf 9, and 10 shows the

i nt ensi t yAGFOo Tt e er éfceNg ghElomi 3 H Sresidects t
the case when A=500nm and T= 1700A, and in the case when A=500nm and T-
2800A, 15vaksgectively. Lo t BRY Semilratti ovatifsdly cbhw enadttion arhal §ixd s,

the index of refraction nis fixed at a constant, and T is

10

15

20

25

equation 3, with two variables (814, A), and the selection 1is
impossible in some cases.

Figs. 9 to 12 are graphs illustrating simulation results
when desired inspection conditions cannot be determined using
one illuminator.

Figs. 9, and 10 shows the intensity of interference light
with respect to the refraction angle, in the case when A=500nm
and T= 1700&, and in the case when A=500nm and T= 2800&,
respectively. In this simulation, for convenience of analysis,
the 1index of refraction n is fixed at a constant, and T 1is
changed.

When T = 1700§, as shown in the second graph of Fig. 9,
the inspection condition is satisfied when 6; < 38°. However,
when T = 2800£, because of requirement that I, > I,, as shown in
Fig. 10, the inspection condition is satisfied when 8; < 41°.

Based on the simulation result, two cases can be
considered. One case 1s when the wavelength 1s changed to
overcome the problems, and the other is when 6:; is adjusted to a

wider range of values. Nonetheless, this method is limited.

20

Fheculer reetsoedngie in
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changed. When T = 1700A, as shown in the second graph of Fig. 9, the

i nspection condition is satisfied when 9T < 38. HoweverR2¢é SERPTEMBIER2006= 28004,
because of requirenent that |, > 12, as shown in Fig. 10, the inspection
condition is satisfied when 9T < 41. Based on the sinulation result, two
cases can be considered. One case is when the wavelength is changed to
overcone the problens, and the other is when OT is adjusted to a 25 w der
range of val ues. Nonetheless, this nethod is limted. 20 26 SEPTEMBER 2006
- Equation 4 B, < Ba < max 5 In the Equation 4, when the index of
refraction eT |s to | arge, total reflection can be generated on the
surface of ?ﬁ?'ﬁﬁbstance or the instrunmental problemoccurs. In addition,
referring,to wavel ength-dependent characteristics of commonly 10 used photo
detectiongsé sors, A, is about 400nmand A ,, is about 600nm Figs. 11 and
12 shows intensity of light with respect to (eT, A, as a sinulation
result. Aémcéﬂ“%émexpected it is inpossible to determne a value (8T, A
that satisfies the 15 inspection condition described above. Nanely, when one
illdmnator is used, the condition is inevitably deternmined so

In the Equation 4, when the index of refraction 6; 1s too
large, total reflection can be generated on the surface of the
substance, or the instrumental problem occurs. In addition,
referring to wavelength-dependent characteristics of commonly-

10 used photo detection sensors, Apgn 1S about 400nm and Mgy 1S
about 600nm.

Figs. 11 and 12 shows intensity of light with respect to
(6T, A), as a simulation result. As can be expected, it is
impossible to determine a value (8T, A) that satisfies the

15 inspection condition described above. Namely, when one
illuminator is used, the condition is inevitably determined so
as to emphasize one thin film.

For this reason, the present invention provides a thin-
film inspection method wherein at least two separated light

20 sources simultaneously irradiate lights with different incident
angles. When two lights with intensities Ix and Ix are incident
on the inspection target with different incident angles, there
is no interference Dbetween the two incident lights, and the
measurable intensity of light 1s given by the following

25 equation 5.
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as to enphasize one thin film For this reason, the present invention
provides a thin- filminspection nethod wherein at | ea3¢SERKEMBERI08¢ ed | i ght
20 sources simultaneously irradiate lights with different incident angles.
Wien two lights with intensities Ix and Ix are incident on the inspection
target wth different incident angles, there is no interference between the
two incident lights, and the neasurable intensity of light is given by the
following 25 equation 5. 21 26 SEPTEMBER 2006 - Equation 5

| mel X+l y- Ixcos(4 r r- cos OT,/A2)-lycos(4ir'V.cos&y,/A) =2Ix sin

2(27r-r- co§$7 O% . 1ysin2(27r r-cosOl,/22) 5 In addition, the change ratio
of Imwth spec o Tis given by the follow ng equation 6. Equation 6

10 51/8(r)-4T Ix/ sin(AL 0s9 21 22 cosTy sin(4~T-V
cosCﬂY/ZZ%T é%o “Fﬁﬁfﬁéc dﬂé%?%ng gﬁﬁ %Oﬂ%ﬁﬁba satisfactory

i nspection c ithon is s d.for. ene thin fil and a 15 inspection
condi tion |*s§)27gf51§c &d7f O tkﬁéﬁbf%élgsph&?'ﬁ?%eiyﬁ‘%e sane manner, the
|nsgﬁct|on conditions becones satisfactory for two different patterns. As
sho in simulation results of Figs. 11 and 12, when

In addition, the change ratio of Im with respect to 1 is

given by the following equation 6.

- Equation 6 -
10 ol/6(t)y=4n[Ix/Al-cos@,, -sin(4rx-7-cosf, /A1) +

Iyl A2-cos Oy, -sin(4r -7 -cosb, / 12)]

As shown in the equations 5 and 6, when a satisfactory
inspection condition 1s selected for one thin film, and a
15 inspection condition is selected for the other thin film in the
same manner, the inspection conditions becomes satisfactory for

two different patterns.
As shown in simulation results of Figs. 11 and 12, when
lights from light sources 11 and 12 are incident on two
20 patterns of T=1700A and T2800A with incident angles 8T=380,
®T=450, respectively, and the reflected lights are detected by
the same sensor, the brightness and the change ratio that
satisfy the inspection condition can be obtained. Similarly,
controlling of the incident angles with different-wavelength

25 lights allows increase of the brightness of the two patterns,
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lights fromlight sources L1 and L2 are incident on two 20 patterns of
T=1700A and T2800A with incident angles 6T=380, 8T=450.26FPERTIMBER 200§ and
the reflected Iights are detected by the sanme sensor, the brightness and
the change ratio that satisfy the inspection condition can be obtained.
Simlarly, controlling of the incident angles with different-wavel ength 25
lights allows increase of the brightness of the two patterns, 22 26

SEPTEMBER 2003.rl as gelcl as degrtﬁiase of the change ratio. As apparent from
the above &S pti SACTFAST het tHIG-FPPHF FASPecti on method and devi ce
according to the present ti vention, there are two |ight sour ces t 651t can
control the 5 W etBHFR tardd FheEneBRYF FS8FT PG ant i Fraunt i & 4iyht s
with different incident angles so as to control the interference intensity
and det ertARE Gt mal™§ ct?oh EBHUFEi oASCOFAER@bY bt &iNfi nPEE TR abl e
inspection result also when various kinds of thin filnms are fornmed on a
pattern. IVeAtifsughtheree prEfeiied lerdhddi sRHICSST et peasemonticaveritticon have
been disclosed for illustrative purposes, those skilled in the art wll
appbeci ateatdianotdr | oud bdi firdatnisony, ofaddighongndnd Systiiattet | o tar e
possi bl e, without departing fromthe scope and spirit of the invention as
di scl osedwitth t héiffiéracconpanydagtcl anmies23 s26 SEHPTEMBER 20@Gol the

interference intensity and determine optimal inspection

conditions, thereby obtaining a reliable inspection result

also when various kinds of thin films are formed on a pattern.

10 Although the preferred embodiment of the present
invention have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing

from the scope and spirit of the invention as disclosed in the

15 accompanying claims.
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VWHAT IS CLAIMED IS: 1. Athin-filminspection nmethod conprising:
irradiating a plurality of lights to a thin film cont¢SERTEMBER 208& el engt h
of at least one of the irradiated lights; directing the

wavel engt h-controlled Iight on a spot of the thin filnm and detecting an

interfereqﬁ§h$ifgnc£§iﬁﬁ5tfg:fron1the thin film 2. The nmethod as set forth
inclaim; T ecting step includes controlling an incident
angle of the wavelength-controlled |ight and the spot of the thin film 3.
The nmethod as set_forth jn claim?2, wherein the controlling step is
per f or med by nﬂ%ﬂﬂblqﬁgl#%vb?%%%?%%o%dﬁ?FQﬁqe%PW?ﬁh?l%%rizontalIy. 4. The

nmet hod as set forth jn claiml { her coqgrises controlling an intensity
B

fu [
of the wavel engltlhr-é%ﬂoﬁﬂr%qa|aedpl%?i%ts.o AHIREF i Fon @ nsRERt f b et hod
conprising: iregtialinong PlWiabidygof bt A s1d0s@ Shinofitge controlling
a wavel ength of at |east one of the “irradiated lights; adjusting a |ight
path fromitmdeatet@ntdhteontrolled |ight; 24
directing the wavelength-controlled light on a spot

of the thin film; and

detecting an interference light reflected from the

thin film.

2. The method as set forth in claim 1, wherein the
directing step includes controlling an incident angle of
the wavelength-controlled light and the spot of the thin
film.

3. The method as set forth in claim 2, wherein the
controlling step is performed by moving the wavelength-

controlled light horizontally.

4. The method as set forth in claim 1, further
comprises controlling an intensity of the wavelength-

controlled light.

5. A thin-film inspection method comprising:

irradiating a plurality of lights to a thin film;

controlling a wavelength of at least one of the

irradiated lights;

adjusting a light path from the wavelength
controlled light;
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26 SEPTEMBER 2006 directing the path-adjusted light on a spot of the thin
film and detecting an interference |ight reflected fr&hSRHEMBER90¢| | m 6.
The nethod as set forth in claimb5, further conprises controlling an
intensity of the wavelength- controlled light. 7. The nethod as set forth in

claimb5, whereidy dde: i raflj tisd | Froe 15t £ b St REr T OFHR b DYa MY o £ henavavel engt h-
controlled light horizontally. 8 A thin-filminspection device conprising:
a pluralitShigt filght &vlirces each irradiating light to a thin film a
wavel engt h nodul ator controlling a wavel ength of at |east one of the

irradiated |i ghsted {dghin Patte contdRle SYSHAM dFREH Y £16n the

wavel engt h-controlled ITght on a spot of the thin film and a detector

det ecting @nin ntielmierence light reflected fromthe thin film 9. The device
as set forth in claim8, wherein the wavel ength nodul ator includes a

rot atabl e wheel on which a plurality of color filters are disposed. 10. The

device as sel LALLM, Lo & THELROT, o COPLE S N QpY  cal fiber that
comprises controlling an intensity of the wavelength-

controlled light.

7. The method as set forth in claim 5, wherein the
adjusting step is performed by moving the wavelength-

controlled light horizontally.

8. A thin-film inspection device comprising:

a plurality of light sources each irradiating light

to a thin film;

a wavelength modulator controlling a wavelength of

at least one of the irradiated lights;

a light path control system directing the
wavelength-controlled light on a spot of the thin film;

and

a detector detecting an interference light reflected

from the thin film.

9. The device as set forth in claim 8, wherein the
wavelength modulator includes a rotatable wheel on which

a plurality of color filters are disposed.

10. The device as set forth in claim 8, further
comprising an optical fiber that delivers a light from
the wavelength modulator to the light path control

system.
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t he wavel ength nodul ator to the light path control system 25 26 SEPTEMBER
2006 11. The device as set forth in claim8, wherein RHSEPTEMBER Rt h
control systemincludes an illumnating unit to control an incident angle
of the wavel ength-controlled 1light and the spot of the thin film 12. The

devi ce as ﬁt f@ﬂéha%glgéaég1gét ¥€§£ngethfalﬁléun&gg%e%or?ﬁl i s disposed

nmovably i n"horizont Irectron. Gevite® as in claims8,

wher ei n theight ghitipatbnepolr o ssymt encingtsdes altahihaatihgguhens to
direct the wavel ength-controlled light on the spot _of the thin film 14.
The devi cet@sCeREr¢brah ipcCEfanhn sngiﬁr@ﬁeﬁzhecvmﬂ%gta EPnteplipgdt

controls Pné@$ atghgw%%g@_oyfﬁgée??§g epphrolled light. 15. The device as

set forth i aim 14 rein ter includes a polarizer filter. 16.
The device as set forth in claim8, further conpr|S|ng a sensor unit
obliquely djsposed to the |ight ath control 's em
a y 1é.p The éevice asgset ?orth gn clalmyfi whereln the
illuminating unit is disposed movably in horizontal

direction.

13. The device as set forth in claim 8, wherein the
light path control system includes a collimating lens to
direct the wavelength-controlled light on the spot of the
thin £ilm.

14. The device as set forth in claim 8, further
comprises a filter that controls an intensity of the

wavelength-controlled light.

15. The device as set forth in claim 14, wherein the

filter includes a polarizer filter.
16. The device as set forth in claim 8, further

comprising a sensor unit obliquely disposed to the light

path control system.
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