;e3eR\ j 6TRbsU THI N-FI LM | NSPECTI ON METHOD AND DEVI CE *159159* BACKGROUND
CF THE | NVENTI ON *cooo002* 5 Field of the I nvention The present invention
relates to a nethod and a device for inspecting thin films which are widely
enpl oyed in a sem conductor manufacturing process, and nore particularly to
a method and a device for inspecting thin filnms wherein the 1
the thin filnms are inspected using an optical interference phmmmmmmmmm MM(
t her eby allomnnﬁﬁthe |n§ﬁH§t|on irrespective of the kind of

Descri ption of THRE-REMAt PG LPH ¥ﬁ?$p@|ﬁwﬁlqg¥ﬁggtlon is very |npor1ant in
manuf acturing products such as LCD and PDP that use se

processi ng mai nly conposed of processes of deposition, exposurgmmHMﬂwm"mwm
etching. In the case of TFT LCD, thin filns with thicknesses

1000A are pil eBAEPCROVHDIGH dHFat NEENTIM Presence/ absence and *G00002*
short age/ excess 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 filmfor formng the pattern. As sem conductor
prdcessi ng net hodsd hav etldeViglvepedonvar i ous 25 net hods of inspection have
been proposed. Most of the 1 i nspection nmethods can be classified into
several types &bef pirkswst Amyrgttihemrefihecrosd gemert@locheribda i deraice

i nspection nmethod that uses an optical systemincluding a CCD 11 and an 5
i1 lum nator 1Pnspedtowry i nhkhg. fillmd nwhtichk netdodideilghtefiposgddein a
illumnator 12 is uniformy illumnated fromvarious incident angles to an
i nspecti gamtabgatcidr asgduthetebing ngesexd, thed inspecpronitargely are
obt ai ned, not dependi ng on the change of the thickness of the inspection
target, a s@taloeh 01d 180 aeiribyt €opr gjireglic@nnghairaen. £iGener ahéd e id hiige met hod
is used to performtwo-di nensional neasurenent of the pattern, rather than

t ag nspeglirFhgepatdrer Bhel ttHis genendl re usesgedddd agsanki ¢ spursgrin
order to provide uniformand wi de range of illum nation. 15 However, this

optical syskerel-8n8Ot SHERSRESOA O eﬁé%&Ingamwiregde£§§tslggpge£§5ﬁn ni ng
i nspection conditions on the pattern, or Tor performng a high-speed

[ nspectlggrgggggtgvél@Paghéxggggﬂgyn%gl%n illumnator suitable for an area
CCD i s used I'n addition, there is an inspection nethod using a coaxi al

incident illumnation. In this nethod, as shown in

Description of the Related Art
15 Thin-film inspection is 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, it 1s necessary to
inspect the thin film for forming the ©pattern. As
semiconductor processing methods have developed, various
25 methods of inspection have been proposed. Most of the



Fig. 2, a coaxial incident illumnator 21 and an inclined illum nator 22
are fixed at appropriate disposition-angles to illumnate |ight to the
surface of an inspection target 20 so 25 as to obtain an inage thereof via
a CCD 23. 2 When this nethod is used, optinmal inspection conditions

cl osely depend on the characteristics of the thin-filmpattern, but it is
very difficult to adjust these conditions. The only adjustable

i nspection-condition is the brightness of 5 the coaxial and inclined

i || umi nat gr e et BREOWherefhete SresSH 1t erf R MRV pat YR$hs2Sor the
characteristics of the pattern are changed, the optimal inspection
condi ti onf&Hf6t- be obtained. In addition, even in the same process, it is
necessary to adjust inspection conditions in response to 10 different
process condit ifMg Thhemi ngpectest neehedatamestiofects sach imegdstiPort her,
Orbotech co. proposed a thin-filminspection nethod that uses an optics

t echnol ogyetdudd edhatEl bspsomet PRt icdhi syseemotnaveisdidicsch osed iih Bnidt ed

St ates Patent Nunber. 15 5, 333,052. An inspection device used in this

met hod i ncl udeishagquolldr izzesh@Mn i rigitar dat | dm gihdtse i@ hcand laghandlrprer 33.
Light emtted froman illumnator 35 is linearly polarized through the

pol ari zertt8dl andumimnadbat etl2t oi$ hearsiidfrade ofi lanminspedt | ot angetioB6.
Elliptically-polarized light reflected 20 fromthe inspection target 30 is
| i near|y podiaddrzediragaisn tthroudhsphetaoal yaege3210, Thetkafierfsbyt hthages

| i nearly-polarized light is incident on a CCD sensor 34 whereby an i mage of
the inspestioRet angebctsonbtrairged. Ae ayrsWda, thbes aBbEeEiM@ScoAN the
advantage in that the inspection sensitivity is maximzed 25 for a

parti cul adhdngee of tHd mhianehehe obr ikgbt nesseOf idh thiiyet, J iddpaan be
adjusted for enphasis of the thin filmby changing the rotation angl es of
theor et arglahi ont ! pte apdianakygecon ThatehsSrally s tRsPepttRBdMethedchas an
advant age in that

to perform two-dimensional measurement of the pattern, rather
than to inspect the pattern. It is general to use a LED as a
light source in order to provide uniform and wide range of
illumination.

15 However, this optical system is 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 1is used.

20 In addition, there 1is an inspection method using a
coaxial incident 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.



because the brightness can be adjusted by changing the 5 rotation angl es 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 filnms having different properties, this nethod cannot
determ ne one inspection condition suitable for all the 10 various ki nds of
properties of films. As a result, if inspection conditions for a specific
thin filmare optim zed, inspection conditigns faor a different thin film
are degraded. U8RBetiédt MFLIORe 15t Y %ar CRRTAL iSRS peaBt CORIREL ABds have
problens that it is difficult to set an inspection 15 condition when there
are vari 648SRLHds 96PERHI nON | e arfarReEerofeiehei PLoptifal thAspéétion
conditions becone different under a particular condition, |owering the
reliabil Pegtetnt heutngpedtsi oiemvesitficyist tios adine tpriheseacenght ACR$ | m

i nspection nethods use 20 one illumnator, or various kinds of |ight

sour ces dhet polyameljtisirebds nesgedtion-corpetidmgis hehsubtaghtoéss het

i nspection target to neet a specific requirenent, or use an old optical

i nsi r unenthes wolxas 1Eldndpsionetimed drl ltume nehspect | Bhereiboeaer yhehetperer arts
are very difficult to increase the relative 25 sensitivity between
patternsarandiddeneht havedanocppaopsirad e ok thedjarstmente rniethod b6rthe

het er ogeneous patterns. SUMVARY OF THE | NVENTI ON 5 Therefore, the present

i nvent i opahasrheerranadeanded;i evhof obbemaboyvespeobl ens coatdribni £aanoobj ect
of the present invention to provide a nethod and a device for inspecting a
thin fil mewhgselihddvo ornmeeliklighl sekncesy whéChkagan maddsd, the is

wavel ength and intensity of light and illum nate the lights 10 with

di fferentdoagkdent angl £sjusr e usRddaoeontpalii t hens ntat f ereperskent essity,

t hereby determ ning optimal inspection conditions to obtain a reliable

i nppect i on rresuht guershen-dhere e difidies enfskéogsoof mebhdaf thRBot! N
accordance with the present invention, the above and

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 illuminator 35 1is linearly polarized
through the polarizer 31 and irradiated to the surface of an
inspection target 30. Eiliptically-polarized light reflected
20 from the inspection target 30 is 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 is 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 than



15 ot her objects can be acconplished by the provision of a thin film

i nspection device conprising: a flat plate on which patterns having
different indices of refraction and thicknesses are forned; an illum nation
unit for illumnating light to the 20 patterns, the illum nation unit being
able to vary illumnation angle of she light; an incident |ight control

unit di sposed between the illumnnation unit and the flat plate for
controllingmthe light to be incident on the patterns; 25 a sensor unit for

det ecti ng1a™r 6P ekti BRIPFERT FoorfHE@sss Patthsr hdinaltiéhl Bt FBANYT Rt
control unit disposed between the flat plate and the sensor unit for
control | tR§ FRERTightandl b Hetdet &§tBYRRECBePsDES (ATIY ;2TEd %5 a contr ol
unit for controlling novement of the illum nation unit and the sensor unit.
BRI EF DESCRI PTTIORE OFs THEN DRAVE NS P ITiHE tapey &agndnoeRERNbBpect 8, thatat ur es
and ot her advantages of the present invention will be nore clearly
under st obécfuden t hieef obt ool hiee ket aidred bdes @dipisiten t Rikenchangong unché on
wi th the acconpanying drawings, in which: Fig. 1 is a view schematically
shdwi ng aogehépal aopieealof15 sy staamrdeitgon? pdlsita \dZevarst helnat aoal ¥yeshow ng
a conventional illumnation unit for thin-filminspection; Fig. 3 is a view
show ng a3priirs@rdtiapt i cahdsysdesn usnngoan cdrigetd catcpodatq zep, 2= Fig. 4
is a view showing a thin-filminspection device according to the present
i nvent i orhaFhgtebi$si@s vbewtihkl fdtimat | Agwaveechmblagythesed dm the psesent
invention; Fig. 6 is a conceptual viewillustrating the key point of 25 the
t echni quecusedtiiing heapragenii i el Ofroferties, this method cannot
determine one inspection condition suitable for all the
10 various kinds of properties of films. As a result, if
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 it 1s difficult to set an inspection
15 condition when there are various kinds of thin films, and
therefore their optimal inspection conditions become different
under a particu.ar condition, lowering the reliability of the
inspection result.
That i1s, 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 Ellipscmetry for the inspection. However,

the prior arts are very difficult to increase the relative

25 sensitivity between patterns, and do not have an appropriate



Fig. 7 is a conceptual viewillustrating the light traveling path in the

present 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
rati o under a different condition in the optical system 10 according to the
present invention 11 is a graph illustrating a sinmulation result of
the opti ééuugay@@@wa%%m@u%rth?tterﬂr@gﬁrl@@@ﬁtpaﬁt/%m%n and Fig. 12 is a
graph illustrating a sinulation result under a different condition in the

optical system according to 15 the present invention. DESCRI PTION OF THE
PREFERRED EMBODI MENTS Herei nafter, an enbodi nent of the present invention
is 20 descri bedUMMAREt@I I THERIBVENAGON 0 t he drawings. A thin-filminspection
met hod 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
253 pluralityThérendependent pricgbhtsaurveasion $tep efendetentt i hg View
interference light reflected fromthe thin filnms using a sensor; and a step
of anal yzitng:Hdeadetectedbllicgbt tamddbiai nsanal ysbsettf ofmatieo®nprasens to

determne the state of the thin films . 5 In the light illumnation step,
it is possibheibn per frddviald eal métidd candir al fvitde fdx aghabéomnianghe and
wavel ength of the illumnated Iight, and to control the incident angle of

the lightnby thephohizenhak,po¥eneBle of i fie ﬂﬂﬁﬁﬂﬁﬁtv@ﬁc%h%ah'QBht§erce
10 In the light detection step, an inmage senS|t|V|ty of a particul ar

materi al ﬁé”wQ@e?Qx@ém'A&f’ B}ﬁe%%'l%?t b‘feH%H'@t&&ﬁ'Pﬂldﬂl%a‘ﬁ@v%éngﬁeﬁt@ the
reflected I'i ght obtai ned by controfling t | i ght source. That Is h

I ryadi at gd. )| gﬁifgéf‘f%:.iéfl | i Sﬂ%fﬁ axh§ 1o dey }Ié?t &$sdd omd h%o%‘%%?a' (gXis of

the |ight source y novi ng the |ght source, Is reflected from

the flat ; R't%?e? c‘!@' EHtérﬁ‘&x{#‘ édéefngrr acte ﬂgr pt'lﬁla efirapted; b9 enter

the fil ns e re ract ed

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 unit for illuminating light to the
20 patterns, the illumination unit being able to vary
illumination angle of the light;
an incident 1light 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



bright or dark band i mage corresponding to the rimof the 20 pattern,

t hereby obtaining a highlighted i mage representing the i nage of the
substance. One of the methods for obtaining the highlighted image utilizes
the principle of bevel illum nation mcroscope. In this nmethod, in order to
clarify the shape of an object to be 25 observed, light is -rradialLed to
deviate slightly fromthe 8 optical axis of the mcroscope. On the other
hand, in the thin-filminspection nmethod, the Iight sources and the sensor
are di sp&s&deEBsface each other so as not to overlap the path of the |ight
fromthe light 5 sources to the flat plate with the path of the [ight from
the flat plateatoreheedador lighy. wntgod pershedispeserevPestitiimgtite
configuration of the thin-filminspection device according to the present

i nventi odlatopAstshewd theFbgnsdy wihit tipm-dantmalagpecthen ldebicecibel udes
a flat plate 60 on which patterns P1 and P2 conposed of thin filnms are
fornmed, aeteckadi hatiba semsobQniincl| wadidng |i ght sources that irradiate
light at a predeterm ned angle toward the patterns P1 and P2 and function
to Thange t he &5 iagradicdt i oomangl €oof tdwmtirbght nganchcaremenei dent | tight
control unit that is disposed between the illum nation unit 50 and the flat
pl ate 60iflausontcobntheitighd tihee kensee dent.on the patterns Pl and P2.
Thi s device al so includes a censor unit 90 for detecting light reflected
fromthe patterns P1 and P2, a 20 reflection Iight control unit 80 di sposed
between the flat plate 60 and the sensor unit 90 for controlling the |ight
that is refl echedefromdtherpant emsyPlpamgNg and is to be detected by the
sensor unit 90, and a control unit (not shown) for controlling the
novenents of the illum nation unit 50 and the 25 sensor unit 90. 9 Her e,
the illumnation unit 50 and the sensor unit 90 are disposed to obliquely
fage each otherngo agde transfescldghtogdded fromihes ilLym ngthop unit
50 to the sensor unit 90 wi thout causing any overlap between the incident

light patfy,andagethesf efdiget pdebibght Paldhtion 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 is a view schematically showing a conventional
illumination unit for thin-film inspection;
Fig. 3 1s 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 i1s a view illustrating a technology used in the
present invention;
Fig. 6 is a conceptual view illustrating the key point of

25 the technique used in the present invention.



In addition, the illumnnation unit 50 is disposed novably in the horizontal
direction with respect to the optical axis, so that the incident angle of
the light incident on the incident light control unit can be controlled
using the 10 novenment of the illum nation unit 50. The illum nation unit 50
includes at least two Iight sources 51 with a function to control the

wavel ength and intensity of the light. Wavel ength nodul ati on neans 52 are
di sposed in front of the Iight sources 51,.throu?h which light 15 emtted
fromthe |ight Fd8urcés Bl i CrarsAtEdbd ERY i eslwabverehd h She mddahkt ed.
The nodul ated |light is incident on a collimting |lens 53 and then

i rradi at édavetingarayh tig the pPHepdehtinVgitiodentrol unit 70. Here, a |ight
pat h adj ustment systemis disposed to 20 adjust the path of light emtted
fromthe wavel €ageh fadahdt Bonameansablsi hl bugleratinguiastrvetivghentdo t he
collimating | ens 53. The wavel ength nodul ati ng neans 52 incl udes a wheel
52a r ot atl@sltyudt sposeddnfefreonesof refseedtiigtetl ysour ce, and color 25 filters
52b di sposed on the wheel 52a in a ring arrangenent. 10 Light emtted
fromthe |ight Fsgur Cesiblapgsses thioaghathegcoher ihitktréeseb2b, chedgdat i ng
t he wavel ength of the light. Preferably, the light path adjusting systemis
conposed raftian apti cdle fidetri &l cogyendred betoweimd hetd r onheof prbeebt

wavel engt h nodul ati ng neans 52 and the rear of the collimating | ens 53, or
at | east iorentebhection mrror. Light emtted fromthe |ight source 51 is
refracted or reflected via the optical fiber 54 or the reflection mrror,
respectively, and.then ity ansf.ergred tiadthatcall icmat iingcrgBsebde tHadbe
incident light control unit 70 disposed in front of the collimating | ens 53
control s ;the wayghepgth ofiffleNs t ¥ofHi®ion in the optical system

10 according to the present invention;
Fig. 11 is a graph illustrating a simulation result of
the optical system according to the present invention; and
Fig. 12 1is 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 independernt light sources; a step of detecting



the light irradiated to the pattern. In nore detail, the incident |ight
control unit 70 includes a first refracting lens 71 and an incident filter
72. The first refracting lens 71 15 refracts light emtted fromthe
illumnation unit 50, so that the refracted light is irradiated at a
straight line on the patterns P1 and P2. The incident filter 72 is disposed
between the first refracting lens 71 and the flat plate 60 to control the
l'ight incident on the patterns Pl and P2. 20 The first refracting lens 71

i s conposiédesttegenens hb¥ithg wHacteey| frder ¥6r mttRat hasna 489 @

| ight-entering surface and a convex light-exiting surface. Therefore, when
t he |i ghtsdrsariciaiehta opteheocfefangdtyenny| he 7eLecked| ilgahti $onsotain
refracted, but when the light exits the refracting lens 71, the light is 25
refract edanalysisl nndddinet oo, t be anctdedetdinirer 22 matee of gdwertdlinfil ter
of neutral density having no polarization property, or a polarizer having a
pol ari zatfiidmsproperty that can change the polarization state of the |ight
passi ng therethrough. 5 The sensor unit 90 includes a linear sensor 91 and
an AD convert erirDZhelhea ghicneaiusensorord ktiep, mvabkephesizbatad [pe raadm
detects light reflected fromthe patterns Pl and P2. The AD converter 92

di gi t al i zesredid-Wdingplaays ralsiognahegenendt €€l omnd he dndeaveslenseh 9. 10
The reflection light control unit 80 includes a second refracting | ens 82
and a detwd i0n udihbeea8liglhe seeond defuract tRg LeHSASZ: i sndlispasete

bet ween the |Iinear sensor 91 and
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 1light source.

That 1s, the irradiated 1light, whose incident axis

15 deviates from the central axis of the 1light source by
horizontally moving the 1light 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 is Irradiated to deviate slightly from the



the flat plate 60 to concentrate the reflected light to the |inear sensor
91. The detection filter 81 is di sposed between 15 the second refracting

|l ens 82 and the patterns Pl and P2 to control the quantity of neasurable
light. The collimating lens 53 and the linear sensor 91 are disposed to
obliquely face each other. The |light source 51 can be nade of an optica
fiber or an end light el enent extended in 20 one direction. The col or
filter wheel 52a is rotated manually or by a notor, allow ng easy

nodul at i BAt8F2t xRl gt R16FO$HEPS nci dent |ight. The col i mating |ens 53
and the linear i sensor 91 are noved horizontally using a driving device
that is drivenOBy tecohthed] g notn shbanfhipsiThe deeeratied r BBENPT | ens
82 is conposed of a half 12 sphere convex |lens with a convex

| i ght - enteei Ag obdr faeercatd and| ghel igmsogxiaisigdsappaee, tehefatyy eaeh
incident light is refracted to be concentrated to the center. On the other
hand, itotkepredezabiet ttw formlepe tiet peth omf 5tHa | tight8 f roimk éhehéigmci dent
filter 72. That is, the detection filter 81 is nmade of a general filter of
newrral densté¢y bavihg fdapopartzaviom phopestly, odbr the pbdbight zero helte can
change the pol arization of the |light passing therethrough. In the thin-film
i nspect i anadeyiges havigig seeboa. 10 configurati on, when inspecting a flat

pl ate on which different kinds of thin filns are fornmed, inspection

condi tions canrbg.conisoil esrspertife foklovwhow iy ageduidnf \hirkei passt ng

t hrough the color filter 52b of the wavel ength nodul ati ng means 52, 1|ight
emtted them thenlight 1& SRWtGen5ldksiehangeshidinmvelenghlk apdesent
transferred to the collimting lens 53 via the optical fiber 54. Then, the
col l'i mat kpgehensnirradiates the light to the patterns P1 and P2 on the flat
plate 60 via the first refracting lens 71 and the incident filter 72. The
fiypt refracting |ans,71iserves. to, 20fef ragth they nehdents ddghbetocbe
irradiated at a straight |ine

includes a flat plate 60 on which patterns Pl and P2 composed
of thin films are formed, an dillumination 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 light 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 Dbetween 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.



on the flat plate. The incident filter 72 controls the quantity of light to
be incident on the patterns P1 and P2. The light reflected fromthe
patterns P1 and P2 passes through the detection filter 81 and the second
refracting lens 82, 25 sequentially, to reach the linear sensor 91. The

| i near sensor 13 91 detects the light, and the AD converter 92
digitalizes and displays the detected signal. The wheel 52a of the

wavel engt h nodul ation neans 52 is rotated to change the color filter

t hrough whi ch #R&eli §he Blpassediophapéby SRodnd athhgsarrenaveiteA§t Aref the
light. The collimating lens 53 is noved along a straight |ine by a notor
(not showdpprpeefi el poddavedy theei aefldenthangbesasf toharaingieri Adodent on
the patterns P1 and P2. In addition, the |inear sensor 91 is al so noved by
a |inear emdtoed( dotoms hgwn) 1t bumistaggonl Qutiie pef tectdd | $girar Thelopf? nal

i nspection condition can be determ ned based on the position of the

col |'i mat waghbenscs3sang 4ie swvevdlapnipehwobnt hieei e ddtt [liightt geter anded by
the color filter 52b. Hereinafter, the operation of the thin-film

i nspect i ahelbefbytced anthhmetdaat.o- the present invention is described in

nore detail, together with its theoretical principle. Fig. 5is a
conceptual vi ewni bhusthiahj ngha 1kEGhiingteodseadit nso hes piaseded mveabilon, and
Fig. 6 is a conceptual viewillustrating the key point of the technique

used in tihe teeseiti 2 tanventieeniodhesenf irgypest shewrhbabpikweaor arpEe | i ght
sources, which can control the wavelength and intensity OP i ght and

i1lum natsg t BRati gftis %&u&ﬁereaﬁguéﬂCb@enﬁh@ngll%t ak gcugeGk t @reconpeol the
interference intensity, thereby determ ning optinal
incident light <control unit can be controlled using the
10 movement of the illumination unit 50.

The illumination unit 50 includes at least two 1light
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 is transmitted and its
wavelength is modulated.

The modulated light is incident on a collimating lens 53
and then irradiated vertically to the incident 1light 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 orcer 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



i nspection conditions. 25 Athin filmfornmed on a flat plate with uniform

t hi ckness 14 is called "pattern". Reference synbols P1 and P2 in Fig. 5
indicate two patterns, respectively, with different thicknesses and indices
of refraction. As patterns have different thicknesses and indices of
refraction, they have different 5 interferences. Reference synbols LI and
L2 indicate |ight sources, respectively. Each |light source can adjust the
light irradiation path using the reflection mrror or the oRticaI fiber,
and has &i&Féci etV efERPL Hhchat BEtler PSYTESS 0P lc PP BRfjUsENEReIMaEFengt h
using the filter. 10 LSl indicates a half-cylinder convex lens with a flat

| i ght - ent@&liofg fadEraseS dnd pdiBmidrgl FHyntwassd taneghsoff blee, 1 &afk LS2

i ndi cates a hal f-sphere convex lens with a convex lightentering surface and
a flat |ight-efncfegablyf acée Uiights petbmadiesitigbt systeved sLlccampdse2 ar e
collimated at 15 an angle A~ froma vertical |ine perpendicular to the

i nspecti af sanf ageiglk 1t hEilpat t éAn, canrercgetihéoatnglem Adhearf doatadpfisted
differently according to the inspection target. The collimted |ights are
congent r ateet leagahstwdighat ihdg necars te amspect i orarswif age tdsouigh ttihe

hal f-cylinder lens LS1. The censor and the 20 illum nator are disposed to
obl i quel yidrac&3eaeh athbsastswrms redletbvi@vetriraprt.he i ncident |ight path
with the reflected Iight path. In addition, the interference degree between

the internal refil@et i ddeghtfddmx)trandl idte exderaml 51 efikectdrenckieghtor(ly)
25 can be adjusted by adjusting the irradiation angle with respect 15 to

the surfaceieltkhe Wat tedd). opeadiihi Feoeri 94 Bri ldnestratiesta obr inlGiRle that
the incident angle is changed according to the light collimation position

det er i n%é@écttheem?r | zeat @leMmvamBRE r 0hq the ﬂHeﬂle@iﬁQ‘e‘fﬁ?sléﬁls and L2.
I nci dent |ight para [el to the optical axis passes by the focus point of

thegl ens LSL. lyght; £nihicNg e edge -Ber Lhep ab tdﬁ%gb%@é, S igfehdent on

the surface of the inspectiontarget with a large refraction angle, and

light entgfd N 14NGaceALC Rl EHE4ANS IS thRClL A0 e O NG SHILAEE 9 o5

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 suxrface. Therefore, when the light ais
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



10 the object with no refraction angle. Fig. 7 is a conceptual view
illustrating the light traveling path in the present invention. Figs. 8a

and 8b are graphs illustrating constructive and destructive interferences,
respectively. 15 That is, light irradiated to the surface of the pattern is
split into two reflection lights, one being the external |ight and the

other the internal |ight, which travel along different paths. The
interference degree between the two reflection lights differs according to
the incident ahgl &b iRanelye ateotdtHy foltde ﬁaas%abété)?esa offepRE2t wo
reflection lights, the interference degree differs, that is, the resulting
| i ght beédhbSrbef ght'ekray deaskéy ASVERBWRC i PR gsatdenamgoBBriyn wore
detail, when the internal reflection light Ix and the external reflection
light |yralehizdie bamengadel Mgt zaidoRrs preeeshvre thhasecady echaidectiedl from
the surface of the pattern, 16 they interfere constructively according to
the |i ghvtosaperposin igmter pAictptel it theescont theystwhamh-he two |ights |x
and ly with the sanme wavel ength and opposite phases are reflected fromthe
sur¥ ace of theTpat tensortheit | M etdcneles dedtineeti sehyoac@dr dnaigat cAD he

| i ght superposition principle. The quantity of |ight incident on the
pattern canvbeceond? ol I®e hyneant sehkbngol hes hidwtiressrafzohhell i ghtd sour ce
or by using the filter. Reference synbols F1 and F2 of Fig. 5 indicate
filters tbatceontightt herguantdt ¥roh ikRei gaftebhght11Q@randd he guanipty of
measurable light. The |ight sources L1 and L2 can be noved in the
directiopsn¥dreed %2, dcapdtbhezadghes Bhsgnshd2; asegehangedeageoi dipgnto the
novenent di stances of the light sources L1 and L2. That is, the incident
angl e capnhbe] agsir adglapcontroll ed 15 with the novenent of the |ight
sources L1 and L2. The present invention provides an optical systemthat is
advant ageous | BnERaSYN LR oh NIREREI RGnt2BE MRALT &Y NoLL NG esercelalsence,
short age/ excess, and thickness variation of thin filns, wth different

Lhi cknesses yat fiof Ml osaredaon 2 20 LLatogubshance, o or 1 ofipd a8,
pattern thereon. The agvantageous measurement conditions are as follows.

(2) Brightpess: didfenence belvaen the patienn and {ife hackgrgund i s,
sufficiently i'ncreased in order 1o enphasi ze shortage/ e€xcess, an

presenceigbsence alidde BA!EEM LokRntRhe B kAR T LLLberANER DS vERD

het er ogeneous "pat t'ern

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 guantity 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 coleor filter wheel 52a is rotated manually
or by a motor, allowing easy modulation of the wavelength of
the incident 1light. 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



is sufficiently increased in order to differentiate between regions of the

pattern.
t hi cknes

el evat ed.

(c) The change in the detected light relative to the change in

s and index of refraction of the pattern is 5 sufficiently

When light is illumnated with a specific incident angle to a

thin dielectric filmwth a specific thickness forned on the surface of a
e, the average intensity of detectable light and the change ratio

subst anc
of the i

ntensity relative to the 10 thi ckness can be obtained by the

f ol | owi ngPBgEat FeRVEx leEguatibnal converx Highp-entgeby 4swelacc Bl 4 ~. +~t)
=8 (Ixly)~cl~,~n,cosB,, ~sin(4~~n., T~cosB., | ~,) 15 Here, A denotes
ﬁéagthlt@ht+ﬁ¥ﬁtd@gdeﬁurfagﬁx, W8TE rglNot ke r ef 1Giciaron éhghe,.and | X

SIIB(T)
t he wave
and ly d
l'ights,

addi ti on,

enote the intensities of the internal and external reflection
re$pected ety beTheseenarabdd e gdre lpenegternal |y adjusted. In
T and 20 nT denote the thickness and i ndex of refraction,

respecti vely. Theskevatrhabllesndretf s phefenspeetionidar géte ddecetnadft er,

t he cond

itions (a), (b), and (c) are called "inspection condition". For

cortveni ericétof amally&esthet ingidestunédltbat 72x/ Tgat 1s, andeanieequt vah ent
S zis 25 defined by the follow ng equation 2. 18 - Equation 2

t hi cknes

z=, T 5 I miaddrt 8§onisthedd nspectddrredndil tonscf ajeut(dy)l, cwmditg) heande

expressed by the follow ng equation 3. - Equation 3 |~(~r,~~) r=ri > |>>

| ~(8~., ~mb FNarzzk2idN
r=T~ >Q1I,-to >8,, 1I,-

10

20

25

8
polarization of the llgnt passing therethrough.

In the thin-film inspection device having such a
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 color filter 52b of the
wavelength modulating means 52, light emitted from the light
source 51 1is changed in wavelength and transferred to the
collimating lens 53 via 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
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,

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

13
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Here, 10 denotes the quantity of background light, and I1 and |2 are

m ni mum quantities of light required for 15 differentiating the pattern
respectively. bl(i=1,2,3) is a constant for defining a value sufficient to
obtain a contrast. Constants QL and @2 are m ni nrum change ratios of

i ght-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 deternlned to a high value if not causing a false defect. In the
prior arPi BRESFEFuRhRatorfs a88dheafPoGsNKPRHET oP2| PAREtEbLFRRs2 % e used
as needed.for faC|I|tat|n the inspection of the surface, or an old optical
i nstrumefit Shiaey U GietEc éséh@@@ﬁ is utilized for the inspection. These
prior art 19 nmet hods are very difficult to increase the relative
sensitivity of Thhewpaeledbaa of cimovacopmanint mdrbtlertdgenevsug spdid erhs.
When two or nore kinds of patterns are fornmed on a substance, the patterns
have di f teftentd opboi nelhangespebei amloondf titeas. thrédegior dhnghy,then thehtpri or
arts, it is difficult to select the values 11, 12, QL, and @ that satisfy
t hé& condptbsas pf thheelequabidahaBingv thet waveaechabhesf( &R% Wghtand The
selection is inpossible in some cases. Figs. 9 to 12 are graphs

i |l ustratbbhyisdtidatiais resul  smdGesvhehodess r etra @pection epndi hooos
cannot be determ ned using one illumnnator. Figs. 9, and 10 shows the

intensitynet kERb@Kfefeneendi @htomiidl respeacicidenthaenyetsasti eRcanghe: in
t he case when ?~=500nm and T= 1700A, and in the case when A=500nm and T=

2800A, 15nregpect bMekye IgutiRirpssipmulald omm, fofrncapdeniencerRé anakysis,
the index of refraction nis fixed at a constant, and T is changed. Wen T

- 1700A, sggsshoyn {4 éf@bSﬁ&ﬂﬂﬂb@f%pﬁlﬁéafqﬁbté% FHB%'éNSW%Qt%QHdEQQQtt'OH
is satisfied when 6T < 38. Howevér, 20 when T = 2800A, because of

regqui remepk tr'%%ﬁeb%& 'l%gh@s shqun ob@lllr:uhg ih@petfiford NSREELH Qh condipion is

sati sfi ed when ased on the sinmulation result, two cases can be

cos oo i et el R hvand o Buricam. e
val ues. @ﬂgekg%%%gﬁgtﬁhb%I?ﬁé“%%&ldént ffﬂ%t %%mermlned 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 is 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 light 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



- Equation 4 B, < Bo 5 In the Equation 4, when the index of refraction 6T
is too large, total reflection can be generated on the surface of the
substance, or the instrunental problemoccurs. In addition, referring to
wavel engt h- dependent characteristics of comonl yl0 used photo detection
sensors, ?.,r,1" is about 400nmand | ~ma, ~ i s about 600nm Figs . 11 and 12
shows intensity of light with respect to (8T, A), as a sinulation result.
As can be expected, it is inpossible to determne a value (BT, h) that

sati sfi esSt Het 15 nsPREt$Bh -condt 16 GFestritd® abbvandNdrel 37 Whén one
illumnator is used, the condition is inevitably determ ned so as to
enphasizén§ﬁéatﬁiﬁWPiPﬁFtFE@Sth¥%§9&9¥%YSJYthElb¥e§éﬁfe¥¢ﬂﬁﬂﬁhkﬂ¥n§ﬁéﬁﬁdes a
thin filminspection nethod wherein at |east two separated |ight 20 sources
si mul t an@dds| ynidicgdi atcd | ingHirg i oh- di f fAY enpat rRzingdenthaiifyl b falentt wo
lights with intensities Ix and Ix are incident on the inspection target
with diffiérieknesaebdemd angidesest hef e e raotion er fréregnckhapet widifetrhatt wo
incident lights, and the neasurable intensity of light is given by the
folow ngrn2eréquancen. 5. Rdferendequaymonlsd Li111dnd x #H2y- ixdbs{e-c1Z2gb0SB, ~
/~,2)-1ycos(4~~z~co0s0,.~./~.) =2~|.~sin' (2~~z~cosB,,

[ ~1) +2~| yiur'ced+~zecpedtivel y. 2Fabh| Digddi sboncet henchangetr aheo labhtm wi th

respect to z is given by the follow ng equation 6. - Equation 6 10 8l
18(z) = 4relakixbktioh pa0@SOusing SkRé4reflacti6fs MBrrot /or, the+ dptikat, 2 ~
cos 8, ~, ~sin(4rc ~z ~cos 8,~ | ~ 2)]

fiber, and has a specific wavelength characteristic, or can
adjust the wavelength using the filter.
10 LS51 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 Ll and L2 are collimated at
15 an angle 8 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



As shown in the equations 5 and 6, when a satisfactory inspection condition
is selected for one thin film and a 15 inspection condition is selected
for the other thin filmin the same manner, the inspection conditions
beconmes satisfactory for two different patterns. As shown in sinulation
results of Figs. 11 and 12, when lights fromlight sources L1 and L2 are

i ncident on two 20 patterns of T=1700A and T2800A wi th incident angles
8T=380, 8T=450, respectively, and the reflected lights are detected by the
sane sen$6r thehaubkigmiGieddicargttme’ change ratio that satisfy the

i nspection condition can be obtained. Simlarly, controlling of the

i nci dent angl e¥eanvhidef f efieht - viavéllangthapss| j ghtrridldiows | tbpéasehof t he
bri ght ness of the two patterns, 22 as well as decrease of the change
rati o. Adnappanentnpiemitsheclzbmesl desoridstidon;o i hhe hé ighin-ddlllimahspect i on
met hod and device according to the present invention, there are two |ight
sources phatttam ceterolintte iy wavel epgthoandl t heveneensidfy ofie | ilgbht and
illumnate lights with different incident angles so as to control the

i nteer f er enpcecest Bhsaty Ahd detcdrdenne lopht npdrahispedid dmec apdiithdnsxis her eby
obtaining a reliable inspection result also when various kinds of thin
filns areakeepedyonha patter poidd &fttioeighetdhelpr ef arigd embedingnthef the
present invention have been disclosed for illustrative purposes, those
skill ed edgehe@aftion |df appeedicake idat nyadérausonodnki caldfonrs, a@ddihéons
and substitutions are possible, w thout departing fromthe scope and spirit
of the inyeRLEENoRS @irg@losgdii nat hea AR ageerRanydig aebaks. a8 1iYHAT 1S
CLAIMED IS: 1. Athin-filminspection nethod conprising t he steps of: 5

irradiat%ﬂ@e@iﬁ&“%ﬁ%!%ﬁn@érlEghkﬁeFQeﬁsfthiRE@H@n{nghugh@gshggéggnoﬁ thin
film the lights having different irradiati on angl es and bei ng generated

frama plupabbtycof, ] ighto sQunses:ofelggtd ng an interference Iight
reflected fromthe thin
Fig. 7 is a conceptual view illustrating the light
traveling path in the present invention. Figs. 8a and 8b are
graphs illustrating constructive and destructive interferences,
respectively.

15 That 1is, 1light 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 lights 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,
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10 filmusing a sensor; and analyzing the detected light to determ ne the
state of the thin film 2. The method as set forth in claiml1, wherein in
the 15 light irradiation step, wavel engths of the irradiation |lights and

i ncident angles thereof are controlled in real tinme. 3. The nethod as set
forth in claiml or 2, wherein in the light irradiation step, the incident
angle of the light is 20 controlled by noving the |ight sources

hori zontally. 9, The nmethod as set forth in claim1l or 2, wherein in the

| i ght deFBng i ont St S SmagECRBhEFE F WYY of 25C8peERY i ¢ Kubst&fice ¢a¥be
controlled by selectively detecting a 25 wavel ength of the reflected Iight
obt ai nedSByeERPt ol MF a2 Phghthes6qrEesrys. Wire Feehbdcadigetsforth
in claiml, wherein the Iight sources and the sensor are di sposed to face
each ot hér somchsIB matht ctlovepbap aavehendent anfgmppsstivef rgmadse &ight
source to the flat plate with an reflected light path fromthe flat plate
to the sensbect&d Andm nthel munfspect pbn evi pettonpri sihmy 16@tarféat plate
on which patterns having different indices of refraction and thicknesses
are& formedstanctlvaily ratdoaningi tofdte ililghm sapengosigidn tporitnkeeppat t er ns,
the illumnation unit being able to vary illum nation angle of the light;
15 an i nci dent Theghtuacarityol ofuiniltgdt sposedebhet weenthde paklcerhnatanonbaini t
and the flat plate for controlling the light to be incident on the

patternscoatsensed wyidorftoldehgcthagbaigleflent iam dheghti ghtovtihee patt er ns;
20 a reflection light control unit disposed between the flat plate and the

sensor upiyt JsAhgCoMd of | it .t herd fghdnde0 Henddatsecteday the cyensay. unit;
and a control unit for controlling novenent of the illumnation unit and
the sensg@nauBhte 25128rs that control the quantity of incident light

10 and the guantity of measurable light.

The 1light sources L1 and L2 can be moved 1in 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 is, the incident angle can be accurately controlled

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

The present invention provides an optical system that is
advantageous 1n measuring, 1inspecting, and monitoring the
presence/absence, shortage/excess, and thickness variation 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 increased in order to emphasize

shortage/excess, and presence/absence of the pattern.

25 (b) Brightness difference between heterogeneous patterns

17



7. The device as set forth in claim7, wherein the illumnation unit and
the sensor unit are disposed to obliquely face each other. 5 8. The device
as set forth in claim6, wherein the illumnation unit is disposed novably
in horizontal direction so as to control angle of the light incident on the
incident light control unit. 10 9. The device as set forth in claim 6,
wherein the illumnation unit includes: at |least two |ight sources being
able to control wavel ength and intensity of light; wavel ength nodul ati on
neans di dFos®e FIFHFOAY of "EERATSE 1B tHECE gbt SOdLEESTFoOR T alFth§ehhe
wavel ength of the |ight passing therethrough; collimating lens for allow ng
the |ightrepientt e War etad§rR -nodul ati on means to be incident vertically on
the incident light control unit; and 20 a |light path control system

di sposed bet wedf)t Heh&oFhangt i g | € drgethrd wakehengii arddel ate oAlereans
for controlling a path of the light irradiated fromeach of the |ight

sour ces. <2B8ngl. iTheéhdekineesasndetinflort bfi wecrarm @y whetbenpreheels is

wavel engt h nodul ati on neans includes a wheel rotatably disposed in front of
each of tshéflicgbhtspurloesteand color filters having various different
colors arranged in the ring formon the wheel. 5 11. The device as set
forth in clai mM@enwidpgaitnithellightatpad hwiconta odpesyistiem imdldedes aaglept i cal
fi ber connected between the collimating | ens and the front of the

wavel engttho npdiniat i @ereansc 1A 1k2.withe desgeearas setickaekb ifbratai on9,
wherein the light path control systemincludes at |east one reflection
mrror. kmeld3urFheedeyi §es@Ssificd, ordHe iaehat M zedied £idE I acabdent
light control unit includes a first refraction lens for refracting the

i ght emititbed farem the thhygd nabicep WH trded Derdddiadi abethon,oOngs skhai ght
line, and an incident filter disposed between the first refracting |lens and
theg flat Wplidkeedd £9% KOMY@liheRgpguUant | £31 19fvithBeehhgptiohnel dent on the
patterns. 14. The device as set forth in claim I3, wherein the first |ens
includes a half-cylinder convex lens with a flat 25 light-entering surface
and a convex light-exiting surface. 27 15. The device as set forth in
claim 13,  whereip,the_incident filter includes a polarizes filter. 5 16.
The device as set forth in claim®6, wherein the sensor unit includes a

| i near se §9{+BP'99339&§@H§?FE§%7VQKT30”ta' direction and detecting |ight
reflected firrom’t he ! "

ol 16(T) = &R]xly);z/ﬂ -n, cos@,, -sin(4x-n,T-cosf, /1)

15
Here, A denotes the wavelength of the incident light, 6¢
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 nr 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.
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patterns, and an AD converter for digitalizing and displaying a signal
generated fromthe |inear sensor. 10 17. The device as set forth in claim
6, wherein the reflection light control unit includes a second refraction
| ens di sposed between the |inear sensor and the flat plate for collecting
the reflected light to the Iinear sensor, and a 15 detection filter
di sposed between the second refraction lens and the patterns for
controlling quantity of measurable light. 18. The device as set forth in
claim17, wherein the second refraction lens includes a hal f-sphere convex
| ens vvlth 20 a convex light-entering surface and a flat light-exiting
surface = Eguakendevice as set forth in claim17, wherein the detection
filter includes a polarizes filter. 28

. A9. A% ATAYE A% A% A A A A A% A A AAAA%AAAAAAAA A A 2pZ289NOBt .
w
o| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] ca] ca] caUl ca] ca]ca]ca! 9 " 3>?EFi
%&\3} xsni d_Z] ] cahcafidat ta cativa] tadma]tdajnc aovalicapoa] ¢a) cal(ba] cahdalecp] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 7n#”
K8GHv| 49ghtdba serxprAdechbyafba] £a] tafiva] eajealica) 8a] ca) ca] ca] ca] ca] caj] ca] ca
] ca] ca]ca] ca] ca] ca] ca]ca]ca] calca]calca]calca!)ajk I#
"L ##$994 wr mhe” Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca! W&E;
&C&l &MB&<" Bghiaf Adz ({5) ) *~****S++++" , Kk, , X--.}xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]c

232h2223V\2§§%§44J] 5'c5556K666“6 J7|’(7)}‘TXTS7I’1I d Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]c

ca cajyta | ca] ca] ca] ca] ca]ca]ca]cal k7777! 8a88
ggggg lwlsﬂbﬂ,iﬁ:)&a@, abrARa) o8),cabagl cal cal

I SO r>§§< ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calc
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Constants Ql 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 if not causing a
false defect.

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

of light 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
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1109%0& ( pgUd 0¥’ B) - Wie¥HD&Wo) -JakO¥p&ek) -(0r,, A), and the selection is
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Figs. 9, and 10 shows the intensity of interference light
with respect to the refraction angle, in the case when A=500nm
and T= 17OOA, and 1in the case when A=500nm and T= 2800ﬁ,

15 respectively. In this simulation, for convenience of analysis,
the index of refraction n is fixed at a constant, and T 1is
changed.

When T = 17OOA, as shown in the second graph of Fig. 9,
the inspection condition is satisfied when 8 < 38°. However,

20 when T = 2800A, because of requirement that I, > I,, as shown in
Fig. 10, the inspection condition is satisfied when 0, < 41°.

Based on the simulation result, two <cases can be
considered. One case 1s when the wavelength 1is changed to
overcome the problems, and the other is when 8¢ 1s adjusted to a

25 wider range of values. Nonetheless, this method is limited.
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&C&&E&<'D ' ' N?~ @0 0o '10%& ()-!1SUO0%HHE () -s10%H& () -3 10%& ()-!4
FOLO% HAM& GY, , LOYER (2 f1EAL Zdr S3ardBre @dheat YO YHHE W) <8t F 3088 r (L hy & 10%H
& ()-s%$%40%K () -
substance, or the instrumental problem occurs. In addition,
referring to wavelength-dependent characteristics of commonly-
10 used photo detection sensors, Amn 1s about 400nm and Apax 1S
about 600nm.
Figs. 11 and 12 shows intensity of light with respect to
(8T, A), as a simulation result. As can be expected, it 1is
impossible to determine a wvalue (06T, 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 between the two incident lights, and the

measurable intensity of light 1s given by the following

25 equation 5.
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In addition, the change ratic of Im with respect to 1 1s

given by the following equation 6.

- Equation 6 -
10 Ol 16(ry=4n[Ix/Al-cos@,, -sin(4x 7 -cosb, [Al)+

Iy/A2-cos@,, -sin(4r 7 cosé

Ty

/A2)]

As shown in the equations 5 and 6, when a satisfactory
inspection condition 1is 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 1light sources L1 and 12 are incident on two
20 patterns of T=1700A and T2800A with incident angles 6T=380,
0T=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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%0% : & (NSPEOY4@n () meibpr10RBESCIBVECEIBRCIY¢ing to  the present
10M @&$%409%& ()-1"110% & ()-f
10% & () ih¥e9s &on) - ¥he@%s &XE) -1S9%d 094 gh ) sDEEREELRPEN ReB7 Glontrol the
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with different 1incident angles so as to control 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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irradiation angles and being generated from a plurality of
light sources;
detecting an interference light reflected from the thin
10 film using a sensor; and
analyzing the detected light to determine the state of

the thin film.

2. The method as set forth in claim 1, wherein in the
15 light irradiation step, wavelengths of the irradiation lights

and incident angles thereof are controlled in real time.

3. The method as set forth in claim 1 or 2, wherein in
the light irradiation step, the incident angle of the light is

20 controlled by moving the light sources horizontally.

4. The method as set forth in claim 1 or 2, wherein in
the light detection step, image sensitivity of a specific
substance can be controlled by selectively detecting a

25 wavelength of the reflected light obtained by controlling the
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not to overlap an incident light path from the light source to
the flat plate with an reflected light path from the flat

plate to the sensor.

6. A thin-film inspection device comprising:

a flat plate on which patterns having different indices
of refraction and thicknesses are formed;

an illumination unit for illuminating light to the
patterns, the illumination unit being able to wvary
illumination angle of the light;

an 1incident light contrecl unit disposed between the
illumination unit and the flat plate for controlling the light
to be incident on the patterns;

a sensor unit for detecting a reflection light from the
patterns;

a reflection 1light control unit disposed between the
flat plate and the sensor unit for controlling the light to be
detected by the sensor unit; and

a control unit for controlling movement of the

illumination unit and the sensor unit.
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5 8. The device as set forth in claim 6, wherein the
illumination unit is disposed movably in horizontal direction
so as to control angle of the light incident on the incident

light control unit.

10 9. The device as set forth in c¢laim 6, wherein the
illumination unit includes:
at least two light socurces being able to control
wavelength and intensity of light;
wavelength modulation means disposed in front of each of
15 the light sources for wvarying the wavelength of the light
passing therethrough;
collimatirg lens for allowing the 1light from the
wavelength modulation means to be incident vertically on the
incident light contreol unit; and
20 a light path control system disposed between the
collimating lens and the wavelength modulation means for
controlling a path of the light irradiated from each of the

light sources.

25 10. The device as set forth in claim 9, wherein the
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5
11. The device as set forth in claim 9, wherein the
light path control system includes an optical fiber connected
between the collimating lens and the front of the wavelength
modulation means.

10

12. The device as set forth in claim 9, wherein the
light path control system includes at least one reflection
mirror.

15 13. The device as set forth in claim 6, wherein the
incident light control unit includes a first refraction lens
for refracting the light emitted from the illumination unit to
be irradiated on one straight 1line, and an incident filter
disposed between the first refracting lens and the flat plate

20 for controlling quantity of the 1light incident on the
patterns.

14. The device as set forth in claim 13, wherein the
first lens includes a half-cylinder convex lens with a flat

25 light-entering surface and a convex light-exiting surface.
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incident filter includes a polarizer filter.

5 16. The device as set forth in claim 6, wherein the
sensor unit includes a linear sensor being movable in a
horizontal direction and detecting light reflected from the
patterns, and an AD converter for digitalizing and displaying
a signal generated from the linear sensor.

10
17. The device as set forth in c¢laim 6, wherein the
reflection 1lighz control unit includes a second refraction
lens disposed between the linear sensor and the flat plate for
collecting the reflected light to the linear sensor, and a
15 detection filter disposed between the second refraction lens

and the patterns for controlling guantity of measurable light.

18. The device as set forth in claim 17, wherein the
second refraction lens includes a half-sphere convex lens with
20 a convex light-entering surface and a flat light-exiting

surface.

19. The device as set forth in claim 17, wherein the

detection filter includes a polarizer filter.
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