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Abstract

This special project is a study of surface roughness and 3D surface profile of
materials on blue LED vertical scanning interferometry (VSI) . This method of
inspection is non-contact and non-destructive, so it can be used to check for surface
that is sensitive to the touch. The special project uses the principle of interference of
Michelson’s Interferometer by providing high-intensity blue light emitting diode as a
light source. When the object is driven by a Piezo Control at the nanometer level,
the resulting fringe pattern is recorded on a CCD camera. The recorded interfering

image were analyzed by Matlab program and displayed in three-dimension.
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wnINaenIziinvsely INg1gA1INTINISUNSNAanaztAald narteLiuLERsdasiaTlsAe

AMUEILABLSUNYDILAS[2]

2.3 Vertical scanning interferometry (VSI)

s

nMineinmTInIsuIngamiteadvamlasssaiuiinfan uilnaieis usis

1 8 o

Vertical scanning Interferometry Wuau1snimsgitaenazlifidesndinitiiuia n1s
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AATIEIRE Vertical scanning Interferometry ULATILATIZAAIWIINITUNSNADAVB LAY
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2.4 WWannan dumasnsadines (Shear Plate Interferometer)

Bedwan (Shear Plate) ilugUnsaliildlunsmsnvaeuamnuuunuvesduas
(Collimation of light)

5U 2,12 Shear Plate SI254 93U3%n THORLAB

2.4.1 NSNNITHIUNUF Y0 T Sinan

\iosguIUrRdntuNNIENUNLY 45 e avifinnisazviaudeinTaiiutuwan

o o o

(Plate) ﬁﬁfuauL’ummwwmmﬂﬂ%wﬂﬁﬁwLLmﬁazﬁau%QﬂLLEmaaﬂmﬁéf’m%"m Geusiwan

= 1

gnafralilinisazviounasinufioaiunti wagarundafuiliduniafuiaiunnaiaiu

FUEINU daNalyinsIusAd N stauuAuToE La LN LA AT U WS NE LA URS S
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“ shear plate
beam §

1st 2nd
reflected reflected
beam beam

screen l
intersection with

interference pattern

g‘dﬁ 2.13 Shear Plate Interferometry
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a o = i .
2.5 Welwdannsn (Piezoelectric Effect)
Lﬁa'T,ﬂu%L'Smn%ﬂﬁais‘uumﬂiuiaEﬁa%’ml,asaxamwé’&mummmmwuawuuﬁui’aﬂ
lagaziuapunasanuaatainnisiedounvidundsaulni Weleddnnsnanuisansioss

WIINAFT LY USU ALLSS MSAU Lsaaen vieusanszvhiug Idaduiag udiudey
wasnunan1ee andlmdundsnulni luniandudu daldndaulniuniagid

e & = a g a @ o @ a @ @ o LY o [ =
AuanRluiielediannsn Yanuufszwasundanulwiidundnunaldiguiu Yand

[

AuandAduieledidnniniivaresiin Wy a3ada wsdin Indwed Fansthluldluausi
maindmnssudainy wu llesiwuinedudeswasivle fsudyyraveusiossansiond
1A309R5I9TANIITIN INUURENAYaNG (Quartz Crystal Microbalance - QCM) #ifinns
Usggnalilunisnsainarstalaanadiuiuuin viednsiatause Wudy uasiiddad

9 a & vad g 4 o
LLu’ﬂ.uﬂJﬂJ’]ﬂﬂ@sﬂi‘lﬂ@ﬂq{LﬂLwaLﬂULﬂﬂqwa\jﬂquﬂﬂ[4]

SUT 2.16 ieledianvinulasunssnnlwindundsalnii

2.6 #tR3ULNA (strain gauge)

AATLING (strain gauge) Aawtasflafldlunisnsaafausaiaeden(strain) vaaing dau
Tngjansung whaduaalavswnadnuatugusesegsguiitiuauy uonNudy
fiansuinauuugUnsaifadniise dalianuliganiuasatinidnniuuvarnlans usis
FINWHINTUIUAY  @WTULND dnsawusesnlaly 2 wuu Aewuudafa (Bonded Strain
Gage) wazuuulidnfin (Unbounded Strain Gage) Seansuing niassilnasilidnunzuns
lasvafrauaznisinudingreiuiie siveduaindng unldemuuaziiluf fuTngi
ARINIRTIRIAAULATER

2.6.1 wé’nmiﬁungmﬁmiumﬂ (Strain gage)
TdndnnisvosnisnUasuntasararudunuliiiaaeluduain Wenas
psrafamaien (Strain) Tiintuainuseiisnnssyiuuduannt amsung dnsldenly
nsa9TnlAg1eni199919 1y AsTatindn Arudy wsndna ulenisiedeud

(Displacement)
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deamsuinagnadlvgnesn anugmvesdualnaziniuluvasniuiviigm
LANAY NANADAINLATUYNIUYBILAUAIRILNLT UL DI NANA U UlanedtELUT

AlABATININAINNEILAL LU TATHNRUAUNUNNTNGS AstuTadsuiduaunisatinaians

LAMIAELIUGIATN
ol
R = —
A
l:‘!l a 1 L4
Weo R = anuamunuvadamsuing e lavy
p = mAnudumuAsivesialane e Tevumng

I = auenvadduann vug Wng

A = NuNnindarsdn11l “uIemITIIRS

2.6.2 MTENTUNINAIUATEAVDIIAG
nsldawmsuina TuniseaiamiueSendngu 1519sRaIsUTUTIIAMNg
NMUATNADIANAD ATAINATUNIUYLDNNT (Gage Resistance) MillasuuladuazA1aa4adl

grmasuulas Feanuduiusseuinedasiiwlsaasditlazunanadudnsidiuiiisania

“Lna Wnwos” (Gage Factor) feaunansainednsae Ui

_ o
RSREREPL
ile | K =19 unmes
R = AuduvaLSusy wiaeTen
AR = erwsnuvauivasuwlas minaleviy
i - ANBSUEY MwAs (M)
AL = anmemdilasunlas wiowes (m)

Tuwauvad AL/Lisraunsaniviuaduniigvasainuasas (Unit Strain) 19

a Eg v & oo a a v ey
dnusunusng G Aniuadsuduaunislalufe
AR/R
ALJL
INNITAUNUYBIEA (Hooke) WRgrAuTnguateq siafivuindifin Jevedl
BN IIEIUAINTENTNAIULAY (Stress) WaEAIULATEA (Strain) 88 T9AIULA (Stress) A

JurulaindunsinrsludenuraVuna1aed AIAINTIFAFIUSENINAIULAULAS
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AUATEAATNNGTBIEA (Hooke's law) HiFundn “duiin1stavavesing” (Modulus of
Elasticity of The Material) W3aa133g13an1 “&delugda” (Young’s Modulus)
2.6.3 MTlUIUALRTULND
ASLEIUTDIAATULNT %aﬁ’]uqﬂmaﬁﬁlﬁmwmﬁmmﬂumﬁmmmﬁw%awm
savecinglaidusdned wu nsinanuriealuniuaivesusiules lnosiazdiena
wswna lWudghaduaunioEfiden1sin wasaenudiuiuiasusag Winaaiu

arunuluraasiiiinszuanss Wetamaauaunuiasuudasluls]

Quarter-bricige strain gavge circult

gﬂﬁ 2.17 Wheatstone bridge

2.7 ynAdeiiAgados
2.7.1 Investigation of a dual-layer structure using vertical scanning
interferometry
FauaueIBnisiivuegiunslifuasdvndedumesisafivosuuunauuig
wlensraaeulasiatauutasiu nsdauasastuegiunmsySuildoulndeduiidsunszan
$reBauazing Wsumnnnszvulazazvieufunssandesuiu Midudunszandredaaging
i lAiAan1sunsnaenvesuas naliinginisiinaueddnenimiiiluninsiaaoy
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3.1 SUUMIESNAMENTUININEaARI8nsEaN
3.1.1 szuunsdauaaioadeduasvuiudsundeiniauas He-Ne Laser
msdnszuunaaiielifuduasunuil Wutumeulunsiliduasivanemeiy
fowevasduasaiiaus liegnseasuduasiiszasinmnaudanievesszuuly
wile duasidinsasiouaviiby awailfuaiidaduanaweslunisnssinnin

LﬁﬂﬁWLLa\‘]‘UU’]uLﬁ@ Q’{ﬂﬂﬁﬂ?’iﬂl?ﬁl@\i LAZANNSOANINISHNINAdR LA

PIEZQ DRIVE MIRROR
HE-NE LASER
LIGHT SOURCE

MIRROR 2

MIRROR 1

L/_LO (]
MIRRCR a5°

LENS
(COLLIMATOR}

BEAM SPLITTER

CCO CAMERA

(n) (u)

JUN 3.1 madauauieasieduaaruin feundeiifiauas He-Ne Laser

(n) AIWSINSUNSNEDR  (v) Block diagram NI9IATEUULLEY
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gﬂﬁ 3.2 MIIATBUULES Michelson interfrometer sgunasnilaLas He —Ne Laser

qﬂﬂ‘aﬁﬂﬁuaﬁsuu Michelson Interferometer Usznausie
1. wnasAdauwas (Lisht source) : wnasiibaudsawesuiin He-Ne Laser
2. nszanuenuas (Beam Splitter) : ilunszanflanuisanenduaseantdu 2 dau Tnouas
anunsanggRIula 50% wasizazsisunay 50%
3. N5EANANUBEUE 2 U (M1, M2) : vmhiTlunisasfeunasuasiianisunsnden
4. ;nSuuan (screen) : gUnsaifilidmIuUnWEmasNsUVsRADARAn Tl LT U
5. audyuwnuIzuU (Collimator) : AMuEIINAE 10mm, 250mm
6. NT¥AINALVIDUYY 45 B9eN
7. 1054 1 9u
8. Wesiwan : TunTisseunisidudueasvunu
iledagunsalfsgui 3.2 asviliuasuduasu Tnenunassiiiauas He-Ne

Laser Tukulseuy Mniuthiaudunuyuinuszuusdesduiunszanuenues (85) unaneld

f
£ aal

Pantunasiiiiauas lnenaaudsuidanueninda 10 mm Weundhvssaudfidninu
g1l 250 mm Tneflaud 2 suigosiiszosvinaty 260 mm la3d (ris) 927908589
laudaaeady udiredenszanuenuas (BS) Tmaﬁ’mﬁ’uﬁﬂﬁﬁﬁﬁ&nmmauauﬁgmmm
sruuuayleda TnedileSaaunsaveneduadiunusenviadnadld 1sannsonsieasuls

1 o d‘ ] € Qs [ o ) = I3 7 %
MNA AR U UdNIAMNEIATE 260 nm Wuduaswuiulpensiidysimaninalivgs
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ludidanuemnia 260 nm flaguit 3.3 Weduasildiduduasmuuthnszanuenuas
Malaglduamuinatanszan mmfuﬂmsmmmm’%’auga 2 U199 Tnssanuiud]
1 unszandreadanasnszanuiuil 2 Wunszanaesiedsiidasnstannussuiiuin 11
nszandedlussuruiderfuwndssudanaiasfnenuas 119ngansetesiaindiu

LA ILLALASLAS NTEINWINWET LAEIRINSULENINATITNUNSZANFI9EN

3UN 3.3 Mmsldidesmannsiasaudiidsuny

(n) NMsTesmanieldnsivaouy

(V) PIWTIVDIEUAIVLNY

dledngunsaiiSusesudr aniliAnamiinmsunsnass Favdnmsian1naans
UNINABAVBITEUU Michelson Interferometry Yy Ronnsiianuas 2 Sumsnaeniu wad
desgoninnuuanianas azgndesludinszanuueuas (BS) waaTiuAsEnunsTanuULa
azgnudsseniliu 2 dau wasdauusn sxdmsqriuludensyandneds wazagaounduluds
nSEANUUILAS UagHunszanuiaaslUSwmnsy (S) wasehuiian sty dsaeviourinamiunszan
wlsnasruluSsnssandiatng uasvzasvioundulusinszanutuas (BS) uavasviousnnds
lUéaniu (S) Tneasimdusanmsunsnaesdiitausinuovadeduiiludlossossinessuing

NIEANUNLEIAUNTEIND DI MIVIINUILEE W UDINTZANUENLAIAUNSLANTI8E 14
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3.1.2N1153M3LUVULES Michelson Interferometry (M) #a8unasfi1vda e
Blue LED

\osann LED A Wuunderdlauasiiinnuenlassuidumnnieussanm 20

llasums  vhlinisadieninsanisunsnasatuvildaoudnasningsasinsanisunsn

aonlfilossosving sewina Beam Splitter §9N52ANUIUDI9DY LAYTYELIIITE1ING Beam

Splitter fan52NVBIAI0E19 AzFowanaeiulliiuaueladisuivesias J9fine 20
lulasiumsivintu

BLUZ LED
LIGHT SOURCE

(n) ()

JUN 3.4 nMsdnuaaioaSeauasuuny meuvasiiiiaueas Blue LED

(N) AWAINSUNINEDR. (1) Block diagram n1sdnseuULEs

FEY aly BeTal
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JUT 3.5 M33nsguuLas Michelson interfrometer sguvasiiiiniead Blue LED

guUnsalvan1sInsEuuLEs Michelson Interferometry euviaariiiauas Blue LED
Usznaueae
1. uvasnuilaues (Light source): Blue LED (Blue Light Emitting Diode)
2. NTEANLENLAT (Beam Splitter) : iunszaniianunsouendiuaseanidy 2 diu Tnsuds
anansaneaeule 50% uavazasyioundu 50%
3. NIPANAMUSHUE 2 U (M1, M2) + imihilunisagviouudalasiianisunsnasn
4. nFulas (screen): QUﬂiﬁﬁﬁl"Jﬁw%@%’umwﬁyfgmaqm'iu,mﬂaamﬁﬁmﬁuiuswu
5. udyuuANsEUU (Plano convex lens) 2 84 (Aaaxeg3lia 10 mm, 250 mm)
6. la3a 2 &
7. Wusiwan : lasvaeunnduduasuiu

Hledngunsaifegui 3.5 ssiliuaafuduasuuny uwiiilesnundsidauaaiy
Blue LED F4ilmsl#f Objective Lens Wnéne ins1zunasiniinisnuasagnsesnnsgans ns
14 Objective Lens amhaimLLaaff’iﬂi::{]’@ﬂssmal,l,aﬂwﬁ’aﬁ'm,aﬂlﬂﬁqLauéyjul,mmsmu
(Plano convex lens) yuiam el 10 mm wag 250 mm dnaudyuunuszuiuiv
nzanuenues (BS) urslitramduvasiiiawas lnensaudsuisinnueniliga 10 mm
Tkunthassaudiifainuenluia 250 mm Tnefiaud 2 Suiredisvazinety 260 mm

lawile3a (Irs) avavegsewirnaudisdasdy udrafmunszanuenuas (8S) Tnednduasls
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idhiidsnanseaaudyuunuszununagleda lnefleTaannsavensduasiduusonvdadn
aaldl isanunsassavaeuldinduasiinuauditinnuenlnda 260 nm Wuduasaulag
s ndesmannslindnavdifinmenluia 260 nm ﬁ'ﬁgm‘?‘i 3.3 flodualaduduas
uuINIEINLenLasslasliauawWuR InaensEan QWﬂfuﬁWﬂisﬂﬂﬂQWMLﬁauqq 2
v Wnszanuiudl 1 unszondnedanaznszanuiud 2 Wunszanvessesad
Feamsiarmuiseuiiuin Manszansneddussunuisfuuvar LI nuAILAT IR NLET 279
ﬂ‘ixﬁ)ﬂﬁ’]@ij’lﬂﬁg\m’]ﬂﬁ)wLma'ﬁﬂc’nﬁﬂLLE‘ix‘iLLﬁ:ﬁﬂﬁﬁf\]ﬂLLEIﬂLLﬁ\‘]Iﬂ?_I‘??iﬂixﬁlﬂﬁ’)@&hﬂﬁ]%ﬂgﬂﬂ?ﬂﬂuﬂﬁ
wiouflvosnszandnefielsdiEnv3n Lﬁaﬂ%’umﬁxazﬁﬂizfﬁﬂma@ﬁfgaa'wazaqiuﬂ’numa‘lﬂfé
SUAYRLLE WEThaNSuLaNRTuRUNsTanUe st eigen1sin
Hodngunsaiiiuufesuda axlFAn A wEnsunanden Famdnnsiinnwians
LNINADAVDITEUU Michelson Interferometry Hu Aonnsiidiuas 2 Srunsnaeniy wasd

d0900nNUNNLUAIN I TALAS FxanFadlUTINTZaNLUILas (BS) LaadiunTenunssanuUIwas

U

! v o

ggnuUseaniiv 2 da wavdauusn avlmearhuludenszandnads wasezasviounduluss

]

Qs

nIvanLUIE Lagrunszanudsuadlainiy (S) uasdrundenslaaziauinyuiunsyan
wUsassuludinseanfiogne wavazasviaunduluinseanuuauds (BS) wazazviousnasy
Udsa1nsu (S) Inpaziiadusinisunsnaasitiuauialaualnaauiulldliosse s vinasening

ATTANLYNLEINUNTEINDINBINMWINAUS 282U U0 N5 L INWE NLAIRUNSZIN G108 1

3.2 #9UAUANVBINITLARDUNNGZTINSN9DY
3.2.1 el BanNMINLAZaIATUND
Tudrnslagviansvilianmannnaniieles wialvnanineloududsuaniglaashin

'
o 2/ =

E‘J:ﬂUﬂiB'ﬂﬂﬂ’luﬂﬂquﬂﬁ‘ib’UUﬂﬁiLL‘V]'iﬂ?iE]ﬂ‘U'?J\‘iLLﬁQLLUUluLﬁﬁﬁwﬁﬂﬁﬂﬁz’ﬂ]ﬂLaau‘lﬂ@']lﬁﬁi 45
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fistanns mnduasihnistufinnwiamaunsnaeniisr szsnsquoanszaniideuly Tneszes
fndniieledeuluiuazgneulnegunsaiamsuny gunsaldesvideudefuualy
Wsunsulumsmuaussesiviesnslimdnifiladouly lnefiawsunesdweniwande
Totfuinsdanievadusseziila adndslaudeuszoswhiuiidddulusunsundoly
ownguantivesamsuinaduannsaguimiuaioavesian uazansowadlagld
aumsnanalurszezmaifsuadldidetandinnuaioaasuly fomgifddansy
nndugunsaliiesteurinduingnisnnassin udniielevduluss ool uaseduluwils
ﬁx\aﬁ%ﬁaaﬁwmiwaam‘au'j’laLmul,ﬂaﬁuuam\aﬁimazma“ﬁmﬁnl,ﬁaiemﬁaulﬂaa’wgnéfaq
Aesvezmandilusunsilviduindeundniielofurssasmefinansuu gunsaiamsu-nariy

[ 1 = L
WuALaeInu



20

3.2.2 N19\%ausa Piezo Driver T-Cube (KPZ101) fiu Strain Gauge Reader
T-Cube (TSG001)

gﬂﬁ 3.6 M3iFeusa Piezo Driver T-Cube (KPZ101) fu Strain Gauge Reader
T-Cube (TSG001)
(n) m:‘;ﬁf’awﬁia Piezo Driver Wag Strain Gauge Reader U computer

(v) N13WWBLEIDFEINS Piezo Driver iU Strain Gauge Reader

P P 1 f Y s . =
mﬂgﬂ‘w 3.6 \unsWessa Piezo Driver AU Strain Gauge Reader \WamuUANLAY
swAnvessdnifisledidnninldlunisuunssandedng Tagmuaunisvduiiigledianvin
prpAaNIwes W eusssdliiu Piezo Driver swgguanuleledidnnindaniovnazgn

21UANMIY Strain Gauge Reader

SUN 3.7 sdniiiglenlitavisenanszaniegig
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3.3 m'sv?j'awia LABVIEW Ay CCD Camera, Piezo Control (KPZ101) wag
Strain Gauge Reader (TSG001)

gﬂﬁi 3.8 block diagram IﬂiLLﬂ‘mm‘iﬁ'mUﬂu Piezo Driver

AT biEZO STAGE CONTROL

UM 3.9 Front Panel Tusunsufildmuau Piezo Driver

FBnslalusunsu

File Path
2/ w  =f - ~

ma\‘mqjuuwﬂ‘gﬂ [ B Cotnems Coesop vert view &)

L3

1. w@aninalnasn

2. Fenlnuadidasnisinldiu close loop 38 open loop

3. ldsseendoan sl lovd Ul uunTuUng  eeesimai (2
4. AAUxN RUN

Attnbute Name.

5. 180N Attribute name 1T Exposure Value Bt

Attribute Value

6. TdAn Attribute Value anuflls1@oan13BalAnAIAINLET 199 Baanny (@

7. vaannasailuden 6. Seudesuds nalu Set Attribute sl

6. Ny Record T ON TusunsuzFuvinnastufinamw - e
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3.4 MIUATIERAN

dmiunstiudin interferogram Yagasoguuuiu PZT Tnsazaosquiulumuiienaly
wau Z uaggnaiuaulaenauiames wsig Blue LED damsnndunatadu 646 uily
was wazdlevdy PZT T 10 uluwas LLaqﬁmﬂﬂﬁswwuﬁuﬁwaﬁmqﬁmqaguiwl,wiu
PZT axvhliAewieuuainiunw uazisilinaegniuiindaendes cco wlaviu PzT 1uly
WU ZluisaxﬁLﬁumﬂfﬁm‘%am i liAnAudureaduudazawiiunng ey
msglunisiiansady afinnuduuasiiunfigauiioaiden Aeqafissuzvowasiiazion
MANsEINUBNLAINTENUTURIvReIRg WhAusrervssuasiiaziiouninnssanue nuasiu
nszand9de enfhegratu aunsaifuiudinguamldiomn 10 am Taeiifnwad 1 veq
s 10nw ervsdirnuiduuasnniigalunmd 5 Farenduvasuasasnulfinnigaiies
Andeanazmnuduvostasiiiatulunragnmilineasisiu inannisudu P21 Ty

LUALLAY 2

=== _ Actual peak —'—ﬁ
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1 ‘
(= Experimental peak +2>8@

f 1 \
;\ .s o

Intensity
b
L4

Scanning position. z

= @

3U# 3.10 interferogram wasmw- 1 awiigniiutuiindendss CCD
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Crrcuans VSH Area [sq-PXEL]
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FBnsldluswnsu

1. wenivlawne
2. \HONAMLIANIFBINITIATIEN (Start ID) uazmanveRdaInisiias1ei (End ID)

3. 188N Image scale (%) snunFinsmaasiesnsin

s

INLAUUUN

4. nA Import

. al = 2\ o = ¢ P=i R
5. Circular VST Area v Center Aan = WWaYMNTLABNIAAUINATINAY Lagh Radians

AFN

B Vertical Scanning intedecometry 2.1.13
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6. M Draw

7. Aan VSI Analysis
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NaN1SNAa9azanUsigna

4.1 HARINNITINTZUULES Michelson Interferometry Aaaunaaniiinies
He-Ne Laser

aneasIdnszuuLas Michelson Interferometry e He-Ne Laser wasfidnuas
YU FINSUNITnEeaiinaTuiiadnwuzSeatuludunswuuiussni o vilnfusauaing
Aagun 4.1

o 13 = A A =
EUVI 4.1 NIWIINTLNTNADALUBDLKRAINUUALFIAD He-Ne Laser

4.2 HAINNIFTAINTZUUKES Michelson Interferometry anaunasnaiauas
Blue LED (Light emitting diode)
dlevnaesdnsyuumas Michelson Interferometry fel LED Sy nndanisunsnaon
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Abstract

This paper proposes a method based on white light vertical scanning interferometry (VSI) to investigate a dual-layer structure. The
optical arrangement is based on a modified Michelson interferometer that utilizes a reference beam and two object beams. Each object
beam interferes with the reference beam and produces an interferogram. A series of interferograms are obtained on a dual-layer structure
and the thickness of each layer is obtained. A continuous wavelet transform (CWT) is used to extract the envelope of each interferogram
in order to determine the peak intensity that provides an indication of each layer’s boundary. Tests are conducted on a semiconductor
wafer and a micro-gear made of polymeric material deposited on a metal substrate. Results show that the proposed method has a good

potential for investigating a dual-layer micro-structure.
© 2007 Elsevier Ltd. All rights reserved.

Keywords: Dual-layer structure; Vertical scanning interferometry (VSI); Continuous wavelet transform (CWT)

1. Introduction

With the development of micro-clectro-mechanical
systems (MEMS), accurate measurement techniques are
required for the inspection of micro-structures. Optical
technique is a popular tool for such an inspection due to
their high accuracy, high-resolution and non-contact
characteristics. Dual/multi-layer structures are a common
MEMS component used widely in the semiconductor
industry and other fields [1-3]. In a dual/multi-layer
structure, the thickness of each layer and the properties
of the interface between two layers are important
parameters that should be inspected. Such an inspection
is normally carried out by a spectroscopic ellipsometer
[4-6]. However, using such an instrument only one point
can be measured at a time and the method provides
information only on a particular layer of interest.

White light has the characteristic of a very short
coherence length, normally less than several microns. As

*Corresponding author. Tel.: +6565168089; [ax: + 656779 1459.
E-mail address: mpeqecg(@ nus.edu.sg (C. Quan).

0143-8166/$ - see front matter © 2007 Elsevier Lid. All rights reserved.
doi:10.1016/j.optlaseng.2007.01.007

a white light interferometric profiler scans an object,
interference occurs only when the optical path difference
(OPD) between the object and reference beams is within a
very short coherence length. Hence, the position of the
object can be determined with high accuracy. Numerous
works have been done on white light vertical scanning
mterferometry (VSI). These include methods based on
Michelson, Linnik, and Mirau interferometers [7,8]. These
methods have been applied on the measurement of a
moth’s eye [9] and roughness measurement [10]. The white
light VSI has also been modified to obtain large field of
view [11]. However, all the above work focused only on the
top surface of an object. In this paper, we propose a whole-
field method based on white light VSI to simultaneously
obtain the thickness of each layer and the three-dimen-
sional (3D) profile of the interfaces in a dual-layer
structure. Wavelet transform has been used in white light
interferogram analysis using cross-sectional distribution of
the transformed spectrum [12]. However, in this paper,
continuous wavelet transform (CWT) is used to obtain sub-
scanning-increment resolution and improve its accuracy
using the phases of a transformed interferogram.
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2. Principle of the method

In white light VSI, a typical intensity field of an arbitrary
point on a test surface, along z-axis (vertical scanning
direction), is given by [13]

1(2) =Ty + vlog(z — z0) cos [2ky(z — o) + @l )

where [, is the background intensity, y is the fringe
contrast, kg is the mean wave number of a light source, z is
the vertical scanning position along the optical axis, z, is
the peak position of the intensity field, and ¢, is a phase
offset. g(z—zp) is the coherence envelope that depends on
the spectrum of the light source [14,15]. In this study, a
halogen light source with a Gaussian spectrum is used, and
hence the intensity field can be expressed as

L
I(zy=1y+ 71 exp _<" ]__D> cos [2ko(z — zo) + gl

2

where /; is the coherence length of the light source. Fig. 1
shows the intensity field of an intensity response of a point
on a test surface (solid line) and its coherence envelope
function (dashed line). The peak position of the envelope
indicates the height of the corresponding point on the
surface.

Fig. 2 shows a schematic diagram of a multi-layer
structure with various refractive indexes ny, ny, ..., n, and
the thicknesses of different layers 7,, 15, ..., 1,,- The dashed
lines indicate the OPD [rom the reference plane to different
interfaces in the structure. When the structure is illumi-
nated, the beam reflected from the each interface will
interfere with the reference beam and produce m number of
envelopes as shown in Fig. 3. The intensity of a point on
the structure is approximately given by

1(z) = Io + ol 0g(z — 20) cos[2ko(z —20) + @q)
+ 710g(z — z1) cos [2ko(z — 21) + @, ]
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Fig. 1. A VSI intensity response and its coherence envelope.

C.J. Tay et al. [ Optics and Lasers in Engineering 45 (2007 ) 907-913

Reference plane ——————————-

Top surface

s e SERy
oy m Layer 1
Interface 1
o 3 Laverd —=—=—=— I
o yer 2
Interface 2
N~ n
Interface m-1 —
i Mm Layerm == =7 £l
Interface m

Zm — Optical path from the reference plane to the mth interface
im — Refractive index of the mith layer

Fig. 2. Schematic of a multi-laver structure.

200
180
160
140 mth envelope
120

100

Gray level

80
60
40 t

L L

20 1 ! 1 i i i i
0 2 4 6 8 10 12 14 16 18 20

Vertical scanning position z (Lm)
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+92T0g(2 — 22) cos[2ko(z — z2) + ¢-]
e }’,,?109(2 — Zm) cos[2k0(: - Zm) + (Pm]’ (3)
2y

where g(z—z,,) = exp{—[(z—z,,)/I.)]"} and z,, indicates the
OPD from the reference plane to the mith interface. Hence,
the thickness of each layer is given by
fy =2 Il = 1,2,3,. . ,m, 4)
Ny

where n,, is the refractive index of the mth layer,

To characterize the intensity envelopes accurately, a
CWT is utilized. A CWT is generally defined by [16]

W(a,b) = % / 1) (%b) dz, (5)

where fi(z) is the mother wavelet, @ is the scaling para-
meter that controls the wavelet compression or dilation
(frequency of daughter wavelets), and b is the shift



CJ. Tay et al. [ Optics and Lasers in Engineering 45 (2007 ) 907-913 909

parameter that controls temporal (or spatial) translation,
* denotes the complex conjugate. A CWT uses different
daughter wavelets with different frequencies to scan a
signal along a temporal (or spatial) direction and
determines correlation between a signal and a wavelet.
When a signal matches a wavelet in both frequency and
temporal position, a maximum correlation coefficient is
obtained. The ridge of the coefficient map gives the
envelope of a signal /(z). Hence, the peak position of local
interference fringe could be obtained. The phases of
transformed signal would provide a better interpolation
for more accurate fringe peak. As shown in Fig. 4, a
discrete intensity sampling would indicate position 7'
as a fringe peak; however, the actual peak position is
located at position /i. To locate the correct & position,
two methods are normally used. One method is the
use of curve fitting after an envelope is obtained;
another is to calculate the phase angle ¢ as shown in
Fig. 4. Since the illuminating source possesses a Gaussian
spectrum and the intensity field is governed by Egs. (2)
or (3), a complex Morlet wavelet is chosen as the

Wi

. h ]
; ; ; i .

Vertical scanning position z

Intensity

1 L i

Fig. 4. Phase difference between sampling and actual peak.

CCD camera

Computer

mother wavelet

ol ]l

where [, is the wavelet length and /4, is the mean
wavelength of the light source. For a complex Morlet
wavelet, the phase angle is given by

o [Im[W (ao, bo)]
o=t (R ) .

where W(ag, by) corresponds to a maximum value of
|W(a, b)|, Im and Re indicate the imaginary and real part
of the complex number and the value of /1 is given by

AQ

h=h=—aq.
= H =2 ®)

3. Description of experiments

The experimental arrangement is shown in Fig. 5. A
halogen light source is collimated by a lens A. The collimated
light is directed at a reference mirror and an object through a
beam splitter. The beams reflected from the reference mirror
and the object interfere with each other and the resulting
fringe pattern is recorded on a CCD camera. The object is
mounted on a PZT stage controlled by a computer to move
along the z-direction in increment. For each increment, the
CCD camera records one fringe pattern and store in a
computer. Two test objects namely a coated silicon wafer
and a transparent micro-gear were investigated.

4. Results and discussion

A mirror with a surface roughness root-mean-square
(RMS) value of less than 0.1nm (specified by manufac-
turer) was first measured using the proposed system. The
resulting [ringe patterns were processed using both CWT
and digital filtering DFT [17] method that a band-pass
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Fig. 5. Experimental arrangement.
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filter based on Fourier transform is applied to the signal to
obtain an envelope of the interferogram. In the DFT
method, the vertical position of a fringe peak was
determined by an interpolation process on the envelope,
while in the CWT method the fringe peak was determined
from the phase angles obtained using Eq. (7). Fig. 6 shows
a cross section of the mirror obtained by the two methods.
The RMS value of the mirror surface obtained by digital
filtering is about 1.9 nm, while that obtained using CWT is
around 0.3nm. Compared to digital filtering, CWT gives
more accurate results. From Fig. 6 and the calculated
RMS, it can be shown that CWT has a better performance
in the application of white light interferometry at
nanometer level.

The intensity response of a point on a coated silicon
wafer is shown in Fig. 7(a). Fig. 7(b) shows a wavelet
transform spectrum of the intensity response. It is seen that
the peaks of the signals can be identified easily. The phase
of each peak was calculated using Eq. (7), while a more
accurate peak value was identified with Eq. (8). The double
envelopes indicate the position of the top and bottom
surface of the coating. Hence, the thickness of the coating
as shown in Fig. 8 can be determined from the distance
between the peaks of the envelopes. The average distance
between the peaks of the measured area is about 11.89 um.
Given the refractive index is 1.65, the average thickness ol
the coating was determined as 7.21 um using Eq. (4). Based
on the resulting fringe patterns, the surface feature of the
two surfaces was also studied. Fig. 9(a) shows a 3D profile
of the top surface of the coating and Fig. 9(b) shows that of
the interface between the coating and the substrate. It is
seen from Fig. 9 that the surface roughness can be readily
determined. From the results, the RMS value of the
coating surface is about 0.03 pm, and that of the interface is
about 0.06 pm.

A transparent micro-gear of 500 pm diameter on a metal
substrate (see Fig. 10) was also measured using the
proposed method. Since the refractive index of the
transparent layer is larger than that of air, the interlface
looks like a concave surface as the dashed line in Fig. 11.
If depth of the concave ¢ is obtained, the thickness
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200 e Y O et "800
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; \\\ ‘ ™ el 400
y(um) 600 ™ 00 el
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800”0 g

Fig. 8. Thickness ol a coating layer on a waler.

2 (Hm)

2pm)

Fig. 9. 3D plots ol (a) top surface and (b) interface of a coating on a
wafer.

Fig. 10. A top view image of a micro-gear.

of the transparent layer ¢ is determined by the following

equation

] (&)
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Fig. 12. Intensity response of a point on a transparent gear.

where n 1s the refractive index of the transparent material.
Fig. 12 shows the intensity response of a point on
the micro-gear. It can be seen that only one fringe
envelope is detected. Real-time fringe patterns imply
that the fringe envelope is due to the interface. This
can be explained that the light reflected from the top
surface is too weak to be sensed by a CCD camera,
because the gear is almost totally transparent. Hence, only
the interference due to the interface was observed. The
peak can be accurately identified using the CWT
processing method mentioned above. Thus, the profile
of the interface can be obtained using the resulting
fringe patterns and the depth of the gear can be
determined. The thickness of the gear is therefore
obtained using Eq. (9). Fig. 13(a) shows the 3D profile
of the micro-gear and Fig. 13(b) shows the 3D profile
of the interface, from which the depth ¢’ is obtained. Using
a refractive index of 1.4, the average thickness of the
gear is about 5.54 pm. Grating lines are also observed on
the gear specimen and the substrate. This is due to the
surface texture as can be seen in the specimen image shown
in Fig. 10.

Fig. 13. (a) 3D profile of a transparent micro-gear, (b) 3D profile of a
micro-gear interface.

5. Concluding remarks

In this paper, a method for the measurement of a dual-
layer structure using white light VSI has been presented.
The technique is able to provide whole-field information
including 3D surface profiles and layer thickness, and is
non-contact, non-destructive, which is an important
and necessary requirement for internal measurement of
dual/multi-layer structures. The proposed method is also
able to simultaneously determine the thickness and the
interface roughness of each layer in one scanning
procedure. The proposed experimental arrangement is
relatively simple and easy to use, and provides a high
vertical resolution. Results show that CWT has a good
performance in the application of white light interferome-
try to investigate surface profiles and layer structures.
Using the proposed method, layer thickness can also be
determined by subtraction of two adjacent interfaces. But
the accuracy of such a thickness highly depends on the
accuracy of the refractive index, besides the accuracy of the
measurement. The method is able to measure the interface
roughness at the level of nanometer and the thickness of
each layer at the level of micron. The experimental results
indicate that the technique has a good potential in
investigation of dual/multi-layer structures at the range
of several microns to hundreds of microns.
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