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Abstract

In this research, the spectroscopic reflectrometer was developed. The thickness of transparent thin
film can be measured using the white light interference method. The interference patterns of reflected light
from the air-film interface and film-substrate interface as a function of wavelength were recorded by
spectrometer model HR4000 from Ocean Optics, Inc. via optical fiber. This white light interference
patterns were dependent on light incident angle, wavelength, index of refraction and film thickness. The
film thickness could be calculated from the recorded spectra if the light incident angle and film refractive
index were known. The transparent thin films that its thickness and refractive index have been measured
by ellipsometer, were used as reference. The accuracy of the developed instrument was examined by
measuring the transparent thin films of refractive index 1.58 and thickness of 2801 nm. The measurement

error found to be less than 1%.
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. . 1
Film Thickness, t=—— —— 9)
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6 732.62 0.00130
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0.0025

Order of the Peak Positions

20

0.002

1/Wavelength

0.0015 |

0.001

0.0005 |

=h.

31

a 1Y 4 1 A
M5197 4 KA1 AN LM AL 11T waaazaunaIna DY

v

b

= e

® O degree
@ 15 degrees

A 20 degrees

Linear (0 degree)
Linear (15 degrees)

Linear (20 degrees)

| & |

3

» 8

4

Turning Points (M)

2E.gyg,
X
8. “35E.q3
{ { @
A @
{1 A

o Al A 2 1 [ 4 H } '
14 ?u ummmnmuwaﬂﬂaunnmunawmmmunﬂﬁuﬁunﬁnniz'ﬂumma |

uudldnng | anunn | dwdidnm | yuannszny ANUFU mnmnildom | anuamandeu
(nm) (®3¢11) N15NAAd4 (nm) (%)
0 112x10" 2826 0.89
1 2801 1.58 15 Liax 10" 2788 -0.46
20 1.16x 10" 2792 -0.32

M5 4 uEaeRI0819HanIsIaANHIITe I ldue TS wasiinds uuAIve wHULA

v A w '3 dy o Y A . 2 A A
Hueav 1 mmﬁumazmmﬁﬂmmmﬁanugmammﬂma Ellipsometer mtﬂmﬂﬁmuammgm

1A o o 1 d” 9 a 1 a [ dy 1
NUIHAT 2801 nm LAY 1.58 gua1al mugnimﬂum5’Nmﬁmsnmﬁﬂﬂamu AANITNAADINLIN

A o o o 1 o o A o/ 1 o/
donasannsznuyiygm 0° 15° uag 20° nsanudiussnild W vegaseAveIRaUA LT IUNY

A ad o T A o Y Ao o -4 -4
116»1?]'J13JEJTJﬂﬁu‘Vl!’lJuﬂulﬁuﬂ‘HﬂdﬂﬂUﬂﬂ‘llﬂﬁﬂ?lu Wuns g uasInuA MUY 1.12x 10 1.14 X 10

1AL 1.16 x 10" MUAIAL uazmnmsﬁmmmmwuwmﬁﬁnﬁwﬁums (9) ez (10) NUANUHU

voaWlau 115 aaaiian 2826 nm 2788 nm LAL 2792 nm ANAIAL

= Y ¢ o 1 g a v A gy A A A £
IﬁUfnillr%UULV]UUNafni']ﬂﬂ'TuJﬂu'nlaQﬁauﬂUﬂ1a1Qﬂqwu’n !Nﬂll‘]ﬂﬂia\inﬂﬂﬁ%l‘N'Uu'Jﬂﬂ')nJ

9 3 09 ¥ o "1 Y a o 9 a
ﬂu'ﬂﬂﬂiﬁllﬁﬂﬂﬂﬂi:ﬁ'ﬂ'ﬂ“ﬂ']uu 0 'Ivmami'mmmnummﬂ’nmmqmmnuau TﬂUiJﬂ'J'lllﬂﬁ'lﬂ




21

vy
a A o o

4 A v o 0 09.9 o
1NADUN 0.89 % ‘luﬂlmzmuammimmmwuﬂﬂu‘lmtmmﬂnizﬂnmw 15 1y 20 114Nﬂﬂ'li’lﬂ

o a 4 4 { o w
ﬂ'ﬂlﬁ’iu]ﬁﬂﬂﬂ'ﬂﬂ]ﬁﬁﬂﬂﬂlﬂﬂﬂﬂﬂ Iﬂﬂﬁﬂ'nllﬂﬂ']ﬂ!ﬂﬁﬂuﬁ 0.46 % Ll 0.32 % A1uaay

Y o T o o vy ¥ o & a a o
nnnamInaasuaasldiiundmiunsialaslfuaauannsznuaininduiuiivesildy
~ A ' o A ° 0 0 4 v - { a
119 srllanuamamasuuinnmsiaiionasanyingy 15° uag 20° i@nfes Natlendidunguinin
v v 1 o~ o

m3dalaoiyuanasminduilauuiniu desih laslduasiusanuenuas nwanmsiaanlnaiums
£y o g 1 A v A ' ~ A ° 0 0 =]
aztouluzu 12 szwiun Hysvesanlnasuiiuauniinstinuaaniig 15° uaz 20° uaaswan
uenuasiinsganaunaalugdsnueIAAUAINII 500 nm 1AZgINII 700 nm gaun eiva

o <YYo an o o q ¥ ' o ' A A
fﬂﬂﬂﬂiu Background aﬂﬂ%q“lﬂﬁiyfy'\ﬂlwl’lu‘ﬁﬂmu Vl'lclﬂﬂ‘lifJ'IUﬂ']HﬁuQmQQUUﬂﬂau‘V]%'JQﬂQ']UUTJ

v
A o

A ) a A v
aauilyh ldonuazeniinnuaaiamnasula



22

5. agUdmamsduiinay

¥
awv A

Y o o A o o 1 -l 1 )
uu’mUu"lﬂmmiwmmmimmmmwmﬁﬁnmﬂﬂimm NI3UNI1 spectroscopic reflectometer
mauTaserderdnnisunsnaeavelavINaziouInToan sz eI ve Il duAvoINIA
(film-air interface) LAZIAINALNOUIINTDUADTLNINNWANAVFIUTOY (film-substrate interface) HAA

Y 2 o { o oA
AUo U AINITDIVUNY Juannienuy ANB1IAAY AYUVNIN LaY mmnuwmﬂﬁu Tauns

'
o =

a s a g 7w a vy
'Jlﬂi'Wﬂgﬂll‘U'UﬂJﬂ\?ﬂ'lﬂWﬁﬂﬁﬂﬂﬂlﬂuﬂﬂﬂ‘BUﬂUﬂ'ﬂﬂJﬂTJﬂﬁu ﬂ’J']iJ?’iu'l‘llﬂQﬂﬁllﬁ‘m’liﬂﬁ'lvlﬂtﬂ

NI YUANNTENY ANNENAAUVDILTIRZABTITnIMIA Ve lay

ia 2 4

4 a4 9 X Yy = Aa o A g 0 q 9
nsealloNaduulszneudiendnuenuaIfifaduusiaieu Tunaoudie lead screw 114
4 § A % 1 1/ a ' ° 1
annsameudualdlununag uernmagndesninundasdudangauamiumadulondniuas g
B w P
HANUYNUAIDINNIA N VY LA IFIUTIZANAININ (YUANATENUIIAUFUE) AUUNUAIVDIAS
@ T S o Y a. ¥ 3 o P a % [ ¥
M08 uenIndl 83 ldesnuuuazad wyanadimelouniusenannsoAadsdelondniuea 14
9 o = & o @ 9 & Y & o ' o =& o @ ' £
apaduiiuidesmanuuaziu d@unilsdwmsuhuaanourastulianaaniguiuusuud Ta
A ) 1A AL o AN v s
annsaidenyuannszny ldaesnine laaesmia vyu 1583/ 1ag 20 8ae nasngziousinildy

11avzgminiginesanln Ingiimos Ju HR4000 483155 Ocean Optics wumaloudniuea

U U

9 o a d ' o - o
mnadeunNNgndelumsiaanuveilavineliswmaih lasnSeumeumanisiannunin

[

a d o o & A ' A A A 9 3 Y A
Y2INAUNUHANITININIATOY Ellipsometer AANTINATDUNL insealanadeiulvinanisiani
4'( 9 1 o o o £ :/ o j a o -l
ANUATANADUUDYUNI 1% ﬂ"l?ﬁ'l]ﬂ'l‘S'JﬂIﬂUi‘lﬂlﬁdljllﬂﬂﬂiSWUﬁQQWﬂﬂ‘UWNN’J"UﬂQWﬁUUN WU

4 ' o 4 9 o aNS o
ANuAMAINADUNINNNMI TallBua AL 157 uay 20% amios Matlonlaunguiainniiialay

¥
° o/ o

2 L v o 9 ' = o o )
mqmnmmnﬂuﬁaummu ﬂﬂ»Wl'ﬂﬂﬂiﬂuﬂﬂﬂ'luNﬁﬂllﬂﬂllﬁﬂ mwamsmmﬂnmummxmu‘lu

a 2 1 oA o o 1 A ° 0 0 =] a
ilh’l 11 ZIUUN U%?QﬂlBQﬁlﬂﬂﬂiuﬂllﬂUﬂ'J‘]ﬂimﬂuﬂQﬂﬂvnllll 15 1a¥ 207 UaAIIWNANLENLTIY

9

msganauLaaluyInWeINAUAINT 500 nm 1AZFINT1 700 nm ganvhlimseusmiaves

4 0 A dy v -~ A 9
Uﬂﬂﬂﬁu‘ﬂ‘lﬂﬁﬂ’ﬂ11EJ']’Jﬂﬁ11‘Lﬁ’ﬂvlﬂEJ’lﬂllﬁ:‘,ﬂ'l%iJﬂ’J"lllﬂﬁTﬂLﬂﬁﬂuvlﬂ



24

N1TNANRAY

Measurement of Thin Film Thickness with Optical Reflectometer
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Interference Pattern for SiO, Film
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