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Simultaneous measurements of refractive index and thickness of a thin-film layer
using reflectometry

=g 1S
*W. D. Joo, *S.-W. Kim (swk@Kaist.ac.kr)

KAIST 7| Al@-gAl g ey AUdSdd4d

Key words : thin-film measurement, refractive index, film thickness, reflectometry

1. MB

uhulo] B4 =248 CMP(Chemical mechanical polishing)
of Ze wul Az g Ik T oA HEEel W
T RAste A4S "@ddn ol AFEFY HAHs g
EFE fhd AHHoR JFE vA7] widel] wrEA]
g ottt 3 A U(In-line) A S Y Bt g
g Fxo AaEHoBRE FAAHUP THESF WME S
gol 7hsslloF gtrh. A 4 Wb Bhete] FA 9k Fd

Hel Aot o] o] Folxth. ¥l A FIH H (White-light
interferometry)® Tj 5o "huto] o] =<l

457 ¥ (Reflectometry) 3 < ¥ 2| E 2] (Ellipsometry) 7} 91
LT e Aol "lo] wiAbgto R Qe A=
Z4%ozH wtute] 545 igitte WA &
7t} olEe] 33t Alxdlo] Holx= A
Al AR FAkeY, A Ea]RE
H3le] AdygrdEdE A& 949
slof Ao Abggith dnbH o s

=

it b
o i
Z BN

tlo
Kl
i)
_0|£
p
Jus)
T,
>~
>
ot
Ay
oX
ol [ ook b fo i O T O od 2 1@ ol

¢

ex
oty
il
td
—n

o i
ke
B ﬁ
(e

a9

o
1=}

>, o
8

e
ot
ok
Rufien
02

(o}
ot
>
[
iy 2
N -
=

>
)
oX
%0,
rlr
e
oy
o
N
N
olf
[0
ol
au)
a K
4
o
2
%9,
o
+

A

iy}

ol

£l )\

o,
BN

(0

N
ol

>,
o B 2 By & O o N

o
5=
2
18
=)

o Mo to
::I‘
)
i
N,
offl %
p‘L
AU

o
oy
o
i
o

!

3
e

o J
T
>~
Rad
)

to T
lo

o >,
[
i)
=
2
> offl
jins
~ =
>,
)
o
ft
AC)
oh

i koo
o

offl

(o}

— 0

¥ Q

)

'T'_“ I

)

O
o

o fF

2
= fo
il
o

(o
K

SuA|
ol oo
=

ol ofo g X
rlr
r=
2o
lo
o
x5
<
m —1
It
I lo
[N

> e B .
AbE Sl uhEl FdEo] wWelsla, o W
Fol &ntsin] ZHE gho] WALE S QoA o
S 23614 A (coupling)E o] 7] wiEo] WL
el #Ze Wz EAARsF IA dEE 4 Aok

2 AFolA e te JA 2 o 9 i ESAAE
TAdste] vt B4 3t S LY E ALS FARgE Y
& T3 Bt FAE SAske AU JdE bk 9o
3], & AFlAe FAY 2458S 540 SHs e %
45 ANE =2 2HEY UEAZE FE3o tF
YA A8 E TFEE wAag e FIIEHE AT
24 ofg] gl digk vabg AR E E53 4 Qv
Zo] 7AH FE §lol AL 3 Aol uiste wEA S
Aol 7hsatH, old uwgl &F ol 37 Wl £

%]

=

O, &,
T
o £
i

N o

oot
o
& ®
% <y ot 2 X oX

A8 542 ey wie] there vy g
0 Zggoan 488 5 Ak

& kgl A7)

D Al A, g REE T e =4
=3

'samabs

I.
9{samabs_ - (1-1)

v Iref
HEARE 2 Abge] b, ey, ol Al gk
Abzbell wEbd WElele gemA FAd FH ] i)
ARk BLES FF B4 festth A4 APHE
Aol IAFsH] el YA WAL A F9 babge

32
AZ1E AR SA-s7] o77] wiel A(1-2)9F 2ol A
HbAbgo]l ARl REAEE Al

Aol AoiAbg S FA9 5 ik
I
s‘Rsam abs :mestd,abs (1-2)
Istd,ref
W 1, T EEAR U@ wAge A, & 54
g1l wkALge] A7), = gaEAme Ay

=
(7% 1), AHe] BEgd s FARYE ohe FAE
m o] Aow spAdol ati=d], AFE B ol
WAl Fgdde uHd w v 49 Wl w2 ZHE,
n(d) ol diste] 2 (1-3)7 #e] Cauchy equation & A}-&3}+=
Aol AAd3srh4]
B
n(A)=A+ yr (1-3)

& A ¢ B = AE AT 3 4
function)& HAg ¥ ol& F3 HHFE FTs Faul=
5o 2= Levenberg-Marquadt  H] A

(Non-linear least square method)S AF-&3+c},

3. HEA 74
T U S8S 5HoR o 7] wite] MAXOR
Al HAbFSAHe] tdel FRE WA, Tk
WALS AEE 53517 flete] #3 RES =9esith
A +=(xenon) WX} B~ d©l-3 = A (Tungsten-Halogen) 24 3 9}

&3t &A= (Merit
B

Estimated model of

=B Cauchy equation
thin-film layered structures

n(}v)=A+E2

A
_" | Fresnel reflection coefficients |

Theoretical Reflectance, R ., H Measured Reflectance, R v I

I_l_l

Levenberg-Marquadt nonlinear least square fitting method
2= 3 B (602, P) - R (6,45, PO S
k

i,

Fig. 1 A block diagrams that shows the procedures of attaining both
refractive index and thickness of the thin-film
simultaneously by reflectometry
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Fig. 2 Optical configurations for the inspection of thin-film
properties including film thickness and refractive index (F:

filter, P: polarizer, BS: non-polarizing beam splitter, OL:
objective lens, S: sample)
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Fig. 3 Simulation results of the refractive index when minimization
has done for both the thickness and refractive index
simultaneously
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Fig. 4 Comparison of the reflectance variation between the

experimental values(dotted lines) and the values from least
square fitting optimization(solid lines)
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