FEABREH AL s kL iR
ML R FR 2 S 3 AR
GRSt § SUNTE FF
&

tCEA R (L IR N SR AES A R R
HEe Tl A2 TS N EATY 0 5 - LB AA T P W A
MR £ 193 nm 22 248 nm S rt A 2 K F T F 2 3R 5 Rk
AR B § $Epe mph kB 2 R -

A HALE R i A ST R R 2 Aosle Ak
ﬁ’fﬁﬁiﬁﬁﬁﬁgﬂﬁﬁ%*ﬁ%$’%ﬁ%”%Wi%%

N

HRE R 2 F S S R B R o e R AR S P L AP AR
* o Hpo vde kiR 5 B FIS 0 R S S b 2 BRI R

B Sk e i§ {8 20K SRR BN L AT F S 5 -3F B K
E o TR T F S R CRTE EREBWR R ERE >
B2t n&k A7k BRI TR R
i o

b Tt &kInA 0 @ % 27 KLA-Tencor 2 et dic ¥
ProLith v. 8.0 » 3% & & 78 W A% S8l (7 fizt B > dF3H - dL g ke
A2 PR E L F R G I R G ERE R G BORSEFRH A
BV RIE T S BREESLTS

%%';
|
Tl
\_.

Jo

I

A

=

N

|

)\
O~

[}
-

.

5

kBB S)EFRIEL B 1 > P RS RRTEY E -

I
Jrml
K2
9
(“
38
ot
*
W
=
A=
F_L
S
o)
ﬁ;
#
RS
#
\ N
A
rrlk\,
Eid
p
gl
a5
£
\
&



TP e RETEFZRIFRART e R oA FRERPIFERS A

9

s
P2 R NI AR 2 BB P T e 2 RIE T AR
FE A b oo CBR T R ERE s R R G2 F IR G 0 T RS
FtdE e EEREFZ A GET 0 AiRIEETZ o piRIREERL o fiC
AR s hdRk ~p mIREE R RHIRE AR E Y T (FHKED) I
FE~ GV MEERTERFT 0 ZERGE R o

AKRBE REN BB LR RN P ERT 2 PF s iRk

B £ AR o

il



Sudy of Embedded M aterials of Attenuated
Phase-Shifting Mask and Simulation of I maging
by Dipole Off-Axis I llumination

Student: Lin Chih-hung Advisor: Dr. Loong Wen-an

Institute of Applied Chemistry, National Chiao Tung University
Abstract

Embedded attenuated phase-shifting mask (EAPSM) and off-axis
illumination (OAI) are most popular resolution enhancement techniques
(RETs). Hence, we do some research to these two techniques in this paper.
The points of the first part are optical properties of materials of embedded
layer for 193 nm (ArF) & 248 nm (KrF)lithography. And the second part
is the simulation of application of attenuated phase-shifting mask with
off-axis illumination.

No matter what kind of method we use to deposit thin film, it can’t
be completely smooth. And the rough'surface of thin film will cause the
scattering light. Hence, when we use UV/VIS spectrometer to do
metrology of reflectance (R) and transmittance (T) will get smaller results
than the true values. The error will get larger when roughness gets larger.
So, it is necessary to modify the metrology values of R and T by
roughness as a modification factor. When we use the modified results to
the R-T method, the resulting refraction (n) and extinction coefficient (k)
are close to the metrology results of Variable Angle Spectroscopic
Ellipsometer (VASE), and better than n&k analyzer. Also, the cost is
cheaper, so that the modified R-T method is very useful in getting n & k.

In the simulation part, the software we use is KLA-Tencor’s Prolith

v. 8.0. By choosing proper parameters, we study the side lobe, aerial

il



image and resist profile in dipole illumination. By different space width,
we can get different distance between space and side lobe. And we try to
derive a formula. By adding two modification factors of numerical
aperture (NA) and distance between the two illumination holes, the
calculation results are very close to the true values, According to the
simulation results, the side lobe in vertical orientation is much smaller
than parallel orientation in dipole illumination, so it has a smaller effect
to lithography process. In dipole illumination, the vertical orientation is
off-axis illumination and the parallel orientation is like in-axis
illumination. So we can get larger depth of focus (DOF) in vertical
orientation. We also can see deeper resist profile in vertical orientation
than parallel orientation with the same develop condition. If we adjust the
develop condition to make the samé’space width, we can see significant
side lobe in resist profile with parallel orientation. Otherwise, we found
the s-polarized light has better interference. With vertical dipole
illumination, we can get better image quality. And the unpolarized light
has a middle quality, the p-polarized 1s worst. We also discuss the
variation of aerial image contrast for s-polarized, unpolarized and
p-polarized light with different NA, pole-distance (Gcener), pole radius
(Oradius)> Space width and line width.

For future immersion lithography and higher NA lens, the

s-polarized light will become more important.
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