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Improved Margin of Absorber Pattern Sidewall Angle
Using Phase Shifting Extreme Ultraviolet Mask
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ABSTRACT

Sidewall angle (SWA) of an absorber stack in extreme ultraviolet lithography mask is considered to be 90° ideally,
however, it is difficult to obtain 90° SWA because absorber profile is changed by complicated etching process. As the
imaging performance of the mask can be varied with this SWA of the absorber stack, more complicated optical proximity
correction is required to compensate for the variation of imaging performance. In this study, phase shift mask (PSM) is
suggested to reduce the variation of imaging performance due to SWA change by modifying mask material and structure.
Variations of imaging performance and lithography process margin depending on SWA were evaluated through aerial
image and developed resist simulations to confirm the advantages of PSM over the binary intensity mask (BIM). The
results show that the variations of normalized image log slope and critical dimension bias depending on SWA are reduced
with PSM compared to BIM. Process margin for exposure dose and focus was also improved with PSM.
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Fig. 1. Cross-sectional image of phase shift mask with
TaN/Mo absorber pattern fabricated by inductively
coupled plasma etching.
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Fig. 2. Schematic diagram of mask absorber with sidewall
angle of 6, and 0,

Table 1. Complex refractive index of the materials used in
the simulation

Materials n k
TaN 0.9260 0.0436
Mo 0.9238 0.0064

Si 0.9991 0.0013
Ru 0.8864 0.0171
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shadowing pattern.

L w NILSge] Hoh 122%5H-2] 2] Yepdt).
CDW3}aF B3 90°0]512] SWAS 712 ujje] Z3}e}
AR 74 3/3S BRIt} 90°FE 100°7FA SWA°] ¥
& uj CD9] W3l 2 A nlelde] nfaza



ﬁ
o
23
B
4

219 mpaae] FA HE ] 71& 71 vigk QA58

k
ot
T
%,
w
W

Eou. iy
0.6 / \\ /" ‘\

= / \ / X

] 0.5 / \ / \

S / \ y

504 | \ \

L / \ / \

203 ,/ \ / \

= / \ / \

= 02 / \ / .

é “ 1/ \ ’/ - ~BIM_bias
0.1 7 \ / BIM_80° SWA

0 \- = BIM_100" SWA

-36 -30 -24 -18 <12 -6 0 6 12 18 24 30 36
X-position (nm)

0.7 ™ s
z / \ J A
= 0.6 / \ / \
= / \ / \
% 0.5 / \ / \
= \ \
204 | | \ / \
203 / \ / \
= / \ ' —— . - S
< 02 | / \ / - ~PSM_bias
o1 / N PSM_80° SWA |
s N = PSM 100" SWA ¥

-36 -30 -24 -18 <12 -6 0 6 12 18
X-position (nm)

24 30 36

Fig. 5. Aerial image of BIM and PSM with mask
absorber having SWA of 90°with mask bias to
compensate volume change due to SWA of
80°and 100°.

o} 9174 W9 vix==7t Z47F A 24 nm, 1.4 nmE
vehte 3 siele] 749 242 2.9 nm, 1.1 nmZ 1
zto) 7} B & 4 8h= ).

vloju 2] mpA= 2] 79 SWAC] 90°0] A 10°%F
W/t dojd w) F7A1e] F3)7F SWA©| 90°Y o
Z|Eo 2 AU 17.1%5E 73] 7447 dojdrt vt
o YA W9 rlA=E SWA©] 90°0A] 10°%HE M3}
7t Lol u T2 Aol 3] HEkE2 9.9%Z v}
olyg] wazo) vls) 2He A& Bl o]= v}
oldg] vi3e} Q4 W] miT o] A FAVE S
2} Yelu= dAko 2 blolya] vpae] 7% 70 nm
o A FAZE 2w miaIe) v AL &
FAE 7ML 47) W& o] 22 SWA 3} o] g
S F3] Wt 3 W vi3d] 1] & AXA
Aot A9 R3] "3yt AR 79 73 d'olA
olm A EAe] WslFo] A3 A Yelhts AS
2 = Jed ole 49 HdolA FFAZ 23 mask
3D effect”} 413}= 7] wjiEol] SWAR ¢+ F4=3) 2
53 W37} olm A A0 v XE JaFo] 7 e
of vlal o =] wj&olct.

SA Fu)7F olofg] g ol A4 wX e JEgFS &

lu

rgou o

2
e
£
Lo
4z
1)
B
il

3}7] Q& SWA®] 904 Hl

A1) A91AQ HE AAE S+ 7

b zbzke] FAE 18 nme &g T

Hoj| tjgt ofefg]d o]m)A] A :

Fig. 5% vlelyz] mixziel 974 9] vi=o) s

SWA®] 90°91 4 10°%HE "ol &
A

(o o 12
Moo
&
o
x
o
)
o2,

ol
ol
¥
vy

4y
2
o
8
Z
=
o

A AEE AT FFA 9] dlo]
gk Zolth. vlolyg] wikziel 94 W] npaAe]
FA Y MEL 747F —12.34, —7.14 nm T S ES
ZH SWA®] 10°9HE Hlojd uf T Ao 3
¥ W3S gEeo] Ak 2 A, vlolyg] via
9} 92 WS miI A ZH2} 80°, 100°2] SWAS 7}
A= FFAe AZ2E ZAaAZ FFA ) disl] A<
fFAFSE dlofg] D olr|AE YERIT. wEhA] S5A
o] Ru7} mpize] olny] B4 A HH o Z Aol
Qo SWA whE S| Hu) wWalgke] Ay o
2 22 9 9] mkamE SWA WE oln) B4
Hslgo] Holxithe AE I

Z3A e Al EEolAS T3l 2 SWACIA Y
Bue 23 9 =3 Ui 34 38 =8 Tk
th Fig. 62 =3 ¥4 9] 425 Yehll= dxg<l
AEZ 57 AZ9] £10%2] 23 HE Qo) E0i7t+=
WS e 7 U= 23 E =37 feolt. g
349 T3 A=ol wet bt SWAe] EAlst= Bt
234 i3] AA =3 3HS PP o A 73k 2
Fholt}., wlolig] wpaI e} 914 WS w3 g
34 FE=E gRlal] 2 A3 SWAo] 90°0i|A] Blojd
T2 Yl JH S 9 U SR EHE =@ Fo| Fo
E7) At} o]& FA12] SWA©] 90004 Hlo| g2
0214, 12} 34832) 31" §80] A4 HFHog 9
ol Aol =l We| AA A FFo] Folx]y]
o 2ot} 100° SWAIA 4 38X+ 80°2 SWA
< 71 wje} A9 AR A3E Hol] ujiZol 80°
S+ 90° SWAOIA o] Ak vERfSdTE

e HES e 202 3PS o FA 3
£59] F3 o] dojuA] Go} F IS BF EA
& 34 24 4L 4 givh v ) He vk
A= 80°7FA] SWA©°| Walt gt 90°9] SWAS 714
E EFFAd SHPE =3F 2 2 38 % 99
EA). o] 4 WS mRIv) vlo|y ] mRTe|
H|5] SWA©| Eo1EWA AV]= 44 H3) W3t
H Ho] Y3l duHS 48§ Je =3 ")
z7) wjiolth, Wk Fig 65 538 7t vpa=9)
SWA® wE =3 FA ] 1858 RIS o 94
W rRaZrE SWAS] Wste] tisl] o 953 &

N

¢

Y

Journal of KSDT Vol. 15, No. 2, 2016



36 e A S e
> 12 B

o FollAli ololziel olulA] B kAl e
5, B9 B9 SUAcl TAS A AT )
g 2215} 913 fl njaze) ol B4 % =% 33
2l o) S8 =S B3 1 A3k N WS waz}
: 24 9 3 AR olold 42 wsigel ol
=

25 Vel vaziol Be) 42 A%E ey Ea
.

=

30 4

—BIM_SWA 90°
BIM_SWA 80°

27 T T T
-0.4 -0.2 0 0.2 0.4

Focus (um)

45

42
o
E 39 g
=
g \
<
2. PW overlap
S 36 =
LR P
) V4 \
-
21 S s
B ~_~-
=

—PSM_SWA 90°
PSM_SWA 80°

0.4 02 0 02 0.4
Focus (pm)

Fig. 6. Results of process window simulation for BIM
and PSM depending on absorber SWA of 80°and
90°for (top) BIM and (bottom) PSM.

oo
i
2N
ﬁ

R =
oz SWAS B2 dlojg|d olnx] & 7
HEd Al EH)IAS Bl olnH 54 ¢ =%
FEEE TS w 9 He) npaIE o
EAY =3 34 3859 Wslgo] 2| WHZ—
2F W9 mizFd Hlg) niaA A= FA 58
FIAE 5 it 53] 913 WS v s AF%M
dlolg] mi3e vlsl] -3t o]u]y 5EAS
HE ks A 7R vk 237] wiEel
9 mEAE ARt FA8S Jdste Aol
< 28 lof o
1ot F712 gAY =
] S5egk oln A B9 H

:ﬁ,

o o 2 Y ki

oot

=

ﬁ do o fn = 2 ol off
i

HtEA ) A~Z g o] 7]& s8] A] Al1538 A23, 2016

SWA Hi3}ol] m2 =2 24 385 =3 Jr= v
2wl 91 wel vpaAst F H we el
SWA©I tiaiA 3ol dofyttt. 7] A7t yeht
= olfr= #17% Wel vkaAr) vpol E] wiAe] v
OH Sk FAIE 7L 1ol SWA Hslol| mE SA|
oo wsleFo] 2topA]7] wiEeltt. SWASY thEt
A -] 2] Wshake] ZopAHA SWA W37} o
2 ojuA] gl HF gA el A= Gl 2
oA A Btk AR A9 AE A4S B 7}
A2 olofe]d o|mAE SRl Hoks o, 22
& 7HE FFAE A frAke dlolg]d olnA &

@, ot

4m h

welth meb 9 WS vk AL o) ol
Ue) niazig ARga 2] vs) SwAe] o]v]g 54
of ¥R Fao] Aol rhrz Yol F o Y

OPCE A A2 & 9 Ao 7lheet Bl vt
2 A4 3% A Mol & ) e 3 8

£F gusjel viaz A4 ohls 280 9] F
FelE Ae A 9L Zolth
#Ae| 2

o] Ei-E o= AR MSIP)IAM FHske F=AF
A T(National Research Foundation of Korea, NRF)
o] 7129 AFY(Grant No.2011-0028570) 2 KLA-
TencorAk2] PROLITH™e]| ]3te] 2] =S

rok

y =
2

1. ITRS organization, “International technology road-
map for semiconductors 2013 edition : Lithography
summary”, March, 13, 2015 from http://www.itrs2.net,
(2014).

2. E. Hoshino, T. Ogawa, N. Hirano, H. Hoko, M. Taka-
hashi, H. Yamanashi, A. Chiba, M. Ito, S. Okazaki,
“Dry Etching of Ta Absorber for EUVL Masks”,
Proc. of SPIE, Vol. 4186, pp. 749-755 (2001).

3. R. Wistrom, Y. Sakamoto, J. Panton, T. Faure, T. Iso-
gawa, A. McGuire, “Controlling the sidewall angle of



A3 S vpaae] FA] Hde] 7170 ek 22818 Y 37

10.

advanced attenuated phase-shift photomasks for
14nm and 10nm lithography”, Proc. of SPIE, Vol.
8880, 88800W (2013).

. J. Karttunen, J. Kiihaméki, S. Franssila, “Loading

effects in deep silicon etching”, Proc. of SPIE, Vol.
4174, pp. 90-97 (2000)

. S. Jensen and O. Hansen, “Characterization of the

Microloading Effect in Deep Reactive lon Etching of
Silicon”, Proc. of SPIE, Vol.5342 (2004).

. C. Hedlund, H.?O. Blom, and S. Berg, “Microloading

effect in reactive ion etching”, J. Vac. Sci. Technol A,
12 (4), pp. 1962-1965 (1994)

. Y. Du, C. J. Choi, G. Zhang, S. Park, P. Yan, and K.

Baik, “TaN-based EUV Mask Absorber Etch Study”,
Proc. of SPIE, Vol. 6283, 62833D (2006)

. T. Abe, A. Fujii, S. Sasaki, H. Mohri, N. Hayashi, T.

Shoki, T. Yamada, O. Nozawa, R. Ohkubo and M.
Ushida, “Process development for EUV mask pro-
duction”, Proc. of SPIE, Vol. 6349, 63493G (2006)

. U. Dersch, A. Korn, C. Engelmann, C. Georg Frase,

W. HéBler-Grohne, H. Bosse, F. Letzkus, J. Butschke,
“Impact of EUV Mask Pattern Profile Shape on CD
Measured by CD-SEM”, Proc. of SPIE, Vol. 5752
(2005)

E. van Setten, C. W. Man, R. Murillo, S. Lok, K. van
Ingen Schenau, K. Feenstra, C. Wagner, “Impact of
mask absorber on EUV imaging performance”, Proc.
of SPIE, Vol. 7545, 754503 (2010)

11.

12.

13.

14.

15.

M. Sugawara and I. Nishiyama, “Impact of slanted
absorber side wall on printability in EUV lithogra-
phy”, Proc. of SPIE, Vol. 5992, 59923V (2005)

E. Gallagher, G. McIntyre, T. Wallow, S. Raghuna-
than, O. Wood, L. Kindt, J. Whang, M. Barrett, “EUV
masks under exposure: practical considerations”,
Proc. of SPIE, Vol. 7969, 79690W (2011)

S. Lee, L. Lee, J. G. Doh, J. U. Lee, S. Hong, J. Ahn,
“Improved imaging properties of thin attenuated
phase shift masks for extreme ultraviolet lithogra-
phy”, J. Vac. Sci Technol. B Vol. 31, 021606, pp.1-5
(2013).

S. Hong, S. Jeong, J. U. Lee, S. M. Lee, and J. Ahn.,
“Stochastic Patterning Simulation Using Attenuated
Phase-Shift Mask for Extreme Ultraviolet Lithogra-
phy”, Appl. Phys. Express Vol. 6, 096501, pp.1-4
(2013).

J. Y. Jang, J. S. Kim, S. Hong, H. Cho, and J. Ahn.,
“Evaluation of Imaging Performance of Phase Shift
Mask Depending on Reflectivity with Sub-resolution
Assist Feature in EUV Lithography”, Journal of the
Semiconductor & Display Technology, Vol. 14 (3),
pp.1-5 (2015).

Hed: 20163 5€ 23, AAKY: 20169 69 3%,
AAZAHL: 20164 62 10

Journal of KSDT Vol. 15, No. 2, 2016



