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Although mass production of semiconductor elements by
EUYV lithography is going to begin, the performances of re-
sists are still insufficient. Research and development based
on radiation chemistry are required, but it is difficult for
academic researchers to evaluate EUV resist performance
because EUV lithography system is not easily available.
Therefore, we are studying a method to predict EUV resist
sensitivities by using electron beam. Electron beam is one
of ionizing radiations as well as EUV and is widely used
in nanofabrication. In this article, we describe the demon-
stration of the prediction method for overall exposure, and
the application of the method for nanopatterning.
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Table 1. Sensitivities of positive-tone resists for EB flood exposure.
EB energy (keV) PMMA (MC/cmz) ZEP520A (uC/cmz) ZEP7000 (MC/cmz) OEBR (MC/cmz)
30 153 62 5.7 2.8
75 360 140 13 6.0

Bt X — 7% 110 °C T 90 BT > 72Dt NMD-3
(HHUMETEE) T 60 BHIDBURWIL 24T > 72, 4T
DEGIIEI Tl 72, &6 - BIRHIRDOL X b D
i J5 7~ 0 95 (SPI3800, STI NanoTechnology)
% FTHNE L 72,

22 EBF/N\F—=>

%7, RLHEB L ¥ X b+ ZEP520A % Ji\»T EB
FINRY == IR TR BERE T o7, AE
v a— M2k D IEE 60 nm-80 nm D ZEP520A
2o a v R EICER L, S REmRE (ELS-
100T, ELIONIX) # W\ C74 v 7Y FAR—=2 %
B Ll 2D F ) 88 —vDHEN%2ITo 7,

Tt - B o L 2 2 b o R 5 1 BE
(AFM53OOE, Hitachi High-Tech Science) % V> CHlE
L 7.

3 BER-ER
3.1 EB - EUV £EEN

EB 4:[Hi# G 5 ENHRE E BB EOL Y A b
ﬁgwﬁﬁ(mﬁﬁﬁ)%wﬁtt.%%mﬁénk
RIS R I SCER® # 2R L Tk & », BEOR
Mz e b7zwL PR b QBRI A~ DIEMGED ML,
RBEBORENKDP T LA M2 ROHL P2 b
XD, RPHBL A MBI AEEIZL R FDS5E
BIFREIND LEDOFEHMELE L TERINS, Z

DIWERPSHEARSTZNFNDOL I A, T2

¥— (30keV, 75keV) TOIKIE% Table 1 IZ/R7, &
FREDZ AN X — I X o TEEIHE WSS Z L 2%b
5,

Figure | ICEYTALBRY I alb—Yavya—F
EGS57 %# M\ TEtHE L 72 30 keV, 75 keV @ EB D
PaRd, vV avERORAIICL P R b B
L 7R CiHEZ1T> T\ %, Figure | OFRG DM
EWEHRICEL BT O 2, EaOFRIE X KR
MaRL T3, Figurel(a) £ 0, EAHLDAHL %
BFDOI) L) a vHRE TEAL D BET

Resist layer

Resist layer

Si wafer Si wafer

200 nm:

200 nm

Figure 1. EB trajectories in a resist layer and

Si wafer in (a) a nanoscale range and (b) a mi-
croscale range.
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Table 2. Sensitivities of positive-tone resists in terms of absorption dose for EB flood exposure.

EB energy (keV) PMMA (kGy) ZEP520A (kGy) ZEP7000 (kGy) OEBR (kGy)

30 2222 887 82 40

75 2257 850 79 37

Table 3. Sensitivities of positive-tone resists for EUV flood exposure.
Wavelength (nm) PMMA (mJ/cm?) ZEP520A (mJ/cm?) ZEP7000 (mJ/cm?) OEBR (mJ/cm?)

3.1 200 54 5.1 3.0
3.9 145 38 3.6 1.9
5.0 - 78 7.4 15
6.7 310 129 11.8 6.8

Table 4. Sensitivities of positive-tone resists in terms of absorption dose for EUV flood exposure.

Wavelength (nm) PMMA (kGy) ZEP520A (kGy) ZEP7000(kGy) OEBR (kGy)
3.1 2492 808 75 45
39 2685 821 79 43
5.0 - 805 77 47
6.7 2275 798 73 42
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Figure 2. Linear absorption coefficients of
positive-tone EB resists.
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Figure 3. A comparison between EB and EUV

sensitivity in terms of absorption dose.
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Figure 4. Sensitivity curves of ZEP520A for
nanopatterned exposure.
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Figure 5. A point spread function of absorp-
tion dose distribution for 50 keV EB.
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Figure 6. Sensitivity curves of ZEP520A in
terms of absorption dose for nanopatterned ex-

posure.

IZEB ZE L 2B EmMDOL ¥ A M EIZE T BRI
Mm% EGSS Z# I\ CEIE L, &2 & Ol
Wxf LTSI L7, EB DT %)L ¥ — 50 keV D
HORER%E Fig. 5127, 2 OWIPGREDIZAKE L
ZOOMHEICb oS, —DIFE— L ARRD S
1umuW®ﬁwmﬁ%®ﬁﬁ?%b,:hMA%E—
L5 DEED 2 XKETIC X 2HELO¥ETH L. b
) —DFE— LA AR HP S 10 um £ TS %272
5D RIRINFR RO TH D, TF—E ) ay
HRETADAATLI A NBIZRE>TE B I K
6%ﬁﬂﬂ®%§?%é Z DA BABUE Hfil < & —

WG U CHCRE 3 4UE, RO RICB T 2RI
%i)‘ufﬁ’(g’%. ZNFNDONRY =BT 5 HHE
(WC/em?) H7-H DL P A FETOWIGRE (kGy) #
RN FIE L, Fig. 4 O %2 DR R & R L 7
JEJE A% Fig. 6 12, Fig. 4 8 X (N Fig. 6 2> 5 A0 -

Table 5.

7= ZEP520A D JEJE % Table 5 IZ/°9. 100 nm ML ED
A VIRDOINIARICB W TIEZNF N BILIHY T
MR ED E X 2 —B L7z, &t (50 um MY
DFEN) TEB 5 EUV ANDIRIEFHHER D 37D Z &
PWEZBE, BNBE LS 100 nm FRED 7 £ ViE
DFEIEE TIX EGS5 %2 W 22 IR~ DfEIZ X
LY A N DSBURTTHEIC 72 2 W A0S — D 12 P T g
T, EB 25 EUV NDIBREFRAHRL Y 32> T &3P
TE%, L2L—JT, 100nm X ¥y 30 nm D LS
N = TUEINRR R AR L 72 BED— L e &
DBbhhrol,

ZOMBEDKEIN L EGSS Ik 2Ly S 2L —
YavoEMNESBEIAR L TCwE o t®s
Z 65, EGS5 I EFOH 2B\ WAL T 2L —
>arva—FThord, REHY PF7ZFVF—0
1keVTH Y, BPFHOET OHEE) T VX —25%1 keV
DI LilHZ2K T L TE2TOIRALY—%2ZD

WEICHEETHRELEE>TwE, ZoMBLELTIZ
1mVuT®t@1$w# BTOVIE T VOIEE

<+“ﬁ%ﬁf$tﬁ%ﬁm%&w:k K =
zw# 1% 100 nm FEEE L 22Bh 2> 3 RILD HIB I
i%@iv?ﬁc R FREEDS AT 22\ T & 2 EZEIT 5
N5, 207 EGSS ZHHT 2R b 225 A6e 13 i
FTH 100nm BETH D, 7/ 88— ORRETFH
ZITHICEARLTwS, 5% &k W KEOE 7258

PIal—ya ICETLEMSmEEDm 2 EHE L
TWw3,

4 EE
RFEEITBWTIE, EBENXICBIT S EE L EUV

FTICB T 2 L2 2 2 IR IR 5 &,
T@%%@E@Jﬁﬁf% XZ2—HT 2SI

Sensitivities of ZEP520A for EB nanopatterned exposure.

Exposure pattern

Sensitivity (WC/cm?)

Sensitivity (kGy)

Isolated line (2000 nm)
Isolated line (500 nm)
Isolated line (100 nm)

Line and space (30 nm: 30 nm)
Line and space (30 nm: 60 nm)
Line and space (30 nm: 90 nm)

Line and space (30 nm: 120 nm)

78.1 471
78.9 459
86.1 455
116 625
123 653
126 664
128 672
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