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Development of Light Sources for Lithography at Present and for the Future
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In projection reduction photolithography processes, the heart of semiconductor mass-microfabrication, KrF excimer lasers are
used for 180 nm and below, ArF excimer lasers are used for 100 nm and below, and advanced ArF immersion techniques are
used for 65 nm and below. In mass-production of 32 nm and 22 nm NAND flash memories, double patterning exposure devices
are used. This report describes where the development of ArF excimer lasers for lithography and that of CO, laser-excited
LPP-EUV sources for next-generation lithography currently stand and where they are headed in the future.
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Figure LITH3B  Lithography Exposure Tool Potential Solutions for NAND Flash Devices
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FB. MR L BN & HERIRIE, KORTHS
ns.
Resolution =k1 (Mn) / sinB
DOF =k2 nk / (sinf)’
k1, k2 : experimental constant factor
n: BHTE L R
TR R LRI ROBGRE (R 1) (RT.

% 1 Immersion combination of wavelength and n

REO=RY n medium A/nam NA Power
nm

KrF dry 124 1 Air 248 08 40

ArF dry 103 1 Air 193 0.5 45

ArF immersion 40 1.44 HO 134 1.35 90
EUV (A =136nm) 18 1 Vacuum 136 03 >250
EUV (A =136nm) 9 1 Vacuum 136 06 >600
EUV (A= 67nm) 45 1 Vacuum 6.7 06 >1000

22 BENRE—ZUTHEIH?

W, RITEREZEA S MG T) % & DRI IR TS
W 21 i CRA L7z, —F T—RIOZB X TIEZ o
Dk1fE%E 025 L FICFIFA2FEFITE AW, 2
BRI FXO—FlErd. ZORIZHD LI,
—[a B OB TR LI Z — O EN K E 2 %12
TLHENIEDTHD.
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(a)Self Aligned Double Patteming (1) Salf Aligned Double Patterning
Cross Sectional View Plain View

2 Example of double patterning process?
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Injection Lock technology -

Suppress acoustic wave effect

New thermal design

High resolution grating

)‘ Diffraction

grating
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3 Injection lock ArF excimer laser *
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32 AFIxivL—H%— “GTYY—X"
BUE Z OHIN % B AR 72 AtF Y Y 75 7 4 AR
“‘GT v U —X" BWX¥H T 4 h A Lo TEEZ LT
5. 2004 2 /L X ArF L—%—GT40A (4 kHz, 0.5 pm
(E95), 45W) ZXH 7+ h A bEE L Y, FIRE
Wtk & 1.5 fi5l2m B & 472 GT60A (6 kHz, 0.5 pm (E95),
60W) % 2005 4FIZ, 2013 4FIZiE 120W 1D GT64A 73
RHEINTND Y R4 ITHEFO GT64A DIMEZ <.
R 2 \TITTELREERT. 2D GT40A/61A/60A/62A (33t
WOTT v N7 4 —hE RO ETEVME N &R
PEEEF L TVD.

% 2 Specification of GT64A
Tuning range 193.330 - 193.450 nm
Power 90 W/120 W
Bandwidth (FWHM / E95) | 0.20 pm/ 0.35 pm
Repetition Rate 6000 Hz
Pulse duration >70ns
Maintenance requirement | 6 consumable modules
Size 2800 W x 820 D x 2050 H
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4 Outlook of GT64A
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Figs 4. Visualized acoustic wave (measured by Schlieren method)
30 psec after discharge 50 pusec after 100 psec after

Figs 5. Calculated wave front (calculated by PC)

5 Shock wave simulation and experimental data”
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6 Schematic of EUV exposure tool
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7 Schematic of Gigaphoton EUV source

42 HROBAZEFFELEHEOERR

R O B EE B OLEEHAIIKIN O IMEC 36 X UKE
SEMATECH @ Albany #FZEFTIZ 2006 FEITHA S 47z
ASML %I a-Demo-Tool & » CHFE L2 & — L7 Y.
F/-= a3 X EUV-1 & 2007 45(Z Selete fIA LEET —
X aAF LT, 2009 51X ASML fLHiZ 7 v 7 4 —L K
?® EUV B # NXE-3100 Z % L7 Y. EXTREME fH#lD
DPP KR Z## L7= 1 & & Cymer #H5 LPP SR 2 #4538 L
725 B0F 6 BEHM Lz, 49 100 W D BUV YR %
FA# L 100 WPH % HEE L7273, 2012 4ER T 7~10 W D
HZEER LEUV U VY 7T 7 4 RGEDR hvx oy 7 L
STW5. BfEIL 250 W @ EUV S A 4548 L 200 WPH
PLEDAPEN 2 LB T _RREFINTZTNT 4 — L RO
EUV v B NXE-3300 3B %8 91 C 2013 I 9) 5803 AT
ENDETRENTNS YD, Z DR OSCIRIZHAIE40 W,
6 RSN T — & 3 &y, 2015 4F £ TIZ 250 W IZT
v T L= RTHEEBARIN TN D, —FH THIFA
— WX VR ADENT EUV RS E N & 2, fE
DIEBE S NEELVRICSH D, EUV BB XEDOL B T
Cymer 1/ ASML fHICE I 41 (2013 4 6 H ), EXTREME
FRITBEtE Y o B O TR & 7257 (2013 4 5
H).

KOMATSU TECHNICAL REPORT

5. ERBMOKANDHER

51 ZEMHEDME L

2012 4EICIZ TV S A L—F— DL AR D fiifb &
ITWVEIR 72K 50% DR RUELZRI L. TR0 b,
IHNET/OLAGERK 10 ns D7 Y 72UV A EH) 10 ps D731
AWZEF LT CO, L= UL ATMENT B 2 & TEHL
T 33%005 4.7%IC1A b Uiz, it R st
e —2Thsd (B 8). WL~ TZDORRNE
BCeEE, T 21 kW 2L R CO, L—H T 250 W
® EUV 178, 40 kW 7S/ A CO, L —H T EUV 500 W
NERTEDHZLITRB 0

CO2 pulse enegy vs. EUV-CE

50
45
I 40
@ 35
o
g a0
>
& 25
w Pre-pulse laser
Q 20
3 s —s—10 ps
wo 0 ——10ns
05
00
0 50 100 150 200

CO2 laser pulse energy (mJ)

8 EUV conversion efficiency
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9 Schematic of Magnetic mitigation
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10 Picture of high power CO, laser experiment
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& 11 Overview of EUV source GL200E
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X 12 Plcture of proto-type EUV source GL200E
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13  World wide sales of excimer laser for lithography
(Data source: Gigaphoton)
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