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Experimental researches on acousto-optic Q-switched CO, laser
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Abstract: In order to meet the demand of 13.5—nm extreme ultraviolet lithography (EUVL), an acousto-
optically Q—switched CO, laser was developed, which has high repetition rate and high stability. First, the
operating principle of the acousto-optic Q—switch was analyzed and the relationship between the voltage
of modulated signal and diffraction efficiency was researched experimentally. And then, by studying the
influence of modulated signal duty cycle on pulse waveform, the appropriate duty cycle was chosen to
eliminate the pulse tail. Under the conditions of different repetition rates, pulse duration, power and the
pulse amplitude stability were measured and analyzed. Finally, the beam pointing stability of the laser
was measured. Experimental results indicate that the range of pulse repetition rate can be adjusted from
1 kHz to 100 kHz. When the repetition rate is 1 kHz, the minimum pulse duration is 252 ns and the
maximum peak power reaches 7 579 W. By designing the support frames mainly made of invar steel, the

unstablity of pulse amplitude is less than 3% and the beam pointing stability is only 46.6 prad. This
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acousto-optic Q—switched CO, laser is suitable for a seed source used in EUVL.

Key words: CO, laser; acousto-optic Q—switch;

0 5] §

FE AR 2 AR Tl P, 13.5 nm % 28 41 %1
(BEUVL¥AER T —AOCZIHA , T4/ T 22nm
TR, KRN RIEEZ — 2
P12 iy kv CO, WO S Sn A HAEH , 7™
A A B TR ER ST 13.5 nm EUV J6P, CO, #4065 Sn
AR, BOLTHREZILT pm, REFEEIE
10°~10" W/em? , 85 E Wi 75 £ 4 kHz 2 A kHz Z [H]
B | DM 5 R L [F] 2D XX CO, OGER 3l &
Gr LAY W 2 2R SR bR R o m YR ik
I CO, WG UK 2l & Gl H ok A R % YRR
(MOPA)Z5 ¥4 K A | B /NS ik o CO, WOLERAE
SRy T A v R ARE MR R OGRS
TR CO, D3R A8 X T 76 47 Dy 3R LA S
B YA ik vp CO, WOt ™, Fh—- U8 0 i th F
PEXTEEAN RGN MR 2 CEZE, UL o i RE 1Y)
/NAY K ol CO, U2 B il EUVL 1Y 85 2 PR 2
— BLAh, mrERE/ N Rk il CO, BOERRFE G 2 K
TR L OGN T K oI B A5 45kl th LA T R 1)
I R FE

/NI CO, WO S B bk i H0 19 D7 v E AL
PO Q ¥ (HLOGTE Q A OGIE Q .

HUAEE Q T F LR L B B AR P T I AR
SEIK b Bk e T FE Rl AR kW, H A
SRR fRT PR RS P AR AR A L A (32 e B RN A
D s B R S o) X L S R v R R R Sk e 1

G TH Q 53l W R CdTe ShiARAE R CO, Bt
FHTF A 14, AT 52 B &2 00 100 kHz | ik o 5 B
JU ns @ ik bd s H lF CdTe B8 A 4 FRIME, BL
PRPERERSZE , Py PR R — Sk 2~4kV, Him
TR (Y 5 R ko e TR AR RIME X AR D
W Q IEMIF ARG 24 A &

PG Q AR AEIE 4R I NI E O Q FFIOE, Al
FH P 6 AE FH 48 ) 6 s 45 R LA S B Q ik oy i3 11,
IZ 7 L RE A S CO, WO 75 Y e 4 7 Jik 9 i

repetition rate;

stablity

Hh, ELH AR (8] B AR BRSOk X T
JEIE Q kM B COo, WOLIRIAT N LB E
A 52 90 R 0 %k 1~100 kHz % 25 7T 8 (4 Jik o
e, Bk I s . S T U SRR sh Y S
V5 O B RS A DA BN A R SR L
3 TR p s R e, b bk b R (R E
T 3% e IE 10 FaENE N 46.6 wrad , 33X KK A G
Q CO, HOLARAE AT J5 0 T EUVL “5 45 4R it
THRE,

1 SCIf3E

1.1 FXQHFx

7t Q K (AOM) & 6 Q CO, L #s 1Y
SCHEERAE LT AEE AN 1 R, 2S8R AR A R
AR R B 2 5 RS 7 O R R BT 56 23 4 ) B AR Ak R
BCARAL M, 2 38 A A BT £ 77 AR AT 4 S
W% o I — R LT MHz B 58S 5 @ 1
AR SRR, RO Q JFICHYER B AR BEAE 7 A=
SIS, RS Al R RAE5 R AE28 AR R O
PS5 G AU 5 A, DT R e AR 7
Ib FAmFIRAS . L TR R Q % E o [F
Gooch&Housego 2\ /] f) CO, 7 )t Q FF I HET 5 3K 5l
#r o Ot AR 2 BB, X 9.4~10.6 pm K
(ITEHR, Hof i AT 95% , SHRURsh & ol 7= A e s
IR 125 W S 40 MHz [ 54505 5

m Ultrasonic wave

driver

Acousto-optical

Signal crystal

generator

1 e Q IT R TAR R B

Fig.1 Schematic diagram of acousto-optic Q—switch
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Fig.2 Experimental setup of acousto-optic Q—switched CO, laser
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Fig.3 Schematic diagram of diffraction efficiency calibration
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Tab.1 Results of diffraction efficiency calibration

No. UJ/v P/W PIW -
1 1.2 3.82 2.23 58.4%
2 1.4 3.80 2.47 65.0%
3 1.6 3.84 2.78 72.4%
4 1.8 3.85 3.06 79.5%
5 2.0 3.82 3.29 86.1%
6 2.2 3.80 3.49 91.8%
7 2.4 3.82 3.53 92.4%
8 2.6 3.82 3.54 92.7%
9 2.8 3.83 3.53 92.2%
10 3.0 3.81 3.54 92.9%
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Fig.4 Diagrams of pulse waveforms when duty ratio are 80% and

90% respectively
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Fig.6 Average power and peak power versus repetition rate
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1 kHz, 10kHz, 50 kHz and 100 kHz respectively
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Tab.2 Result of beam pointing stability calibration

n x;/mm yi/mm Z.m/mm A8,/ prad
1 8.289 2 6.591 2
2 8.3090 6.603 2
3 8.2170 6.628 3
4 8.116 4 6.6077
5 8.1958 6.594. 7
6 8.2219 6.609 6 0.046 6 46.6
7 8.2739 6.609 6
3 8.276 9 6.632 6
9 8.248 1 6.6140
10 8.2711 6.577 1
Mean 8.2419 6.606 8
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