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CO, laser amplification technology based on RF waveguide
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Abstract: Toward the application demand for high-power, high-beam-quality CO, seed lasers in extreme ul-
traviolet lithography light sources, the CO, laser amplification technology were investigated based on a radio-
frequency (RF) waveguide architecture. On one hand, The static insertion loss and output beam quality of the
RF waveguide amplifier were measured as a function of incident beam parameters and the optimal mode-
matching parameters were determined. On the other hand, a numerical model of the multi-stage RF wave-
guide amplification was developed to evaluate the effects of the gas pressure and the discharge pumping

power on the amplification factor. The technology of regulating with gain medium was implemented to op-
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timize the amplification performance in the experiment. The experimental results indicate that the optimal

mode-matching conditions were identified with a waveguide length of 2.5 m, yielding a transmission effi-

ciency of 91.4%. The beam quality factors of the output beam in the horizontal and vertical directions were

1.03 and 1.05, respectively. An overall amplification factor of 68 was achieved in a dual-stage RF wave-

guide amplifier. The system delivered CO, laser emission with a repetition rate of 50 kHz, a pulse duration of

20 ns, and an average output power of 17.1 W, satisfying the design criteria and demonstrating its suitability

for high-power, high-beam-quality seed laser applications.

Key words: CO, laser; master oscillator power amplifier; mode-matching; gain medium regulation
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Fig. 2 Experimental setup of the secondary amplification

system
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Fig. 4 Measurement results of the beam quality factor. (a) Relationship between the beam quality factor and the diameter of

the incident beam; (b) measurement results when the incident diameter is 2 mm, with the inset showing the beam in-

tensity distribution

3.2 BRI AR

ASLFHF IR Frantz-Nodvik Yﬁﬁfﬁﬁﬁlﬁfii@,
FEE T SR B BUE A, Bl TR ) i e
BRI FEL RV T SR O R G B D R Eﬂ]ﬂ
nE sCEE WA M) B . ATLUE H, BE

A TR DI AR B, il RO AR g g n,
H AR T B /M 508 1 R, RO R
Wik e A PIGUICRAR R R 4L, B FEA A
AR DR A SR AR AR L. A
TR E N 0.25 W, UK F 58l 43 51 oA



2

EALE, &5 IS CO, WOLTBUREAR 255

4.0 kPa, 6.0 kPa, 8.0 kPa il 10.0 kPa i}, %y i
ES 51k 283 W, 162 W, 10.5 W Fl 7.4 W, %
R BT A 2R R 117, 65, 42 F1 30 f5.
SO RSB A e A 25 PR s 1

S5 PR TR 2R G 4 B 3 B s e A
T D R AAE O, a6 G & WL I HL 7 R )
PR o UK G5 0% O o 22 Bk i S 2
RPN, nE 6(a) s, ASHEOEIhR
H0.25 W, 555 —JU KR I R 43 31 R 5.0 kPa,
5.5 kPa. 6.0 kPa £l 7.0 kPa s}, H5 i ¥y Hi G 2R 4y
WIh 3.4 W, 3.6 W, 3.5W Fl 3.0 W; B4 — i
KA R [E5E N 5.5 kPa, HFF 3.6 W % 0O
YER S R A B0, anlEl 6(b) o, JF R
THOR R RF IR SRR . Y U AR
JE43 54 5.0 kPa, 5.5 kPa, 6.0 kPa £l 7.0 kPa I,
e i OB IR 156 W, 17.1 W, 158 W
L 125W, FEMPRKR R G, R EY R
5.5 kPa, SLHL T 68 fH I RKAG %, i EARE

(a)
3.00 - QTR
2
o 2.00
o
[=W
—4— 5 kPa
1.00 —=— 5.5kPa
—— 6 kPa
—+— 7 kPa
0.25 . .

200 300 400 500 600
Discharge pumping power/W

FIEE AL = T 6.0 kPa B W& B &, (HAEMR T
6.0 kPa Fif tH B I 22 5, 2 SRR O RO B A A
SAPRIC e F 5 AR BT AN DL I, B0 AR
S, AR AU I D3  AREAR TR

----- 4 kPa L
25.00 —— 6 kPa R
-- 8kPa
20.00 k- - 10kPa S '
z ’
5 15.00 |
2
)
[=%

10.00 +

5.00 +

0.25

200. 460 6(I)0 860 1 OIOO
Discharge pumping power/W
Bl 5 ORI R HOR 2R Gtk D3R BE AT L D A A8
T B
Fig. 5 Output power of the amplification system varying
with the discharge pumping power at different cav-

ity pressures

(b)
15.0 -
E /_——l
2 10.0 -
A~
—+— 5kPa
—=— 55kPa
50F —e— 6 kPa
—+— 7 kPa
3‘6 1 L

200 300 400 500 600
Discharge pumping power/W

Bl6 ARG T i i1 DR B A AR DR LA Bl o (a) SR —ZHOR s () 5 R &%

Fig. 6 Variation of output power with discharge pumping power at different cavity pressures. (a) First-stage amplifier; (b)

second-stage amplifier

4 % &

A SCIH 5] EUV G20 i P3| bl i
CO, P FHOC RGN T 2, TP TR T 449
W L5 CO, WOt MOPA HOEH RIS,
FE T NSRS RO A0 AL K AU
SR o 38 3 A 7 AR 5 22 HOOR B A
B BIRFE T /M55 18 it 2 B s AR L 2

S 3k

R, WS E T AR ERS
BT ORI AE R 0.67, BEA A% fi 3R A
91.4%, L3t BORAR A, i G RAE K- S5 By
[ B4 Y R B PR 40 1R 1.03 A1 1,05, i el 4
EPEEROR, MIEA 025 W TR OCIRET, 52
BT 68 f5 AR E DY RHK, BRAT T HE MRy
50 kHz. Jbk o 55 B A 20 s, fii it ) R 17.1 W
(A ok ok o

[1]  YANGY X, LIUK X, GAO Y H, ef al. . Advancements and challenges in inverse lithography technology: a review of



256

REYEE (FP3ES0) %19 %

(2]

(3]

(4]

(5]

(6]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

artificial intelligence-based approaches[J]. Light: Science & Applications, 2025, 14(1): 250.

EAE, R, RSSO CIR A AT RORBEFEHERE (V] P Bk, 2024, 51(7): 0701002,

WANG J, ZHAO K. Research progress in generation and spectral technology of high-repetition-rate extreme-ultraviolet-
light sources [J]. Chinese Journal of Lasers, 2024, 51(7): 0701002. (in Chinese).

AT AR ST, A TR 1) A 55 06 220G IR 8 A4 G~ 0 S A i (0] 3ok 5 ok b P R, 2025, 62(13):
1300006.

FU L W, LIN N. Progress in optical measurement and detection of tin droplets for extreme ultraviolet lithography light
sources [J]. Laser & Optoelectronics Progress, 2025, 62(13): 1300006. (in Chinese).

SHEN W H, LU Q P, SONG Y, ef al.. Study on tin contamination deposition mechanism on collector mirror surfaces in
LPP-EUV light sources based on hydrodynamics and particle simulation theory [J]. Vacuum, 2025, 233: 114024.

A, S, A, FRT RPN CO, HOLHUR SRS RALIL Y], F B 3L, 2024, 51(7): 0701016.
YOU C, HUANG W, LIN G J, et al.. Optimization of fast axial flow CO, laser amplifier parameters based on genetic
algorithm [J]. Chinese Journal of Lasers, 2024, 51(7): 0701016. (in Chinese).

wr, REF, B, F. SR CO, WOLER 21 L ARIBHTIC A M 45 et (1], F Bk 5 (F 3£ 0), 2025,
18(5): 1155-1163.

HUANG P, ZHAO CH X, DONG ZH J, et al.. Design of dynamic L-type impedance matching network in RF excited
fast axial flow CO, lasers[J]. Chinese Optics, 2025, 18(5): 1155-1163. (in Chinese).

RAZEGHI M, BAI Y B, WANG F H. High-power, high-wall-plug-efficiency quantum cascade lasers with high-
brightness in continuous wave operation at 3-300um [J]. Light: Science & Applications, 2025, 14(1): 252.

ZHANG R R, GAO Y, PAN Q K, et al.. Experimental study on optical isolation characteristics of SF¢ for a high-
repetition-rate nanosecond CO, laser[J]. Applied Optics, 2025, 64(8): 1949-1955.

ALMHE. B AR B S 1A LA R 5 XA B A A AAT L (D] A0 T ER2ER R R 2E, 2023: 38-62.

DU T Y. Research on key technology and application of high laser damage threshold spatial light modulator[D]. Hefei:
University of Science and Technology of China, 2023: 38-62. (in Chinese).

HUMMLER K, ZHU Q SH, BEHM K, et al.. High-power EUV light sources (>500W) for high throughput in next-
generation EUV lithography tools[J]. Proceedings of SPIE, 2024, 12953: 129530V.

IWAMOTO F, UENO Y, NAGALI S, ef al.. Development progress of Gigaphoton’s LPP EUV light source for inspection
systems[J]. Proceedings of SPIE, 2024, 12953: 1295313.

NOWAK K M, SUGANUMA T, ENDO A, et al.. Efficient and compact short pulse MOPA system for laser-produced-
plasma extreme-UV sources employing RF-discharge slab-waveguide CO, amplifiers[J]. Proceedings of SPIE, 2008,
7005: 70051Q.

SCHAFGANS A A, BROWN D J, FOMENKOV 1 V, et al.. Performance optimization of MOPA pre-pulse LPP light
source[J]. Proceedings of SPIE, 2015, 9422: 94220B.

NOWAK K M, OHTA T, SUGANUMA T, et al.. Multiline short-pulse solid-state seeded carbon dioxide laser for
extreme ultraviolet employing multipass radio frequency excited slab amplifier[J]. Optics Letters, 2013, 38(6): 881-
883.

BRANDT D C, FOMENKOV I V, FARRAR N R, et al.. CO,/Sn LPP EUV sources for device development and
HVMIJ]. Proceedings of SPIE, 2013, 8679: 86791G.

ot R TAE, R, F LR URRNLER CO, BP0 K bk R A R R BB B (D). B ok, 2023,
50(11): 1101017.

YE J H, ZHU Z R, BAI J ZH, et al.. Theoretical research on output characteristics of high-pressure isotope CO,
picosecond pulse laser amplification[J]. Chinese Journal of Lasers, 2023, 50(11): 1101017. (in Chinese).

HARE, B EAR, R A, 5.2 kW B ZE CO, SOLAR i DL AU IE R PE i 5T [V, F B#E, 2014, 41(4):
0402008.

XIAO L SH, TANG X H, QIN Y X, ef al.. Shaping characteristics of output beam of 2 kW radio frequency slab CO,
laser [J]. Chinese Journal of Lasers, 2014, 41(4): 0402008. (in Chinese).

TR AR CO, B R 5%k B A1 & A L (D], K& hEBHERE RS (7 R bR B B
LY EHSET), 2021: 20-28.

ZHANG R R. Study on technology of short pulse CO, laser amplification and noise isolation[D]. Changchun:


https://doi.org/10.3788/CJL231498
https://doi.org/10.3788/CJL231498
https://doi.org/10.3788/LOP242388
https://doi.org/10.3788/LOP242388
https://doi.org/10.1016/j.vacuum.2025.114024
https://doi.org/10.3788/CJL231509
https://doi.org/10.3788/CJL231509
https://doi.org/10.37188/CO.2024-0096
https://doi.org/10.37188/CO.2024-0096
https://doi.org/10.37188/CO.2024-0096
https://doi.org/10.37188/CO.2024-0096
https://doi.org/10.37188/CO.2024-0096
https://doi.org/10.37188/CO.2024-0096
https://doi.org/10.1364/AO.544457
https://doi.org/10.1117/12.3010135
https://doi.org/10.1117/12.782606
https://doi.org/10.1117/12.2087421
https://doi.org/10.1364/OL.38.000881
https://doi.org/10.3788/CJL221558
https://doi.org/10.3788/CJL221558
https://doi.org/10.3788/CJL201441.0402008
https://doi.org/10.3788/CJL201441.0402008

5520 AU, 5 SR CO, HOBHOAHA ’s7

University of Chinese Academy of Sciences (Changchun Institute of Optics, Fine Mechanics and Physics, Chinese

Academy of Sciences), 2021: 20-28. (in Chinese).

[19] GORDON I E, ROTHMAN L S, HARGREAVES R J, et al.. The HITRAN2020 molecular spectroscopic database [J].
Journal of Quantitative Spectroscopy and Radiative Transfer, 2022, 277: 107949.

[20] ILUKHIN B I, UDALOV Y B, KOCHETOV 1V, et al.. Theoretical and experimental investigation of a waveguide CO,
laser with radio-frequency excitation[J]. Applied Physics B, 1996, 62(2): 113-127.

TSR

T (1994—), B, ILARTT A, 1
4, BIBFIE R, 2021 4FF o = Bl 22 B
o KRG B WL 5 4 BRI 5T T 3K A5
w.i@i%ﬁfﬁ, TN F SRR LH

N FH A U F5Y . E-mail: zhangrrei
omp@]163.com

&
¥

.

Jil 25 F (1993—) , 55, S g Ve /R 15
N F, By BT 51, 2023 4F F I /R
B Tl R AR A e o, ERNH
BOGH AR 5 EUV OG5 S5 88l 1 BIF 5%
E-mail: zhouyiping2020@126.com


https://doi.org/10.1016/j.jqsrt.2021.107949
https://doi.org/10.1007/BF01081112
mailto:zhangrrciomp@163.com
mailto:zhangrrciomp@163.com
mailto:zhouyiping2020@126.com

	1 引　言
	2 波导CO2放大模型及功率放大原理
	2.1 多级波导放大系统实验装置
	2.2 CO2激光放大理论

	3 分析与讨论
	3.1 输出光束的传输损耗与光束质量
	3.2 激光增益调控技术研究

	4 结　论
	参考文献

