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Abstract High average power high repetition rate TEA CO, lasers have many important applications such as laser
manufacturing, laser ranging and military applications, especially its optical quality is the key point for its
applications. Based on original high power TEA CO, with stable resonator in this paper, three sets of telescopic
positive-branch confocal resonators are designed and manufactured using unstable resonator scheme. The
corresponding comparison experiments are performed with single-pulse energy and divergence angle. Experimental
results indicate that using unstable resonator can largely improve the divergence angle and compress the pulse width
as the same time to maintain the high single-pulse energy. The single-pulse energy 13.4 ], the divergence angle
1.2 mrad and pulse duration time 49.5 ns are obtained from the best unstable resonator. At the same time the output mirror
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freezing by change of state can guarantee the average power of laser greater than several kW at high repetition rate.
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Fig. 1 Primary machine of TEA CO, laser
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Fig. 2 Scheme of virtual confocus unstable resonator

XF T OGRS BB R e S R E

Wit L S EUE CAER L B G > 1 bR g
KM IE 2 SORE SR AR R S 1 L S S B i A2

_ —2L _ 2ML
RliM*l’ RZ*M‘ 71’ (3)

A LI IR Ry S R 2050 D i 1 858 R 1 35 10
il A AR MO TR AIR A JOR 25 B R 15 sRTE
YR M 9 22 15— A AR ST S8 O RN O B

M FME & b — 2 09 T 1 H 05 T 5
for b SRR 10 S 1 BR AT S WA A GF L 2R A i e A o
HOR B AR B BRI N o O T AR A SR i i e A e
T3 VR I BE T AR AR I AT — 1 S5 (AR R
HAC XTIy SO IR I L S5 (e TR v H A

_ (M—1Dd/2)"

No =" @

Kb d Dy B AR

[ i kg 1 3 43 A P9 PR AR IS BB 1 L
18 D = 42 mm R4 ER AR IS BT 3 4L
BErIZ RN 1 s i Hh RS B i o o H AT A
TE 1L % 9900 1 ZnSe V101 B b 7% He AT 7T G0 Jrs
KAPATBE O BEL A AR T A .

#£1 L=2220 mm,D=42 mm F 3 LS4

Table 1 Three sets of parameters for unstable resonator when L=2220 mm and D=42 mm

Magnification Equivalent Fresnel

Radius of output

Curvature radius of Diameter of output

No. ratio number mirror /mm rear mirror /mm mirror d /mm
1 1. 64 2.23 —6894. 4 11334 25.6
2 2.19 2.33 —3726.1 8166 19.2
3 2.45 2.25 —3060 7500 17.1
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Fig. 3 Mirror sets of unstable resonator
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Fig. 5 Pulse width of unstable resonator
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Fig. 6 Spot pictures of different distances

A 1) B ) A AR B i B DA 3 B % A AR HL AR AT S
JIT TR SRR 5 5 14 v 8 20 DI R 4 A s B X I O B R
B A IR 7 A O ] S L B0 i TR B
Il CE HOEaCAS R AR BOSOR L AT LU 5 A IS Y
J& BB R/ R AR R PR T R IX R s . ik b
4SS BE R /N VR B 22 1] 0 B A B e AR AR A 1Y
SEBRCHR R H A 2N 1. 2 mrad, A BE T RS 45 4
HIBOE RS B A BUf (2. 4 mrad) 25 T —1% .

4 4k ®

SF6 S 3 R Bkl TEA CO, OB 28, %3t T 3
AR B AL AT XS OSSR % R 2 W I
A 01 O 2 05 150 5 5 0 S50 10 S L U B 42

OGO A B AN B SEAR SR A T 1
Oyt — 25 H X RO fe AT HOE I T MOt T
S TAFZE 55 0 B8 5E T kAl

& % x #

1 Zuo Tiezhao. Advanced Manufacture in 215 Century-Laser

Technology and Engineering[ M]. Beijing: Science Press, 2007.

506~506

ZERAN. 21 s st

AL, 2007. o()owa()6

B. Molocher. Countermeasure laser development [ C]. SPIE,

2005, 5989. 598902-1~598902-10

3Y. V. Afonin, A. P. Golyshev, V. F.
Technological continuous electric-discharge CO; laser of 8 kW

oA AL L[M] Jta: B

Do

Filev e al..

power with cross gas pumping and high-quality radiation [ C].
SPIE ., 2005, 5777 . 446~451
4 N. Hodgson, H. Weber. Laser Resonators and Beam
Propagation: Fundamentals, Advanced
Applicationsf M]. Springer, 2005. 1~15
Y. Takenaka, M. Kuzumoto, K. Yasui. A 5 kW CW CO; laser
using a novel negative-branch unstable resonator with a phase-
unifying output coupler[J]. IEEE J. Quantum Electron. , 1992,
28(9): 1855~1858
Chen Jiayuan, Yu Wenfeng, Yang Feng et al.

Concepts and

(21

o

. Beam quality of
unstable resonator of TEA CO; coaxial output laser with vortex
tube cooling system[J]. High Power Laser and Particle Beams ,
2007, 19(7) . 1057~1060
BRfEoe. RoC, 4 0§ 48 TEA CO: BUOG & R I W 4 dE A2
FOEHRFAT]. Batk 5 4T k. 2007, 19(7): 1057~1060

7 Yang Feng, Yu Wenfeng, Chen Jiayuan et al.. Beam quality of
TEA CO. lasers with coaxial output unstable resonators[ ] ].
Laser Technology . 2008, 32(3): 314~316
B U, RS0, BREESC S TEA CO, WG R 4R £k o i
L], ok R, 2008, 32(3): 314~316

8 N. A. Generalov, N. G. Solovyov, M. Y. Yakimov e al..
High-power CO, laser with VRM unstable resonator: beam
quality control and characterization [ C]. SPIE, 2000, 4165:
210~218

9 Luo Shirong, Lii Baida, Huang Lu. The far-field intensity

distribution and beam quality of unstable resonators[J]. Laser



LAl MWL mUEMK M AERE TEA CO. 0L 85

Technology, 1999, 23(5): 281~284
Do, BEIL, WOH. JERR R 0 I 3 06 3R 4 A RO SR
[JJ. #b3 AR, 1999, 23(5) . 281~284

10 Fu Lei, Shi Jiangmin, Zhang Lingxiang et al.. Simulation of the

alignment and misalignment of an unstable resonator[J]. Chinese
J. Lasers, 2001, A28(8): 709~713

i

T SRVL R, R S Sl R I AN O 9 5 W B 3 ST ML O

H[J]. ¥ E%k, 2001, A28(8): 709~713

11 Zhang Xiang, Xu Bing. Yang Wei. Influence on out coupled

mode by introducing intracavity mirror tilt perturbation [ ] ].
Chinese J. Lasers, 2006, 33(3): 303~310

koML WK . I BERLE B X IE Sk AR Ok
FBA ML) E%ock, 2006, 33(3): 303~310



