A ER-INC)

Chinese Optics B

PMERIER EDFEOL LR BT

DU EEHE B AREE BRK R

Study on beam quality of DF laser with inner cavity unstable resonator
RUAN Peng, WANG Yu-hai, PAN Qi-kun, SHAO Chun-lei, CHEN Fei, GUO Jin

FIHASL:

BUMG, & FiE, &, AR, Bk, 220 W EER DO E AR B T 5T )], H EDEA, 2024, 17(5): 1068-1074. doi:
10.37188/C0.2023-0210

RUAN Peng, WANG Yu-hai, PAN Qi-kun, SHAO Chun-lei, CHEN Fei, GUO Jin. Study on beam quality of DF laser with inner
cavity unstable resonator[J]. Chinese Optics, 2024, 17(5): 1068-1074. doi: 10.37188/C0.2023-0210

TEZR R View online: https:/doi.org/10.37188/C0.2023-0210

L] RERGBR A HAN SO

Articles you may be interested in

5 BEROLCHR TR B T2 i P = 2
Analysis of effects on the beam quality B factor of high power laser
rREDEE (FRPESC) 2021, 14(2): 353 hitps://doi.org/10.37188/C0.2020-0137

A I i B i B BB
Recent advances in lateral mode control technology of diode lasers

HEDEE (FRESC) L2022, 15(5): 895  https://doi.org/10.37188/C0.2022-0143
R R DO OCR BRIt Rt

Design of optical system for quality evaluation of a large rectangular aperture laser beam

R EDEE (FRPESC) 2022, 15(2): 306  hitps://doi.org/10.37188/C0.2021-0130

KA CHLIT e B T A SO G T o I
Research progress of high—speed vertical—cavity surface—emitting laser in CIOMP
FREDE: (FRPESC) L2022, 15(5): 946  hitps://doi.org/10.37188/C0.2022-0136

TEATIR L AT B A3 2501 nm EOEHOEE
Double pumped composite cavity 501 nm cyan laser with tunable injection power ratio

R EDEE (FRTESC) 2021, 14(2): 329 hitps://doi.org/10.37188/C0.2020-0161
FH T8 1 IR 7 4 S 0 3 L T R SO 6o

Narrow line width and magnetism—{ree vertical—cavity surface—emitting lasers for quantum sensing

FREDEF (FRZESC) 2022, 15(5): 1038 htips://doi.org/10.37188/C0.2022-0135


http://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2023-0210
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2020-0137
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2020-0137
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0143
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2021-0130
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0136
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2020-0161
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0135

H17% 5 rhEDGE: (Hrsesg) Vol. 17 No. 5
2024 4E 9 H Chinese Optics Sept. 2024

XEHRS 2097-1842(2024)05-1068-07

M2 AETEAE DF HOE X RBREHA R

OB, AEELERERLBATLE O
(1. FMFEAFE EERAFER, 48 HF 1360005
2. HERF K F N FAE B G WA K BT, F 48 K& 130033)

FEE: OGO R R R A ORI A e B0 BB AR 2 —, T A B e B X R S, AR SO T R4 bk b
AL (DF) Ot AR AR R s BT A B R I R B2 T R BT o T T 3 AR ORI 4y B IR AR s, I T
o1 TET s A 1 Rl 1 R o S 8 g A R s S e R e R o S P S R 9 B R PR KR AR . L 86.5% A AE B
FE SCEOEEBER/IN, 1 B RF PR SO T i, AR BIRD S 3 0 3R B di AR A T . B9 R B MR 2 4
T Bl S PSSR R AR R i T B RO ) SRR R 6%, THE A A R 1) SR 9% KV B ) S P A5 ) R AEAE
T IR, (0 A AP M B BRI T OO . A M=2.25 R i S A i e R S 1 R R AR TR
FriE T p=1.83. KA 6)565=0.63 mrad FJHOGEIH . ST BIBOGERIKIPEERL Y 2.34 T, BOGIKTEN 88.2 ns, 1A
YK F] 26.5 MW,

X # HEDFMAR; NEX; BEEERE, ARAE

FE 4 22 TN248.5 kRS A doi: 10.37188/C0.2023-0210

Study on beam quality of DF laser with inner cavity unstable resonator

RUAN Peng'", WANG Yu-hai', PAN Qi-kun?, SHAO Chun-lei?, CHEN Fei?, GUO Jin?
(1. College of Information Technology, Jilin Normal University, Siping 136000, China;
2. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Science,
Changchun 130033, China)

* Corresponding author, E-mail: eagle laser@163.com

Abstract: Laser beam quality is one of the key indicators to measure the application performance of laser. To
meet the application requirements of long-distance optoelectronic countermeasures, we cany out the research
on the design of unstable resonators and beam quality improvement techniques for non-chain pulsed deuteri-
um fluoride (DF) lasers. Three sets of positive branch virtual confocal unstable resonators with different mag-
nifications are designed. An inner cavity unstable resonator with two support structures of convex mirror,
transverse support and longitudinal support, are constructed. The transverse support structure is equipped

with a circulating water-cooling channel. Using 86.5% surrounding energy to define laser beam diameter, the
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laser beam quality is evaluated with beam quality factor f, and the energy and beam divergence for two sup-
port types of convex mirrors are compared. It can be found that, under the same conditions, the laser energy
of unstable resonators with longitudinal support is 6% higher than that of the transverse support structure, but
the far-field divergence angle is 9% larger than that of the transverse support structure. Although the water-
cooled transverse support structure has energy shielding, its good thermal stability significantly improves the
quality of the laser beam. Laser beam with a beam quality factor f of 1.83 and a divergence angle 6445 of
0.63 mrad is obtained under the transverse support unstable resonator of M=2.25. Under this condition, the

laser single pulse energy is 2.34 J, the laser pulse width is 88.2 ns, and the peak power reaches 26.5 MW.

Key words: DF laser; inner cavity; positive branch confocal unstable resonator; beam quality
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Tab.1 Structural parameters of three sets of positive
branch virtual confocal unstable resonator with

different magnifications

M R,/ mm R,/ mm D /mm d /mm L/mm
1.65 10727.5 —6501.5 50 30.2 2113
1.85 9197.8 -4971.9 50 26.9 2113
2.25 7606.8 —3380.8 50 222 2113

AL ARRS S A 83608 7 A P AR PE Fraun-
hofer 17 81 BS54 453, B

[ M [2),(ka) 23,(ka8/M)|\’
1(9)_{(1\42—1)[ ka®  Mkab }}10
(2)

P, a RIAFRIME, 6 sy K A, M i
KRR, k TR, I, A— B D FE IR R EY, 1o i
SPCTERY hOBREE . X 0 FEAT Ry, AT A B i
YL BRI RE R A

E(@):je.l(e)de . (3)
0

TE U RE R e A e R 86.5% YL
PEFTRS L O HROR B i i, B

Hdl”

f 6-1(6)d6

2 =86.5% . (4
fe.l(e)de

0

B M a BPBUEA AL, SRR R R
AR X L ) I8 47 A WA R BB AL, BNk 2 T o

®2 AEBAERTHIER LA
Tab.2 Theoretical divergence angles for different M

M 1.65 1.85 225

0/ mrad 0.4931 0.4544 0.3451

BEHURERS IR B 7 RE 4 v B2 L S BRoe ii
5 AU R DA TR N B A AR
ECHRPERER NG TR . B T LA F
gr

,[3:6_6 , (5

K, 6,165 3R R LA 86.5% M REHE g X
(S PRoE RO BGRB8 . BT
KON T SE B S SRR A 3 3 A B I, B e
INEBEIN, G TR AT

3 RRMEREME S AT

31 KERE

A A AR s S Bk vk DF 0GR R s
R 2 R . WOGERRBUL R 51 &7,
QG ERGERa B S AP v R i NN G N M N



55

65 cmx5 cmx5 cm. SR H 5T EE KN
JE QTSR I 1, i M 8 hy e B < (11T S S99 45, L
SFFARA 99%, T JH 55 oA Hil B < o T S S 458, SR AE
V- R b, SRR 99%. SCHRAEPIAN S
B2 8] 7R % 77, fie 2 D T B2 A1 L Hh PIROG
B, MR O S R PRIR O S R S S
W, — W THOGI g Re R Ak B &, 55—
FOCHHE AR H AR R TR &
Bl o LU U DI R 58 AR f~4.6 m YR
R TSR AR R T . RER
ST E T REHOEH O 5.5 m LB AL, H 5%
JEHIIE /N T 200, FLARDGHRAL T RGN
Ab, FRCE BT 20 TETTFLAEIGE KD, e
ANFEFLEE BB K/, LA 86.5% PR fig e X
WDCHE EAE D, W & 860 DIf.

T T SR PR ) S A A ) S R 7 =T
ETER B b 3 PR 2 R S A s
P o ) SR JE SCHEAT I 2225 07 =X, BArbogs
THLIYIEE ZnSe B M BEAE R B EBL8E, (™4 S BE

Full transparent

output mirror ™™ Mirror cover
& #

Convex
mirror

Mirror cover

(a)

FEATAh ) 282 o 145 o fL, - aE A SR S0 Tl
) B[ 4, A&l 3(a) Fs o A ) S PE 5 R R
AR R TG BLAR B I JA8 38 5 A% 1) ST AT 5
P, K 3(0) s o 121 SCHEFTF 28, Al
AKX A RBEHEA TR . A T I8N B AN,
Xof G BRSBTS AL, [T S S R R AR AR
PN IF /K V2 JE T T E S AR T X 7K %
WG S22 T : SFe:Dy=8: 1, 45X} i . P=
9 kPa, TAEHLHN 39kV,

Energy meter 1

| Pulse width tester
p o
Electrodes  Output mirror

Beam splitter

] —— F 22 ' e &
BacK'mirror _ Laser cell Convex n;}rroi _~~—"Focusing mirror
.{
Energy meter 2

K2 Sese Rl
Fig.2 Schematic diagram of experimental setup

Support o d Water in

Convex mirror Full transparent

output mirror
Water out
(b)

B3 B R R . (a) Bl STHE LS (o) B 1) STHE 454

Fig.3 Schematic diagram of convex mirror installation structure. (a) Longitudinal support structure; (b) transverse support

structure

32 LWERSHH

P 4 CR JE D30 ) F 7 R i 7 kg R e 222
KX AR MAE N WESHOLRR RIS . "TUE
L PR3y T O RE A R R R R R
(B, W AE M=1.85 I B S 3T 37 fig i Fe KA .
MROGAR AL TR TAESE T, WO K b g i
SR AT 5, ST IR R ST R AT TR
() 3 AN [RIRCR R IR, BAE PR AR, 0
iy th e R SO & A R AR G A OC, g
K, R A Rl s, IOt Re & . T
R R C=1-1/M, 5 MAERGE L, T 54k
S MAE R H, SOt RE EERE M E A & —

RPN . FEAIR SR B R, R £ AR R,
1% MR BB AR, ot Re R T
Z BRI RS T A s A, S B AR A
1R M B RHEARAEIR IR I A 80 5 B
B 2438 g AR BN B i th e i N R M=
1.85 i, 384 g (AR R AR A R0k SR, oK
PknpfigfEisg 2.73 1,

M 4 SRR E A, TRl — M E R Rk ) S s
()3 S fe s AR Tl ) S8, BB R B2 R 6%,
TR PR Ry i 1) S HE 54 FR AR ) SR A T g
I, YOG A B R, DA R O e
TR,



1072 R EDEE (FRgEso)

17 %

2.75 .
2.70 + = Longitudinal support
_ 2.65 o Transverse support
3 260} .
2255 = M=1.85
2250}
o 245+
2 240}
5 235t
%’ 2.30 L M=1.65
225+
2.20 +

2.15 T
16 17 18 19 20 21 22 23
M

4 MR SCEEZEH T BEOEIT 7 R R H A
Fig. 4 Near field laser energy under two types of support-

M=2.25
L]

ing structures

R RO BB A AR LA T AR RS
TesE, K 5 S M=1.85 B EE B OG5 1.5 m
1 B AW S LSRRI BT

B .
5 BOBITSEBER . ()i L BREHDESE (b) B
S LB

Fig. 5 Near field laser spots for (a) longitudinal support

structure and (b) transverse support structure

L 5 AT S Y, R ) SCEE S A I 0
BEH L T 5 AP d A — B sk 1, FEIE SO0
B 11 300 5% Ak AT U3 BT () BB ATT 6 2R 80 TERARD
TGO, I CBEKT- T 1] B BE By /N T % 7
) BB o 3K R T KT ) U B FRO DGR A
TEA SR, A 45 7K - 07 10 D6 30 2% AN 702
B MEAS 20 e AR RS 5105 — 3
RAMESINT G SRR A R AR . R RTE T
FHL DX 0 2 A7 R TR 58 A0 1 4 B8 A, X0
W) BRI E S B A LR N TR
BEARSLEE . BOGAFEEIEE A 50 mm, iE
SEBEACT- RS B 10 RS 46 mm>47 mm, BI6
BER/NA A 25 BRI Y 87% . 7% JEFE AN SR THIAT
SR RO DX 3 2 58 4 i H RSO G 1 Jf i 1
H, Ja BOGERIAEAR R /N T R FL TR Y 87% o

& 6 G B WA IR 25 1 T A S FE 45
PR RS A A 5 S0 A TR BE RO R M A2

R X R AR BRI & A BE M AL
ISR . FERKMEHE M b 1.65
Han#) 2.25 R eh, K EBUAEETR/ D, WORER
o R T g o R i) R B v R e Sz 4 g 2 A
M=2.25 WU/ NE B, FUES 5120 0.69 mrad
F10.63 mrad, MRHEOCH FTEITHEF B AE XL,
TR DR B AU, a3 3 FTR.

1.2
o —a— Theoretical
1.0} Aii\\\\\\\\. —e— Longitudinal
T s Transverse
< 0.8
s
g ~e
0.6k ~a
.\I
0.4} T
0

2 e
16 17 18 19 20 21 22 23
M

Bl6 ARG Rmg e a A i
Fig. 6 Far field divergence angles under different magni-

fications

®3 TRBABEERTARRERT pEIE
Tab.3 Beam quality factor f data

B
M
Transverse support Longitudinal support
1.65 2.05 2.25
1.85 1.98 2.18
2.25 1.83 2.00

1% 3 AR, A6 MO(ER N A0 7 v, e s
BT p 5 EEA RS HREHCRR
BT RS ER— MAET, B0 S A5
(4 DR R0 B B0 Tl ) S 25 R, R
WAL 9% 1) SR TR B AL T Al 1) S 5
F BRI R B A B R ST KR 454, A
RO T AR T B B Y T R AR 5 e
FL b 27 S R RE W DF JOGHE 25 A O E
BOABRECE; A S B8 B S 00 e A ek, L
PR TR T2 ORI T Rl £ o ) R S A
PSR BN, FEHOL AR ks T 2, o
B kI AR IS FE SRR R S AT B
TIRGAE, 8 T OLAUTCER:, Thi 1) S 4507 i 4
e AR R HOE TR i R R O I AR

SR BB 2T M=2.25 (R i) S 5 454



55

bt Mg, &% W IERERERRE DF BOGGR T E T 1073

i RO T RO B K s R I i, S5 5L 7 B
IR BOCHKTE A 88.2 ns, WO H 1A Y B ik
PHEER R 2.34 T, WIHOEIE(E D) R 1K 26.5 MW, Fil
i 10 km A REEZEE R 75 mI/m?,

M 100ns| Al Chl = 124V

L
K7 AERRE bk

Fig. 7 Pulse width of unstable resonator

T AR RS B B = I I RE SR B, A AH [R] ik
LRl S5 A, ROk S i Rl S AR T G,
ok iR T S BE, WO SEb A . BOLIK SR
HEAR i (BKTE 150 ns) FEAR T 40%1%, 1 & B X
Jka e (7.15 mrad) 89 9.23%22, |y AT %0, SR
Aok 1) S PSR A A AR T O 28 Y AR T 1 A5 2
THORMHR R . EAR B ATSE ST 2 AR R L L

S 3Lk

i Heta /MR Z, (B LS E R, H R %
A BB LA DI UAT I RS, TSkt
R A — & KL AT Esi iR 1
AN T uR2E, I BE . A SRR 22, STHEAT
LRI SO S T AR e i S P A WU R T
S AU

F Tk b BERERE M (EL R34 KT R, T —2
AL AR e B SR VR N — P P O,
REMDCH LA X BTN R A RO RS HR
WIRIESTHIS R

4 % %

AR N AR R IR 45 M 04T 1 AR A =
DF BOt# R T . Wit T 3 A5 A A
TR R0 T 43 S jE IL AR AR RS, %o A ) S 2 gl
[i1] S PR 2226 7 2T W B PERESEA T T 0T LB
98 SEURAE IR B ) SCHE R N B R KV I B
A5 B TR AR SRR, DA TG B O T e
THEGEM . R M=2.25 (IR A ST RS AR
Jis AR A8 & BN 0.63 mrad, YEHR L H T p=
1.83 [ i it JE 5 X DF otk i, Zaa s
FEEY) 9.23% .

[1] KLINGBEIL A E, JEFFRIES J B, HANSON R K. Tunable mid-IR laser absorption sensor for time-resolved
hydrocarbon fuel measurements[J]. Proceedings of the Combustion Institute, 2007, 31(1): 807-815.
[2] KLOSNER M, WU C, HELLER D F. Mid-IR Laser system for advanced neurosurgery[J]. Proceedings of SPIE, 2014,

8928: 89280D.

[3] STARECKIF, CHARPENTIER F, DOUALAN J L, et al.. Mid-IR optical sensor for CO, detection based on fluorescence
absorbance of Dy**: GasGe,oSb,(Ses fibers[J]. Sensors and Actuators B: Chemical, 2015, 207: 518-525.
(4] PHAL Y, YEH K, BHARGAVA R. Mid-IR laser-based polarimetric imaging for polymeric and biological applications

[I1. Proceedings of SPIE, 2021, 11656: 1165619.

[5] FROLOV Y N, VELIKANOV S D, LAZARENKO V I, et al.. Remote laser analyzer for methane sensing in the air of
subterranean spaces[J]. Proceedings of SPIE, 2002, 4722: 140-144.
[6] TOPFER T, PETROV K P, MINE Y, et al.. Room-temperature mid-infrared laser sensor for trace gas detection[J].

Applied Optics, 1997, 36(30): 8042-8049.

(7] VASIL’EV B I, MANNOUN O. IR differential-absorption lidars for ecological monitoring of the environment[J].

Quantum Electronics, 2006, 36(9): 801-820.

[8] VELIKANOV S D, ELUTIN A S, KUDRYASHOV E A, et al.. Use of a DF laser in the analysis of atmospheric
hydrocarbons [J]. Quantum Electronics, 1997, 27(3): 273-276.

(9] BRUNET H, MABRU M, VANNIER C. Improved DF performance of a repetitively pulsed HF/DF laser using a
deuterated compound [J]. Proceedings of SPIE, 1997, 3092: 494-497.

[10] SERAFETINIDES A A, RICKWOOD K R, PAPADOPOULOS A D. Performance studies of a novel design
atmospheric pressure pulsed HF/DF laser[J]. Applied Physics B, 1991, 52(1): 46-54.


https://doi.org/10.1016/j.proci.2006.07.228
https://doi.org/10.1016/j.snb.2014.10.011
https://doi.org/10.1117/12.472258
https://doi.org/10.1364/AO.36.008042
https://doi.org/10.1070/QE2006v036n09ABEH006577
https://doi.org/10.1070/QE1997v027n03ABEH000923
https://doi.org/10.1117/12.270115
https://doi.org/10.1007/BF00405686

1074

REYEE (FP3ES0) w17 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

IGNAT'EV A B, KAZANTSEV S 'Y, KONONOV I G, et al.. On the possibility of controlling the wave front of a wide-
aperture HF(DF) laser by the method of Talbot interferometry [J]. Quantum Electronics, 2008, 38(1): 69-72.

PAN Q K, XIE J J, WANG CH R, et al.. Non-chain pulsed DF laser with an average power of the order of 100 W[J].
Applied Physics B, 2016, 122(7): 200.

RS, Rk, FerAg, /N R AR R sh RO L& []. 4090 5 30k 142, 2021, 50(1): 20200082.
GU W SH, LIANG X X, LI H CH, et al.. Miniaturized axial flow non-chain pulsed deuterium fluoride laser[J]. Infrared
and Laser Engineering, 2021, 50(1): 20200082. (in Chinese).

TARASENKO V F, PANCHENKO A N. Efficient discharge-pumped non-chain HF and DF lasers[J]. Proceedings of
SPIE, 2006, 6101: 61011P.

APOLLONOV V V, KAZANTSEV S Y, SAIFULIN A V, et al.. Discharge characteristics in a Nonchain HF(DF)
laser [J]. Quantum Electronics, 2000, 30(6): 483-485.

VELIKANOV S D, EVDOKIMOV P A, ZAPOL'SKY A F, et al.. Pulse periodic HF (DF)-laser of atmospheric pressure
with pulse repetition rate up to 2200 Hz[J]. Proceedings of SPIE, 2008, 7131: 71310V.

5 &, 3 1%, B, . OICREAIEE SRR HF Bt U], &b 545 &, 2011, 23(7): 1763-1766.

YI A P, LIU J R, TANG Y, ef al.. Discharge pumped repetition- rate non- chain HF laser[J]. High Power Laser and
Particle Beams, 2011, 23(7): 1763-1766. (in Chinese).

Rk, FF, RANE, L R TARREAAEREEUK o HE BOWCRBER A L], F Bk, 2017, 44(4): 0401002,
ZHU F, HUANG K, ZHOU S Q, ef al.. Laser beam quality optimization of no-chain pulsed HF laser using unstable
resonator [ J]. Chinese Journal of Lasers, 2017, 44(4): 0401002. (in Chinese).

Bomy, 380, kR A, . AR BRI e SR STOBOG A% 1 3 ) R B RURISE B BIE S (). Bk, 2013, 40(7):
0702002.

RUAN P, XIE J J, ZHANG L M, et al.. Dynamical simulation and experimental study of non-chain pulsed DF laser[J].
Chinese Journal of Lasers, 2013, 40(7): 0702002. (in Chinese).

WA, HFT, &P, F.200 W B BR P ZDAME AL A A A O LR (V] P E#OE, 2019, 46(8): 0801005,

HUANG CH, HUANG K, YI A P, et al.. 200 W Mid-infrared HF chemical laser with repetition rate[J]. Chinese
Journal of Lasers, 2019, 46(8): 0801005. (in Chinese).

APOLLONOV V V, BELEVTSEV A A, FIRSOV K N, ef al.. Advanced studies on powerful wide-aperture nonchain
HF(DF) lasers with a self-sustained volume discharge to initiate chemical reaction[J]. Proceedings of SPIE, 2003, 5120:
529-541.

WEGE, 3T, &L, . ARkl DF BOCHHERIE SO SR D). F B, 2014, 41(1): 0102004,
TANG G J, XIE J J, PAN Q K, et al.. Design and experimental investigation on unstable resonator for non-chain pulsed
DF laser[J]. Chinese Journal of Lasers, 2014, 41(1): 0102004. (in Chinese).

EEEN:

Bt M5C1985—), 2o, WAL E B A, 14, PEom, A A= 500, 2009 4 F A Jb kol K2= 3k 15 % 124
iz, 2014 4 F rp E R £ B K F 2R B AL 5 W BT 2 B SR AT B2 . RN F P et
AR KIS 5E . E-mail: eagle laser@163.com


https://doi.org/10.1070/QE2008v038n01ABEH013546
https://doi.org/10.1007/s00340-016-6475-z
https://doi.org/10.3788/IRLA20200082
https://doi.org/10.3788/IRLA20200082
https://doi.org/10.3788/IRLA20200082
https://doi.org/10.1117/12.643226
https://doi.org/10.1117/12.643226
https://doi.org/10.1070/QE2000v030n06ABEH001747
https://doi.org/10.1117/12.817070
https://doi.org/10.3788/HPLPB20112307.1763
https://doi.org/10.3788/HPLPB20112307.1763
https://doi.org/10.3788/HPLPB20112307.1763
https://doi.org/10.3788/CJL201744.0401002
https://doi.org/10.3788/CJL201744.0401002
https://doi.org/10.3788/CJL201340.0702002
https://doi.org/10.3788/CJL201340.0702002
https://doi.org/10.3788/CJL201946.0801005
https://doi.org/10.3788/CJL201946.0801005
https://doi.org/10.3788/CJL201946.0801005
https://doi.org/10.3788/CJL201441.0102004
https://doi.org/10.3788/CJL201441.0102004
mailto:eagle_laser@163.com

	1 引　言
	2 非稳腔参数设计
	3 光束性能测量与分析
	3.1 实验装置
	3.2 实验结果与分析

	4 结　论
	参考文献

