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Abstract In this study, we describe a passively Q-switched Nd: YAG nanosecond laser capable of operating stably
over 100 °C and at low temperatures. The resonator is based on a stable, double-Porro-prism cavity structure. A
Nd: YAG slab is side-pumped via a vertical-cavity, surface-emitting laser array, and the temperature is controlled by
a thermoelectric cooler. The passively Q-switched crystal is Cr'™ : YAG. We have tested the performance of the
laser at different temperatures with a 1 kW peak pump power and 1 Hz repetition frequency. The results show that
the average output energy of the laser is 18.79 m]J, the standard deviation is 2.29 m]J, the pulse width is ~4 ns, the
near-field spot diameter is ~5 mm, and the far-field divergence angle is less than 0.9 mrad in the temperature range
of —75-40 °C . The lasers has a small size, compact structure, and high reliability. It is thus suitable for space-laser

applications under a wide range of low-temperature conditions.
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Fig. 1 Laser structure diagram
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Fig. 2 Deformation of different resonator types due to temperature changes (Dashed frames are deformed resonators).

(a) Single end fixed; (b) double end fixed
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Fig. 3 Distribution of pump light on crystal surface
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Fig. 4 Temperature distribution of the crystal and heat sink
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Fig. 5 Highest temperature of the crystal versus time
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TE—75 C& 40 CHEEWN IR E R —40 TR
Stk e AR, R 16,19 m] ;iR 25 °C I EOE
Bt BE A A . A 22 m) . Db BE VU PN R 2 g
AEHE A 18.79 m], pn#fE 25 2.29 m], £ 3 K Ny
120, M BEB R AFEZArmm, |
0 CUTMRER S HEMT 0o CL EMRER, M H
—20 CAbyBE & W1 b T LB I IR B A e A Hh
ORI OL I R R AT LR LR AT g . 1) dhaz Ui 2
R T A m. B TA TEC # il b5 &
A2 AR /N o 2) SO b A 1Y) B2 W S T I
F T e T R AR . ARG SCHRL 17 I8 1 % 32 380 & S 48 T
HIRER X RFIXR LN 40 CHN—75 C, kR 2
R SRR 3N 24 19 %6, (L 5 2 11 i 1 BB A fb
ANK . 3) BT b A L HRT0RT B A B 2R 0 B Bk &R K
AN TR 7 A — il BE R IR 78 AN ) L B DA b A 25 1A

PO TTIF R TR A 10 2B i A » DT A5 ' B & A i
SEMEOCE LR R . ZRA R AR R
A BE XS IO R B 1 AU RS e 1 R . HE kL AT LA
E R NN S A B S 1 D) NG S SN O
J& W2 B0 R A — R A BTt /N B 2 8] B AR
S A0 B O R AR E . AT A O e PR AR
MET —60 CZE 40 C L BN ML B H 4724
b KAE N 5.3 mm,fH/MEN 4.9 mm, F ¥ {H K
5 mm, ARifEZE AN 0.15 mm, 3K K 3%, K 10 b
BT 40 TCL0 CHI—60 °C R MOG bk b 5 22 iy
T 0L T LA HEOGRERAE 20 m] BHE GERIRAS K.
BOF- R, 45 BN M bR ME 2 4 Bk o. 20, 1.21,
1.03 mJ, BLal R ¥ /N F 6.8% , th T o4 = il T 11
S50, UL AT UL ZOEERAE 100 °C LA b BE i T [
AT LU SR R 1 TAR S il HORBE T i R A R

0101004-5



h | W bl
60 237-243.
—40C
50 —0C [4] Tsunekane M, Taira T. Compact and wide
—-60°C temperature acceptance of VCSEL-pumped micro-
340 laser for laser ignition [C] // Advanced Solid-State
@30 Lasers 2013, October 27-November 1, 2013, Paris,
520 France. Washington: OSA, 2013: ATu3A.58.
10 [5] Crépy B, Le Nevé M, Montagne J, et al. Efficient,
diode temperature insensitive Nd : YAG hybrid
00 2b 4.0 60 8A0 160 1A20 140 longitudinal/transversal-pumped zig-zag slab laser:
Bhrotmonther delta concept [C] // Advanced Solid-State Lasers,
10 AENRE T 093065 H ae 8 i fa e v 2002, February 3-6, 2002, Québec City, Canada.
Fig. 10 Stability of laser output energy Washington: OSA, 2002: TuC4.
at different temperatures [6] LuS W, Meng J, Zhao X Q, et al. Temperature
insensitive Nd : GdVO, laser with high peak power
4 é:l:tf ib and narrow pulse width [J]. Chinese Journal of
Lasers, 2018, 45(4): 0401009.

R T —FPATLE 100 °C LA BRI 1 P 9 R FHSC, Hl, IR, S B R A K T 9 i
BAT A S Q Wotd:, RELA R, T Nd: GAVO, #OE % [J]. dE O, 2018, 45 (4):
FEPER . R TEC #5R 8 VCSEL il i fifi iz Nd: 0401009.

YAG zig-zag *ﬁ% HEEI{Z[: L LLIE 32 (9 W Porro ﬁ%ﬁﬂfl [7] LeeST, Silver M, Barron A, et al. A compact laser
i Tl ot R B L SRR I L SRR BOR R target designator [J]. Proceedings of SPIE, 2016,
T e 9834 98340Q.

ALy 21.5 m] WK 9Ly 4.3 ns. 5 CHEE AR [8] Wei D K. Research on temperature insensitive laser
4.5 mm, Y KW M N 0.9 mrad, f£—75 C=E technology and single-frequency double-pulse hybrid
40 CYEHIPY . BOLH A F Y RE = b 18.79 m] . £l ) MOPA system [D]. Beijing: University of Chinese
ER12% . n e H AR e fE 5 mm £, Academy of Sciences, 2016.
PO AR I R A 5 1R 9 P A P A0 11 Bk PUHE. I8 B A G O B0 T 59051 BRI
FARIERE 6], FLOL T 1941 K422 TT G 7T T4 MOPARA MBI LD]. e R REAE,
R IGEEREARAE TARRIE RIS L e
gﬁéﬁ%iﬁ%”ﬁ@?@ﬂ%ﬁ*ﬂ%% ’ ‘l“ﬁ:}’ﬁﬁﬂjﬂ}?ﬂ%ﬁﬂi pumped all solid-state laser [J]. Chinese Journal of
RSO0 . A SRAE AR R 22 B A 53R 5 R Y Lasers, 2018, 45(10):1001001.
G P B — A A R ) — 2D AR R O AR WRIEEE, K, FEE, 4. VCSEL M 1 2 i 1 42 5 45
REREAR EME., F A 2 K PR VCSEL O 1] T EEOE, 2018, 45(10): 1001001
T3 VB S AT L A WA 1 e Bk S b [10] Yang H L. Study of high energy all-solid-state slab

VTN e 1 e s lasers for space applications[[D]. Beijing: University
AT LR B A PR ORYRIE I AR of Chinese Academy of Sciences, 2016: 18-21.

5 %2 X it . KRR B 25 [0 4 [ 25 MR A% O & 19 B R BF 5T
(D]. dbmt: dEBEB K%, 2016: 18-21.

[1] YuZ Z, Hou X, Zhou C Y. Progress and current [11] Li Y J, Zong N, Peng Q J. Characteristics and
state of space-borne laser altimetry [J]. Laser & progress of vertical-cavity surface-emitting
Optoelectronics Progress, 2013, 50(2): 020006. semiconductor lasers [J]. Laser & Optoelectronics
THE, &, FRL. BEEOCN &R EAR KRR Progress, 2018, 55(5): 050006.

0. BOLSEm F23E %, 2013, 50(2): 020006. BRI, S, SRE. TR SRR

[2] Goldberg L, Nettleton J, Schilling B, et al. Compact ModrEdE B B F o SR (], % 506 B F 22 i e,
laser sources for laser designation, ranging and active 2018, 55(5): 050006.
imaging [ J]. Proceedings of SPIE, 2007, 6552: [12] Ma X H. Studies of techniques and thermal effect for
65520G. spaceborne conductively cooling all solid-state laser

[3] McCarthy J] C, Young Y E, Day R C, et al. [D]. Shanghai: Shanghai Institute of Optics and Fine
Athermal, lightweight, diode-pumped, 1-micron Mechanics, Chinese Academy of Sciences, 2008: 15-

transmitter [J]. Proceedings of SPIE, 2005, 5707:

0101004-6

20.



h 5| b4 ot

A AL 3V H1 2 ] 4 [ A HOG &8 BBON e H % S, BER, B dbat: Bl M, 2002 410-414.

HEARVFRID]. L. v E R B L OGSk % L [15] Degnan J J. Theory of the optimally coupled Q-

BT T BT, 2008: 15-20. switched laser [J]. IEEE Journal of Quantum
[13] YinSM, WuY, Sun N C. Influence of temperature Electronics, 1989, 25(2): 214-220.

on Cr'" : YAG passive Q-switched laser plateau [16] Degnan J J. Optimization of passively Q-switched

region [J]. Optics & Optoelectronic Technology, lasers[J]. IEEE Journal of Quantum Electronics,

2010, 8(1): 31-34. 1995, 31(11): 1890-1901.

FIE, RE, IVER. BEX Cr'  YAG #3hH Q [17] Zhao S Z, Chen L, Zhang L, et al. Study on

HOETREEX R [J]. e 56 AR, 2010, 8(1): temperature dependence of the 1.064 pm stimulated

31-34. emission cross section of Nd: YAG crysyal[J]. Acta
[14] Koechner W. Solid-state laser engineering[ M]. Sun Photonica Sinica, 2004, 33(2): 133-135.

W, Jiang Z W, Cheng G X, Transl. Beijing: Science
Press, 2002: 410-414.
Walter Koechner. [ &% TR [M]. #h 3¢, T

0101004-7

WX, Wik, sk, 58, Nd: YAG g4 1.064 pm
2 0 S A e B IR R AR AR R 5 (0] TR,
2004, 33(2): 133-135.



