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H T 58 LDAs Rl Zigzag Nd:YAG
X BE = Bk B 25

BREZ, FEE, ZNE,Z 27 FAN, HRER, K £
(LKAEIAF BRI SAERLERELALHE, T4 K& 130013;
D HERLEVHKAEMRE —FEREE, T4 K& 130033)

FEE NIRRT HOGR G R R LA 55 = e f ki 1 SR T 3K, AR ST IR S T —FioR A ik &
IRIE#R 451 (Laser Diode Arrays, LDAs) T %23 Zigzag Nd:YAG fiA I T/K S B BESkrhisoC R 45, TR B MiRN
S Zigzag” HEAR LI I 45 K BE, LDAs 43 50 WA AR PRI AR, DLBGES 45 70 A 3 50 M o i it bkt
SEHE Nd:YAG fiR 5 LDAs AR S, 353K B2 S H1%4 2% (Thermoelectric Cooler, TEC) 55 ] X4 X Nd:YAG &
PRFI LDAs JEA700 7 IR, B PE H i S S ak . B2 — SR8 K (Potassium Dideuterium Phosphate, DKDP)
FENEEI Q Mk FEARMERKE, AN 100 Hz((525 ok 2.5%) M5 T, SEBLT 129.2 mJ Wk wf ot i,
WK PhEE 9.0 ns, X RLADG-CHARICER 9.6%, RACEN 13.1%, i th BE A E DL T 2.26%, JFAE 150 Hz H & MR
TNHURT 87.6 mJ Mg . IXBOCRGABOCINEE | OGRS S SRR AL T — RIS IE N VR | 45 R R BTG
PRI %

X g WAL RS (140.2010); 40 & & H ; Zigzag; WK Q; kA

FE 525 : TN242 X ERFR ARG A doi: 10.37188/C0.2025-0147 CSTR:32171.14.C0O.2025-0147

High-temperature LDAs-pumped Zigzag Nd:YAG

high-energy pulse laser

ZHAO Qian-xi', WANG He-peng', WU Cong-zheng', LI Yan'", ZOU Yong-gang',
XU Ying-tian', ZHANG Chong?
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2. The first Military Representative Office in Changchun of Army, Changchun 130033, China)
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Abstract: To achieve simultaneous lightweight design and high-energy output under special environmental
conditions, a compact, water-cooling-free high-energy pulsed laser system based on high-temperature laser
diode array (LDAs) side-pumped zigzag Nd:YAG crystals is demonstrated for operation in demanding envir-

onments. The zigzag beam propagation increases the effective gain length, while symmetric LDAs pumping
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of two Nd:YAG crystals improves gain uniformity. Thermal isolation between the crystals and LDAs is im-

plemented, with independent temperature control achieved using thermoelectric coolers (TEC) for the

Nd:YAG crystals and forced air cooling for the LDAs. A potassium dideuterium phosphate (DKDP) crystal is

employed for electro-optic Q-switching. At a repetition rate of 100 Hz without water cooling, a maximum

pulse energy of 129.2 mJ with a pulse duration of 9.0 ns is obtained, corresponding to an optical-to-optical

efficiency of 9.6% and a slope efficiency of 13.1%, with energy stability better than 2.26%. An output en-

ergy of 87.6 mJ is achieved at 150 Hz. This system provides a compact and environmentally robust light

source for laser ranging and illumination applications.

Key words: laser diode arrays (140.2010); side-pumping; Zigzag; electro-optic Q-switching; without water

cooling
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Fig. 1 (a) Two-dimensional (b) three-dimensional structural schematic of Nd:YAG module
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P, B A AR 6 mm.

(b)

. n n
Oy

50.18 mm

K2 (a) RRIEET SRR (b) @R N © Zigzag” ek 2214
Fig.2 (a) Absorption efficiency of the crystal at different thicknesses; (b) “Zigzag” optical path in the crystal
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0 10 20 30 40 50
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Crystal side surface

K3 HANd:YAG ERREESM. () AR (Z=27.5 mm)
(b) fh#A M (Y=3 mm), fll{fi (X=0 mm) on single
Nd:YAG.

Fig.3 Intensity distributions (a) Crystal cross-section

(Z=27.5 mm) ;(b) Crystal top surface (Y=3 mm) and
side face (X=0 mm)
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27.5 mm); (b) f A b K (Y=3 mm) , M (X=
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Fig. 4 Single Nd:YAG small-signal gain distribution (a)
Crystal cross-section (Z=27.5 mm); (b) Crystal top

surface (Y=3 mm) and side face (X=0 mm)

A 4Ca) ST A o G B T (XY
S NHOUNCE Y SR = 3 PR
R0 — DR B A, O P END LSRR
A7 I T/, PBOH 300 5 L T

MG YRR A, VAR AL T 1) 5 s N
k2N

4(b) JB7R T LDAs Wi St A4 i HEAR B, &y
& b 221 (Y=3 mm) Hl Y-Z BE# 1 (X=0) (/M5
SRR ATERAE o PO, HBUE A R G o A R
5 R TR AT v B, IUE T 0.8 at.% B4k
WIS Ud: YAG SR IN/IME 53 45 3041 i s
RV AR AN IME SRR R (BN 1.63 em
SEEMER 0.62 cm™,
2.4 Nd:YAG RS

AT VAl AR A B M BE, #F Solidworks
AT RIS A Ansys BUPF, X Nd:YAG f AR Al
Je Bt AT L.y AR, T
R o FUTTHE 52 01 F Bl ons S fml pe i, an=l(6) B

RO,
N = 1- Ngns (6)

Py=mPy @D

Lo, Wt R 5y, R 076, & TEUCRNEOL
BT HE ASHE TR o, W v iR AL
RHOLERFETRERE SFEM N FRERE M
B HAR6) AT A, =35%. WG 7724 fe] 3k
IR =X (7) AT ZEHDGTE S AR P SRR I R AT
ik 98.5%, 100 Hz TR M T LDAs 5z K540
i, Nd:YAG R £ 1 F ¥ T R Pyl
133.0 W, SE5GH, BEH T —XF fe s il T ]
ik 100 W Y TECs., BCEIREGIRE A 22 °C, it
B ELA5 2 14 A 5 1A 1 R B 43 A 1 Ol a0
P 5 CR P LA FI L PR I o

F 5(a) @R T 2232 7 v i A R T 1 1R
JEA A o T UL, AR N B R TR 25 9.9 °C, i
1o U BE 44.8°C I 7E R 5 HOHA AR 4 o B B 4
PRGSO E, BRI 34.9 °C. TE AR
JEHB, 15 EOARAS T 4 i LI 5k 2R Y
S B, BORERAL. B 5(b) 8/ T [H—
i 2 55 M i ) BB B IR A, 5
Nd:YAG i 1A 42 finh [X 355 R 48 28 4 1k 3] 38 8 0
{H 35.5 °C, W] iy #4515 280t ) Ot AR
HNEAE S IFHEA, IR AR, BT RIS
SRR, PRSI N 1) TR 43 A SIS ), B
PR AU 22 H 1.9 °C, REAS X A 4T i 3k



6 FEDEE (hgEso

#19%

(a)

39.891
39.073
38.256
37.438
36.621
35.803
34.986 Min

2.5 IEIREEIT AR S BUREF
TEMN T 5 1 Nd: YAG WUREZR R 4irh, 5%
a5 IR B AR AR T, 1T X (8) R,

281
Tomz( gT—l)L , (8)
aPa
S0=77Q77S77B77 b ’ (9)
LV

AP BAREE W 120, ARIEA K (9) A 2
R/ IME S35 g M 0.603 cm ™', X —&5 5
55 Matlab 75 B B /M5F 514 42 45 04T BT E
RBBIN LRG0T, BiE R e AR S L
Top=64.4%c TESZPR, R T —Fhif i 5
60% PG B S 45, LA S 0T A 1 R G L ARG
ks

®1 HEERANSMHSHE

Tab.1 Various parameters and their values used for

calculation
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ns 0.76 e ve i A4

nB 0.95 JEHR T BACE
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I 2900 W/ecm? TR

L 0.05 JEE AR

l 8 cm Nd:YAGH B

(b)

34.011Min
5 (a)fbiigenmm & (b) “ L B b i35 B o A
Fig. 5 Temperature distribution of (a) crystal surface and (b) “L”-shaped heat dissipation module
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Fig. 6 Simplified laser resonator structure layout diagram
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