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Abstract

In order to explore the influence of cavity length on the output characteristics of Nd : YVO4 nanosec-
ond laser, four Kinds of laser resonators with different cavity lengths of 210 mm, 224 mm, 269 mm
and 359 mm were built respectively. The laser output experiments in the range of 10-100 kHz rep-
etition frequency (repetition frequency) were carried out systematically, and the regulation of cav-
ity length on the average power, pulse width, single pulse energy, beam quality and pump working
characteristics of the laser were analyzed in depth. The experimental results show that the cavity
length significantly changes the optimal repetition frequency range and output performance of the
laser. As the cavity length increases, the optimal repetition frequency corresponding to the peak
average power of the laser gradually shifts to the low frequency. The short cavity (210 mm, 224 mm)
is adapted to the medium and high repetition frequency working scene, and the stable power output
and single pulse energy can be maintained in the repetition frequency range of 60-70 kHz. The long
cavity (269 mm, 359 mm) has stronger intracavity energy storage advantages, and higher single
pulse energy can be obtained at 30-40 kHz low repetition frequency. Among them, the 269 mm cav-
ity length laser has the best comprehensive output performance. The peak output power of 14.78
W is achieved at 40 kHz repetition frequency. The single pulse energy is 0.36 mj, the pulse width is
only 13.9 ns, the beam quality factor is close to 1.1, and the beam waist roundness can reach 96.3 %.
Under all cavity length conditions, the pulse width of the laser shows a monotonic broadening trend
with the increase of the repetition frequency, and the single pulse energy continues to decay with
the increase of the repetition frequency, which is consistent with the typical output characteristics
of the acousto-optic Q-switched laser. The pump current test results show that the shorter the res-
onant cavity is, the wider the stable working range of the cavity is, and the larger the pump current
can be withstand. The optimal working current shifts to the direction of large current with the
shortening of the cavity length. The spot morphology test shows that each cavity length can achieve
high-purity fundamental mode Gaussian output under optimal working conditions, without obvious
mode distortion and astigmatism, and the resonant cavity structure has good working condition
adaptation robustness. This study clarifies the optimal working range and performance adaptation
scenarios of lasers with different cavity lengths, which can provide experimental basis and technical
support for cavity optimization, parameter matching and engineering application of industrial na-
nosecond pulsed all-solid-state lasers.
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Figure 1. Experimental setup diagram
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Figure 2. Repetition-power characteristic curve
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Figure 3. Single pulse energy output characteristic curve

3. BRohREEM It HIL

DOI:

10.12677/app.2026.167068 750 I EEY/BEH


https://doi.org/10.12677/app.2026.167068

TREFE

J&, Y EPIBEE AT I T RS, X2 Q OGS MUALRAE, HEAGEM m,  SALIN A Y Kb
W%, 1EFHHRBUARIENT, SRR A BT R SR FEAK. RN, e 225 5 mm 5 ikl e
EEE . B E X R SRR KT KRG, B bk b A B W M8 HH DI ARG,  HL7EARE A N AR
AT m AP RE R KO, kP R B WEE I AR s, AR R E A N R R R R
SR PRI AT DURE 3R AN [8] A Tolohn T3 S i AN [R5 4IR Jis K FEE F o %

3) EH - kTR et

Bl 4 JRon T IUFEK R, Nd:YVO, B ARESOs a8 0 bk 56 b B AR B . 251K, kK
K TE Yl AR R e, (RS E S KR A S R R 210 mm FE I ik T B B ARG B A R 2
M 10 kHz %) 6.5 ns &% 2 100 kHz ) 25.6 ns; 224 mm Ji5 [ ik 5 A2 4k Bt N T 2%, BEAR4EFFE 18~21.6
ns X [H]; 269 mm A1 359 mm i ik 6 bt 2 A0 = 5 B 2 B THE S, 359 mm S 7E 100 kHz B ik 562 2
2) 31 nso X — IR IE T K 37 B I FR I T - R 6 AR IR N (R, AR AR OB IR R
Fkr RV e, DRI ik o BE A, (HBE S FAT T, RSB TR AN R, R A, ik B PR R 5 s
K AR (A, (RS NGRS AR AR B 2208, ELks N i e S5ORLAE e AT ik — 2B R 1 ke
WSRO %8 BE AT AL IR B K 17 224 mm K5 6T Q TF 5% Y Bl 2% i B TG e & 5
PRI E R . 4i ks KRR AL Q BOLE Ik AR E R S SH, 224 mm EKAE
10~100 kHz 4> F 5510 Bl A 25 B 4515 78 T Ao e ARORK TR, 5038 G 0T Jok o B[R] R P 282 SR 72 A% 1) 2 FH 3 5

35

—=—210mm
30— 224mm
—4—269mm
—v—359mm

S5t

[
(=]
T

LN QU

0 20 40 60 80 100
HI (kHz)

Figure 4. Repetition-pulse width characteristic curve
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Figure 5. Current-power characteristic curve
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Figure 6. The spot morphology of four cavity lengths: (a) 210 mm cavity length; (b) 224 mm
cavity length; (c) 269 mm cavity length; (d) 359 mm cavity length
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