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different seed light intensities
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Table 1

Output results under different injected laser intensities

Input laser Time from 0 to

Optical-optical Optical-optical

I?i‘:{tlijze/r\:,[ intensity / 90% of steady cr(lll;tpu;J efficiency of single efficiency of steady
’ ’ (kWeem™ %) state power /us gy pulse /% state /%

220 7.3 161 4. 56 43.6 55.9

370 12.3 147 4. 95 46.9 58.9

520 17.3 137 5.23 48.7 61.0

670 22.3 130 5.45 50. 1 62.7

820 27.3 124 5.63 51.2 64.1

970 32.3 120 5.79 52.0 65.4

1120 37.3 116 5. 94 52.7 66.5
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different pump powers
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Table 2 Output results under different pump laser intensities
Pump Pump intensity /  Time from 0 to 90% of Output Optical-optical efficiency Optical-optical efficiency
power /kW (kWeem™ %) steady state power /ps  energy /] of single pulse /% of steady state /%
10. 2 20 262 1.99 35.5 55.6
20. 4 40 147 4. 96 46. 8 59.5
30. 6 60 104 7.96 50. 8 59. 6
40. 8 80 81 10.93 52.6 59. 6
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efficiency with pump power under double-ended pumping

DA (] Jok i 20 42 000 % T 1) 4 s B L B 420
#0250 Hz T % th 20 ik vb g i 4. 60 J, 5 00K
400 Hz T ik sp e 4. 65 T, AT WL, 5 bk i B

et AN AZ ki E 0 R 5 ) Ak 252 4 o R A MR ] LU
SRR R O T R

) S 55 A 4 A A 0 A [R) ik v B 424 R
TG T ML IS R i 8 ~10 Bk,

UL AR X ) AR E M 29k 3.3, MBS
BN R R AR Y Jr I BAE 2%, MY i 50 Hz
Ry 3. 38 AL E] 400 Hz WY 13. 03, Ui W% i1 °F
VR RE . TP MAEY Jm R oF

v M?=3.39
: M3=3.38

Bl 8 AP E 50 Hz W06 Bt &

Fig. 8 Beam quality at pulse repetition frequency of 50 Hz

M2=3.25
M3 =8.69

Bl 9 FEEMAR 250 Hz I IOLH PR

Fig. 9 Beam quality at pulse repetition frequency of 250 Hz

v M3 =322
. M3=13.03 /
v /
X\. /
.“‘x ¥ T *
Y 7 .
x v | x
N
KX

10 HE A 400 Hz B ' o BT & it
Fig. 10 Beam quality at pulse repetition frequency of
400 Hz

KRN Y T B A8 K, F— 2, HFE
AR 20X 53 PE F gl iz 15 5 1, 98/ b1 Rk 4 e
A5, DA SE IR O R T S A DR OB e

B 11 2 3 43 B AN 45 19 D £ Fh - D6 A BCR
O ROERE R B 11 A R R L
K4 1029.86 nm,3 dB £ %M 0. 11 nm; 75 fx KA
B RN, R S OO o KA
1029. 86 nm.,3 dB £ %5 0. 08 nm, K4 H O
HRreh ok —8 L0 E RS .

1601004-5



S 48% 5 16 #9/2021 &£ 8 A/HE ML

<SPECTRAL WIDTH ANALYSIS: THRESHOLD>

<ESPECTRAL WIDTH ANALYSIS: THRESHOLDS Zose AIFIX /BLK
THRESH LeveL: 3.00dB an: 0.1092nm /BLK THRESH LEVEL: 3,00dB an: 0.0826nm 'E ,:
K: 1.00 Ac: 1029.86@7nm 7BLK K: 1.00 xc: 1029.8589nm B:iFIX 7BLK
¥ g 5 EiF1 ELK
MODE FIT: OFF MopE: | 78K MoDE FIT: OFF HODE: FiEIX 7BLK
ZBLK GiFIX 7BLK
<IMEAS: SONDETIONS <MEAS CONDITION>
START : TOP: INTER: AN TART @ - nm nm AN nm
wam res: (M rm - sens: CIGTIEEE  ~vo: Hll  sve.: NESICH l“m ave: Hll  sve: INESEENE]
REF REF n
aBm A = A
[ \ | 41
FriN fre
[k
\
-53.4 - = b / X
/ \
/ “\
/ \
/ \
4 \
7.4 / Y
kil I "
It R Tl ft 1
‘ | l ‘

-119.3

-119.4.
L‘U 10 "{,":L‘wk‘\
ﬁldﬁ]ﬁlﬂlﬂd : &!ﬁlﬂﬂﬂﬂ&l- _|
B 11 B E . B T%; (b K EOE
Fig.11 Spectrum. (a) Seed laser;

| 0.50]

(b) amplified laser
AWk ol OE S (T BIO6 5 k7 3, 2018, 30

4 4 e (4): 10-13.
HTF Yb: YAG i 5 e A 28 B TR [4] Zhang W Q, Liu Y, Chen N J, et al. Laser diode
_ . N SN SN double-pass double-end pumped Yb: YAG slab laser
i 6 Al AN [l i1 32 5 55 AR [ ok 5% - [J]. Chinese Journal of Lasers, 2019, 46 (11):
ERCRE I, FEH T X s O S Yb 1101007
YAG ot B oK A%, fE H B R 400 Hz. K 58 SHIR, NP, BRARTL, S WO MR KU SR il
500 ps. gz AR AE R 10,2 ] S F 3008 TRk E Yb: YAG AL #0688 [J]. s #OG, 2019, 46
Bk I E 4. 65 J A0 SEWOGHOR B YOt (113 1101007.
k2 44, 0%, SIS MR H AR 4 . AkELHE K [5] LiuXS, Yang S, Si HY, et al. High beam quality
. . water-free pulsed Nd: YAG laser with output energy
VAT 0 55 S Al e 0t 55 AR 8 TR0 UK 1 J[J]. Chinese Journal of Luminescence, 2019, 40
PRS- ROR (12): 1523-1530.
5 = % B XAk, B, ", 4. 1] LB i K 8 ik
M Nd:YAG 0t 0], &G4k, 2019, 40(12):
[1] Wang M Z, Duan W T, Cao D X, et al. Laser diode 1523-1530.
pumped cryogenically cooled Yb: YAG laser design [6] LiuJ, Wang ] T, Zhou T J, et al. Analysis and
for rep-rated and high-energy output[J]. High Power developments of high-power planar waveguide lasers
Laser and Particle Beams, 2010, 22(1): 36-40. [J]. High Power Laser and Particle Beams, 2015, 27
EU, B, BTR, & BB R WM E (6): 85-91.
R KBERR I Yb: YAG BOGAHEH ] . 3R B0E XN, ER, AR, . SR SO
HEFH, 2010, 22(1): 36-40. WhoE it e Kooy M L. 5ot 5ok 7 R, 2015, 27
[2] Dai Q, Cui J F, Mao Y M, et al. Passively Q- (6): 85-91.
switched narrow-pulse high-energy all solid-state [7] Wang ] T, Wang D, Su H, et al. Influence factors
lasers pumped by LD pulse[]J]. Infrared and Laser on efficiency of Nd : YAG planar waveguide laser
Engineering, 2014, 43(7): 2066-2069. amplifier[J]. Chinese Journal of Lasers, 2017, 44
fsek, s, TAW, % LD K R#3shE Q (12): 1201005.
ZE Kb R RE & A A WO (0] a5 50O TR, THEE, W, H%E, %, Nd: YAG Vi S 50t i
2014, 43(7): 2066-2069. RBBRMFRNZJ]. P E#OE, 2017, 44(12):
[3] JinQ W, Pang Y, Jiang J F, et al. High beam 1201005.
quality and high power short-pulse laser with 400 Hz [8] Thomson I J, Baker H J, Wlodarczyk K, et al.
[J1. High Power Laser and Particle Beams, 2018, 30 400 W Yb: YAG planar waveguide laser using novel
(4): 10-13. unstable resonators[J]. Proceedings of SPIE, 2010,
Wrafs, e, A, F. 400 Hz @G s & 7578: 75780K.

1601004-6



#£ 48 %5 £ 16 #H/2021 £ 8 B/ E#

[9] Wang ], Xu L, Chen Y, et al. 944 m] Nd: YAG [11] Chen Y J, Jiang H, Wang J T, et al. Planar

planar waveguide laser amplifier with the optical to waveguide oscillator with high output power and high
optical efficiency of 52% [J]. Optics Express, 2016, efficiency[J]. Chinese Journal of Lasers, 2017, 44
24(20): 22661-22669. (4): 0401001.

[10] WangJ T, Wu Z H, Su H, et al. 15 kW efficient MR, 258, ERWE, 5. SRS R0RF ik S
CW Nd: YAG planar waveguide MOPA laser [J]. BOEIR G AL 0F 5T [J]. P E Bk, 2017, 44(4):
Optics Letters, 2017, 42(16): 3149-3152. 0401001.

Long Pulse Laser Amplification of Yb:YAG Planar Waveguide with
High Energy

Liu Dongsheng'*?, Wang Jinchuan"**, Xu Liu"?, Du Jialin"?,
He Ping1’2, Tan Liangl’z, Wang Yanan'?, Wang Dan'?, Wang Juntao'?,

Zhou Tangjian"*, Shang Jianli"?, Gao Qingsong'*
" Institute of Applied Electronics China Academy of Engineering Physics, Mianyang, Sichuan 621900, China ;
* Key Laboratory of Science and Technology on High Energy Laser China Academy of Engineering Physics, Mianyang,
Sichuan 621900, China;
* Graduate School China Academy of Engineering Physics, Beijing 100088, China

Abstract

Objective Diode-pumped solid-state laser(DPSSL)has a large energy compact structure, high efficiency, and good
stability, which possesses outstanding application value and prospects in scientific research, military, industrial
processing, and other fields. DPSSL has achieved rapid development in the past 10 years. The efficiency of high
average-power solid-state laser has been the development direction of solid-state lasers. The planar waveguide gain
medium can satisfy the high injected laser and high pump laser intensities. Thus, the planar waveguide laser is one of
the potential laser technologies for obtaining high optical-optical efficiency and high average-power output. In this
study, a quasi-continuous long pulse width Yb: YAG planar waveguide laser amplifier at room temperature with a
wavelength of 1030 nm was constructed and the factors affecting the optical-optical conversion efficiency were
analyzed. We hope that this study will help improve the optical-optical conversion efficiency of high-power solid-state
lasers.

Methods The experiment is based on a planar waveguide gain medium. First, the theoretical model of laser
dynamics based on Yb: YAG was developed. The effects of the injected laser intensity, pump laser intensity, and
pump pulse width on the optical-optical conversion efficiency were analyzed through computer simulation. Then, a
quasi-continuous long pulse width Yb: YAG planar waveguide laser amplifier at room temperature with a wavelength
of 1030 nm was constructed. Next, the output energy of the amplifier was tested to verify the correctness of the
theoretical model. The laser amplifier was operated at different pulse repetition frequencies. In addition, the beam
quality of the output laser was measured using a beam quality analyzer, and spectra of the output laser were analyzed
using a spectrograph.

Results and Discussions The simulation results show that the higher the seed laser power, the earlier it enters
the steady-state extraction. The higher the injected laser intensity, the higher the optical efficiency of the steady-
state and optical-optical efficiency of the pulse. However, the increase in steady-state optical-optical efficiency
decreases gradually (Table 1). With an increase in pump power, the steady-state optical-optical efficiency increases
and remains stable. Due to the shortening of power rise time, the optical-optical efficiency of the single pulse
increases (Table 2). The output power of the pulse width of 500 ps and output power pulse width of 1 ms are
identical in the first 500 ps, indicating that the pump pulse width does not affect the time to reach a steady-state
(Fig. 6). The time to reach a steady-state is decided by the pump and injection intensities. The pump pulse width is
longer, proportion of the time to reach a steady-state in the entire pulse width is smaller, and pulse optical-optical
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efficiency approaches the steady-state optical-optical efficiency. The theoretical calculation results show that the
output energy is 4.96 J and optical efficiency of monopulse is 46.8% , when pulse width is 500 us. The experimental
result shows that the output energy is 4.67 J and optical-optical efficiency is 44.0% (Fig. 7), which is consistent
with the theoretical calculation result. The single pulse energy of the laser is not affected by pulse repetition
frequency. Thus, the average output power can be linearly increased by increasing the repetition frequency. With
the average output power increasing, the beam quality of the output laser gets worse in the Y direction ([Figs.
8-10). The amplified output laser has the same central wavelength as the seed laser, but the linewidth is slightly
compressed (Fig. 11).

Conclusions In this study, a quasi-continuous long pulse width Yb: YAG planar waveguide laser amplifier at room
temperature with a wavelength of 1030 nm is constructed. The effects of injected laser intensity, pump laser
intensity, and pump pulse width on the optical-optical conversion efficiency are analyzed. The master oscillator
power amplifier is adopted, and the seeder is maintained at a polarization of 1030 nm fiber laser. The gain medium of
the amplifier is a Yb: YAG planar waveguide, and the pump sources are two quasi-continuous 940 nm laser diode
arrays. After shaping, the pump light is coupled into the planar waveguide from the two end facets. With dual end
pumping, we obtain the laser amplification output with a maximum energy of 4. 65 J when the pump repetition
frequency is 400 Hz, and the maximum peak pump power is 20.4 kW. The polarization degree is 97 %, and the
optical-optical conversion efficiency is 44.0% , which is consistent with the theoretical calculation.

Key words lasers; laser amplifier; 1030 nm; planar waveguide; Yb:YAG
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