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Abstract: High efficiency and high average power nanosecond pulsed solid state lasers are playing an
increasingly important role in photoelectric countermeasures, lidar, material modification, laser processing and many
other fields. However, at present, Yb:YAG or Nd-doped materials are adopted as gain medium in most nanosecond
high average power lasers. The high saturation flux or low energy storage density of the materials lead to complex
laser amplification link and large laser volume. In this paper, a disordered garnet crystal Yb:CNGG that is more
suitable as a gain medium for high average power and high pulse energy lasers is studied and compared. The multi-
pass gain characteristics of Yb:CNGG in the structure of active mirror are researched. The amplification process is
analyzed and the multi-pass amplification model is established. The crystal parameters are optimized under certain
pumping conditions to achieve better energy storage. The double-pass amplification experiment was carried out, and a
gain of 1.53 was obtained at the pump power density of 15 kW/cm® The multi-pass amplification capability of
Yb:CNGG and Yb:YAG is compared. Under the same crystal parameters and pumping conditions, the pulse energy
output of 2.11 J can be achieved by Yb:CNGG crystal at the incident energy of 1 mJ, which is better than the energy
output of 1.41 J of Yb:YAG crystal.

Key words:  Yb: CNGG, laser amplifier, multi-pass amplification, active mirror, laser diode

* RS EEA:2022-08-24; &7 HEA:2023-02-01
BEWM B & [ A5/MTE LT (KISP2020010304)
BREAR: R 1, 958884600@qq.com.

BIE1EH: ML, huacaichen@cjlu.edu.cn;
EHIA, guanxianghe@163.com,

031003-1


http://dx.doi.org/10.11884/HPLPB202335.220261
mailto:958884600@qq.com
mailto:huacaichen@cjlu.edu.cn
mailto:guanxianghe@163.com

weOoW s 5 Ol TR

FIOF AR ko e RO R G N HAE TR I Tk BMOR AT A I R I S F K £ (1 6
T, SR TE 38 SR 3 = 1 B D) R, 6 R SRR D LR RO B . B B = T RO R G 2 T A
Uit . TR = A4 4R, U0 Mercury R 4EE), LUCIA R 4519, DIPOLE £ 5117 28 0 i3 F it 8 2 i R 48 5 AR
(2 [, TR A% 32 AT A4 4r 52 2% o ZEMERHI SOE b o S Ak 04 TR 5 1 80633 B 55 Ak 22 N FH 3 55 v, R B2 5K
ARG RHEE R TSR 5 T A, IR T A S R O SR R T B IR RS E L Thik
Fb, ¥ 98 & e N 5

TR S B A VR B S S R 1 A B S SO IBOR AR ARy — RO 2% 0 AL, AT LA R v ST 14 T 3R ik o R i
Wt /NI R o BAT, Z2 RN R 3E 25 A A R S B EOG BOR#R O 4SBT R T kb R R O
o 2017 4, TR RSETE IR T AR A 2 Nd:YAG £ 18 2 5 58 Z PR 8%, 76 1~ 10 Hz 1Y 8 52 4 3% T 15 %)
T 122 T BGARD K vh i 3, Nd:YAG & 1 PR G w8 486 i 20503 R IO B9 9 R 50, 6 0 Tl 20 A0 B 20l & L
FEAR . = A5 AR AR5 2019 45, PR ] 50 mm (19 K FLAE Nd:LuAG P % E Ry 43 A A7 V5 2 S B iR B 1) 38 25 A
BT, PEEE S 10 Hz BPA3 3 1 10 T 9N FD Bk b (), V8 YAG B[R 1K, LuAG AL REPEOL T YAG gk )
12 KTE, Nd:LuAG R /)N (14 i S5 80T K 1) 5 5 743 i el A B g 1) 258 vl 01 ) DA R A7 3 BB At A, SIS B Rt ME =
e A A Tl T AR IO AR W 1 25 0, H AT 2 B T SO A AR S SO ANE Q O 2018 4, Brendan A Al
THET IR Yb:YAG A U5 S5 58 0 WA BBk bk vhilc K 4%, 76 500 Hz BB MR T =4 1 1T Bk 10, Yb: YAG
an R H T H R TROR . KIOEHar . SR 58 Al Sk BB 2SI, © M T &R & YR OGS,
SRR v T A e 2 K rhOG R, R B RTRE FR0E YORROG AR . IR R RS B 290 KA, RS
T SRR 07 oK, A7 B T4 — R B3l i 3 25 A ORI T RGACR, itk RS 22tk

AR T8 YO TR 7 AR A SR Yo:CNGG 78 A S0 09 TR S5 4540 Th i i T, % Yb:CNGG 2 R i
KA R 5 A VAT T BS W 5L T 2RO AL, (AL T 2 B KA AL Yb:CNGG [958 24 i 7 43 B0FN
JE LAFRAS S SR A 0 25 . R JRR S BE LA R X Yb:ONGG & AT J T SR i RS2 3, B IE T 22 R OB R iy ] &g
PE, IFXFLE T Yb:CNGG fiA 5 Yb:YAG fhiR i Z KB T, IEW] T Yb:CNGG #h IR 7E 2 B K Mot & /N B4k
ST T .

1 BigaH
11 SR AER

Mk — R0 TC ¥ B AT A AT AR, YD:CNGG AR e — 5 LB 1 3 EL B A G AR 10 8 45 . CNGG 10 G I kR
ST MR F TS T A BRI AR B AT N GE, BT T Yb:ONGG i PR 5 19 W% WO A% 51635, 7 Yb:CNGG i
HA BT ISR, 2B MR AR B 10 =% . Yb:ONGG K — B3 25 A R A0 % FE S 500 %6 102, ML T Yb:YAG
(B 5515 Yo bR, CNGG G R 47 1 5 45 1 i Y b:CNGG LA 48 ke 1 W02 M 76 T D 6 4 T, 94 1 EC 6 3 i
e RIS AE ST, AR L TACBEBE %48 Nd MR YD:ONGG HAT 15 Yb MPEHE FACER . 9e Bk . SRR %
5, HG T LS R i i 8 A B /7 A

£ 1 Yb:CNGG, Yb:YAG #1 Nd:glass (LHG-5) B & F S # 3t bk
Table 1 Comparison of common parameters of Yb:CNGG, Yb:YAG and Nd: Glass (LHG-5)

absorption absorption cross emission emission cross fluorescence  thermal conductivity/
crystal wavelength/nm  section/(10 cm?*)  wavelength/nm  section/(10* cm?) lifetime/ms (W-m'-K™"
Yb:CNGG 941 1.6 1028 2.4 0.79 4.7
Yb:YAG 941 0.76 1030 2.03 0.95 10
Nd:Glass (LHG-5) 840 3.0 1054 4.1 0.29 1.19
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Fig. 2 Single gain multiples of crystals at different thicknesses and doping concentrations
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Fig. 5 Schematic diagram of the multi-pass laser amplification system
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