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Discrete Path Nd: YAG Innoslab Laser Amplifier Operating at 2 kHz
Repetition Rate

2,3%
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'Key Laboratory of Space Laser Communication and Detection Technology, Shanghai Institute of Optics and
Fine Mechanics, Chinese Academy of Sciences, Shanghat 201800, China;
*Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences,
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‘Laboratory of Space Laser Engineering, Shanghai Institute of Optics and Fine Mechanics,
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Abstract A compact, discrete path Nd: YAG Innoslab laser amplifier system with novel eight-pass arrangement is
developed. An electro-optic Q-switched oscillator using Nd: YVO, crystal as gain medium is used as the seed laser. With a
seed laser power of 2.7 W at a repetition rate of 2 kHz, the amplified laser power of more than 13 W is achieved
successfully with the pulse width of 15.5 ns, and the corresponding extraction efficiency is 14.6%. The experimentally
measured laser beam quality factors are less than 1.7 and 1.5 in the x and y directions, respectively. Self-lasing and
amplified spontaneous emission (ASE) are not observed at the maximum pump power with discrete-path laser amplifier
configuration.

Key words laser and laser optics; Innoslab laser amplifier; Nd: YAG; discrete path
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Table 1 Parameters in theoretical simulation

Parameter Value
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M 0.7
\% 1.2ecmX1emX0.04 cm
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amplifier with 2. 7 W seed power

A ) R BUE AL A 3 TR

FESZI T R OGRS W TR O R
wWE 3R, 2SI I TR Sk 70. 4 W R G T
N 13 W, RN ) B BUROR g 14, 6% . MBI 3H AT LA
F L E R R DR T 47 W, 25 45 R 5 B
BRIV & 8047 . T SR N AE AR RO, BB R 1T
I R ) B 5 A BRI S 1 25k T oL, DR I S 56
RS THIS R, ERAEHDET /MES
A5 R ARSI R R R g /=2, 14<<4, Fil R B
KL B A ASE /7= 24k, L5 45 R WIE I T X — 45
W BEE WG R AR L B, e R G5 AT L
WL EN ) A IR G B4 .

TE A SC I X b S5 L AR H A IR B
Innoslab ¥ % i K #% 2549, BDRE 1] 1 rp i) M4 . M5 I
M6 H— R 5 8 B AR e B T R o 70.4 W
BI&ER AR FOLEAATIERT7WH A
P, FBIR fa  2  E  AE T R Y AR Ak
4 fr s, [ A i R A SR G B A A . R

0 2b 4I(} GI(} 8:0 l(I)O 120
Absorbed pump power /W

P4 AR FOCTE AR, B OWUIR & S25 Bl W 2 T 2 25 1 72
OEFR A0 B B IR 2 D B 3 A

Fig. 4 Power of parasitic lasing versus absorbed pump power

without seed laser injection (Inset: intensity distribution

of parasitic lasing beam)

0914011-3



F61EFIH/2024 FE5 B/BAERBEFEHRHRE

FH 3 37 6 4% O I 45 K ) A D A 52 6 5% 1 52 4 A [R] 1Y
THOLT A WL 2 3 R

TE 5256 v, 38 5 SRR R Ol 1 GHz 1906 H R D %
A5 35 Tk o 6 B BT 30 08, O A AL 5 TR o R ik
T GE 298 15. 5 ns, KBS FpF ik oiAH [ (15. 2 ns) .
H T A O i R U 2 IR 35 X, R
B (1 O bk I T A R R R R R R . 4 ORI A
Ji % Innoslab O K 2% 25 48 B, ik o i 4n 51 6 B
7N, AT DOER 2 1 B A R L 71 S O bkoeh 22
H— B a4 N 170 ps B bk b 52 .

Lo f@

s o o
= E + =]

Intensity /arb. units

=
¥

=

-20 0 20 40 60
Time /ns

e =
=g} =)

=
e

Intensity /arb. units

-20 0 20 40 G0
Time /ns

FS (a) FirgEAn (b) gl ko i) I il i b i 72
Fig. 5 Time pulse waveforms of (a) seed laser and

(b) amplified pulse

Lo}
2 08F
g
=
£ 06+
&
B
F 0.4
g
5 0.2
]
~200 ~100 0 100
Time /ps

P67 L A O v I Yk e R

Fig. 6 Waveform of single laser pulse with self-lasing

5256 v SR ] Spiricon M2-200s 3406 38 23 1 A2 % i
RGBT & R (M) #4700 &, 4 7 (b) BFR .
TR o Ay 7 MP Ay SN 17 RN L5, T
S OGTE K5 1) B AR AE RS A A, B 220 OGRS
TR G O AW & N, SR ORI 7(a) ],
AT A AL . 7 A R CCD B R 3 1Y
O LI 37 5 B 43 A 1 O o

(a)

g

g

! ME=12

Beam diameter /um
X}
S

:

1

% ,y",

1 t,‘"",.l | |
200 300 500 T00 900
Positions after focusing lens /mm

(b)),

480 F

8

e
e B8
s 2

[ hp-17"

© ME=15

Beam diameter /um
[=1] oo
[=] (=]
S S

g

200

1 | T ! 1
270 330 390 450 510
Positions after focusing lens /mm

¥ 7 Nd:YAG Innoslab #OG UK & A6 R BT 4T b . (a) ¥
JEEg M5 (b) 13 W R Iy I 19 M* o 4 [ I 3 06 B
SR JEE A
Fig. 7 Beam quality comparison of Nd: YAG Innoslab laser
amplifier system. (a) M° of seed laser; (b) M when
amplified power is 13 W (Inset: intensity distribution of
far-field beam)

4 4 e

BT IR 1R 8 53 37 #6542 Nd: YAG Innoslab i
R R A R G . N R K, A T I T R R
70.4 W R, fE 2 kHz EEWR T, FF6TR i 2.7W
R B 13 W, %5 By 4 BUR 3 ol 14. 6%, ik o 58 B R
15.5 nso 3l i 43 57 AR BOE AR A T, BT LA )8
BRI i e o A NS R E IR (o W vl e U |
ASE. JKFF1 % H 7w B e R T Bl ok 1.7
1.5,

TR — 0 T AE o 1 R Ak R 30O 78 A
KA Z 18] A5 2 U e, F — 25 2 v A o ) 23R 4 BAL
R o % Innoslab OB IR 48 4 I F 3E e M 450K A8

0914011-4



F61EFIH/2024 FE5 B/BAERBEFFEHRHRE

e, 40 AR [ AT S EOL S BOE S 8 IR 5 B9 Ko

(1]

(2]

(3]

(4]

(7]

(8]

(9]

Z % x M

Hwang D, Ryu S G, Misra N, et al. Nanoscale laser
processing and diagnostics[J]. Applied Physics A, 2009,
96(2): 289-306.

Cerny P, Jelinkova H, Zverev P G, et al. Solid state
lasers with Raman frequency conversion[J]. Progress in
Quantum Electronics, 2004, 28(2): 113-143.

Lohring J, Luttmann J, Kasemann R, et al.
INNOSLAB-based single-frequency MOPA for airborne
lidar detection of CO, and methanel[J]. Proceedings of
SPIE, 2014, 8959: 895901J.

Ostermeyer M, Kappe P, Menzel R, et al. Diode-
pumped Nd: YAG master oscillator power amplifier with
high pulse energy, excellent beam quality, and frequency-
stabilized master oscillator as a basis for a next-generation
lidar system[J]. Applied Optics, 2005, 44(4): 582-590.
Ryabtsev G T, Bogdanovich M V, Grigor’ev A V, et al.
Powerful all-solid-state multiwave laser for aerosol lidars[J].
Journal of Optical Technology, 2014, 81(10): 571-574.
Russbueldt P, Hoffmann D, Hofer M, et al. Innoslab
amplifiers[J]. TEEE Journal of Selected
Quantum Electronics, 2015, 21(1): 447-463.
Hodgson N, Weber H. Influence of spherical aberration

Topics in

of the active medium on the performance of Nd: YAG
lasers[J]. IEEE Journal of Quantum Electronics, 1993,
29(9): 2497-2507.

Liu C, Riesbeck T, Wang X,
spherical aberrations on the performance of dynamically

et al. Influence of
stable resonators[J]. Optics Communications, 2008, 281
(20): 5222-5228.

Guo J, Lin H, Li J F, et al. High power TEM,,
picosecond output based on a Nd: GdVO, discrete path
Innoslab amplifier[J]. Optics Letters, 2016, 41(12): 2875-

(10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

(20]

0914011-5

2878.

Ma C, Liu Z, Liu K, et al. High efficiency, 41.6 W,
10 kHz picosecond output based on a Nd: YAG double-
pass multi-folded Innoslab amplifier[J]. Optics &. Laser
Technology, 2022, 148: 107767.

Ning J, Han K Z, He J L., et al. 83.4 W, 17.69 kHz
spectral bandwidth, continuous-wave, beam densely
folded Innoslab amplifier[J]. Optics Letters, 2017, 42(6):
1109-1112.

Mao Y F, Zhang H L., Hao X L, et al. 8.4 mJ, 10 kHz,
3.6 ns, Nd: YVO, slab amplifier[J]. Optics Express,
2016, 24(10): 11017-11022.

Lohring J, Strotkamp M, Elsen F, et al. Demonstration
of a 500 mJ InnoSlab-amplifier for future lidar applications
[J]. Proceedings of SPIE, 2016, 9726: 97260M.

Javed F, Zhang H, Gao Q, et al. A high average power,
compact 100 kHz, 11.6-ns Nd: YAG Innoslab amplifier
[J]. Results in Physics, 2020, 16: 102926.

Gao Q, Javed F, Zhang H L. 212 W, Nd: YAG
Innoslab nanosecond laser amplifier[J]. Proceedings of
SPIE, 2019, 11170: 111701V.

Avizonis PV, Grotbeck R L. Experimental and
theoretical ruby laser amplifier dynamics[J]. Journal of
Applied Physics, 1966, 37(2): 687-693.

Koechner W. Solid-state laser engineering[M]. Berlin:
Springer Verlag, 2006.

Sato Y, Taira T. Temperature dependencies of stimulated
emission cross section for Nd-doped solid-state laser materials
[J]. Optical Materials Express, 2012, 2(8): 1076-1087.
Sang S H, Zhang H 1., Mao Y F, et al. Compact, high-
average-power, nanosecond multi-pass Nd: YVO,
Innoslab amplifier[J]. Applied Physics B, 2015, 121(2):
131-134.

Furuse H, Chosrowjan H, Kawanaka J, et al. ASE and
parasitic lasing in thin disk laser with anti-ASE cap[J].
Optics Express, 2013, 21(11): 13118-13124.



	1　引言
	2　实验装置
	3　结果与讨论
	4　结论

