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PPMgLN-Based High Power Optical Parametric Oscillator Pumped by a
Pulsed Fiber Laser

Yang Dingzhong Jiang Peipei Chen Tao Wu Bo Kong Jian Shen Yonghang
(State Key Laboratory of Modern Optical Instrumentation, Department of Optical
Engineering, Zhejiang University, Hangzhow , Zhejiang 310027, China)

Abstract This paper reports the development of our recent work on an all-fiberized high power linearly polarized
pulsed Yb fiber laser and using the fiber laser to pump a PPMgLN-based optical parametric oscillator (OPO). The
pulsed fiber laser used a fiberized acousto-optic (AO) Q-switched Yb doped fiber laser as a seed and a large mode area
double cladding polarization-maintaining fiber as the gain medium. It delivered a linearly polarized pulsed laser output
working at 1064.2 nm with an average power of 23.5 W at a repetition rate of 40 kHz. The polarization extinction
ratio (PER) of the emission was better than 10 dB. The pulse duration was about 46 ns and the beam quality factor
(M?*) was about 1.3. Using this all-fiberized laser as a pump source to pump a PPMgLN-based OPO. we obtained a
maximum parametric output power of 11. 05 W at signal wavelength of 1602 nm with 3. 01 W of idler power at
3168 nm. The total conversion efficiency and the slope efficiency was 56% and 63% respectively. At signal
wavelength of 1508 nm, a maximum parametric output power of 9.87 W was obtained with 2. 75 W idler power at
3614 nm.
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Fig. 1 Schematic diagram of the all fiberized linearly
polarized pulsed Yb fiber laser
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Fig. 2 Schematic diagram of the fiber laser pumped optical parametric oscillator
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Fig. 4 Emission spectrum (a) and pulse shape (b) of the
fiber laser output at repetition rate of 40 kHz

under absorbed pump power of 36 W

A T8, X B K 4 i D 3168 nm FI
3614 nm, K& 5 RS w4 R 5 E iz
PRI ST O M AT R Z R E ., B 5N
£ 1602 nm {5 5% IE 6L SRR G A T & (g
15 S DR G S ORI R DL R W EOLTh O Sz
BB AR R E L AE19.7 W Hliz T,
PG RIS E i H Y% 11,05 W, H i 3168 nm
BARAL HFBOLR T E R 3. 01 W, OPO B it 6 e 50 %
g 56 % AR N 63% ., B 5(b) MFE 1508 nm {5
SOGIEE DL SRR e YR S s OB LR EO0
AR RE . E19.7 WHhis T k3 ok
HSEH A 9.87 W, Hivp 3614 nm P K 4b NG
TN 2.75 W,



1

W T A TR IR WA AR Al S e 15 B e I ALt 1A A K O £T O 2 1 8 D 308 2 iR A

12 4 OPO output power
g e signal power at 1602 nm __.=*
n.? 10 » idler power at 3168 nm
83 8 _oh®
g ___'
1)
2 6
Z
g 4
o aAAsa
S 9
=%
o (a)
0 -
0 3 6 9 12 15 18 21
Pump power P, /W
K 5
Fig. 5
ﬂ_: N
4 én B

I 21T BRI A2 62T Ak R 2 Ml B 5 T R 45 B bk o
JeLF Ot . LR 262 Bk G A48 i 52 T
. JCEFHOE AR i R 2 fi Ik Dh R 1K 5 23,5 W,
P IR H LA T 10 dB. H MR 40 kHz, Bk vh 58 )
46 ns OGN M 20 1.3 R EERL . ]
O WOt A 2 2 T PPMgLN (4% 14 58 447 n]
i OPO.SLB T @S e, 72 19.7 W
2 ik BOE Mz T A2 5 5t 1602 nm @ iE . 3R A
RIOES B AN 11,05 W, L 3168 nm 4b
BT 3. 01 W.OPO fg 554080y 56 04
BRI 6300, 1E6F 50 1508 nm @ iE . 415 5
KIS R HR 9.87 W, H 3614 nmAib INHOLEY)
Ry 2.75 W,

Z & X #t
11 Elder, D. Legge, J. Beedell e al.. Nd: YVO, pumped
degenerate PPLN OPO [C]. Advanced Solid-State Photonics
2006, MB; Page MB20
2 Y. Isyanova, E. Slobodtchikov, J. H. Flint. High repetition
rate, rapidly tunable KTA OPO [ C]J. Adwvanced Solid-State
Photonics ,» 2005, MB : Pape MB407
Zhu Yachen, Lan Ge, Li Tong et al.. 2 pm KTiOAsO, optical
parametric oscillator [ J]. Acta Optica Sinica., 2007, 27 (11).:
2059~2063
RHER, 2 XA B A kb 2 pm KTIOASO OGS 2R G
M1, 5 59R.2007.27(11): 2059~2063
Y. Wang. D. Xu. Y. Yu @ al.. High-peak-power. high-
repetition-rate intracavity optical parametric oscillator at 1. 57 pm
[J]. Chin. Opt. Lett., 2007, 5(2): 93~95
Fu Weijia, Yu Jian, Kang Yuzhuo et al/.. 13 mW-continuous-
wave green light output by quasi-phase-matched {requency
doubling in periodically poled KTP[J]. Acta Optica Sinica .
2007, 27(6): 1063~1066
k. T @ R 4. MEA AL UC AL PPKTP & {4 3% 22 4% 4
13 mW gt di[J]. k% F4k, 2007,27(6): 1063~1066
K. Miyamoto, K. Suizu, J. Shikata et al.. Wavelength-agile 5~
10 pm generation by galvano-controlled double crystal KTP-OPO
[C]l. Conference on Lasers and Electro-Optics (CLEO), 2006,
CTuZ: Pape CTuZ2
7 Yao Jianghong, Liu Zhiwei, Xue Liangping et al.. Low threshold
and  wide

8}

e

w

o

tunable optical parametrical oscillator based on

periodically poled MgO : LiNbO; ( PPMgLN) crystal [ J ].

37
E 121 -*= OPO output power
* ~e- signal power at 1508 nm
o 10 + idler power at 3614 nm_,=*
St
£ 8] .
2
5 4
1S A
o 24
oo
o 0 (b) -
0 3 6 9 12 15 18 21
Pump power P, /W

NS R G A i B T B S s WO B SR T R MR . ()1602nm # 38 5 (b) 1508 nm i 8

Output power of the OPO via fiber laser power (a) for 1602 nm channel; (b) for 1508 nm channel

Infrared Millim. Wawves, 2008, 27(2): 105~108
WL, XA AR L BE2 P %, BT PPMgLN i A 10 56 381 385 41
S RIEG L)) st s £ ok k3 4R, 2008,27(2) .
105~108

8 Kong Yongfa, Li Bing, Chen Yunlin & al.. Study on the micro-
mechanism of Mg-doped lithium niobate crystals against
photorefraction[ J]. Infrared Millim. Wawves, 2003,22(1): 40~44
LBEER. % K.BEait & B8R &R DG T A2 HOm L
WEFE[T]). 2rob ks 2 Kok %4k, 2003, 22(1): 40~44

9 Yao Jianghong, Yan Boxia, Chen Yahui e al.. Periodically poled
second harmonic green light generation in near-stoichiometric MgO-
doped LiNbQj crystal[ J]. Laser Technology , 2004, 28(2); 141~143
WEVER B R MR AF. TR AL I AL 25 i i iR B R R
SRARREIE TS ()], Mo R 2004, 28(2): 141~143

10 B. Wu, Y. Shen, S. Caie al.. Widely tunable high power OPO
based on a periodically poled MgO doped lithium niobate crystal
[J]. Optics & Laser Technology, 2007, 39(6): 1115~1119

11 Xingbao Zhang, Baoquan Yao, Yuezhu Wang et al.. Middle-infrared

intracavity periodically poled MgO : LiNbO; optical

oscillator[J]. Chin. Opt. Lett., 2007, 5(7); 426~427

D. W. Chen, K. Masters. Continuous-wave 4. 3-um intracavity

parametric

12

difference frequency generation in an optical parametric oscillator

[J]. Opt. Lett. . 2001, 26(1): 25~27

Yao Jianghong, Yan Boxia et al.. Optical

parametric oscillator based on periodically poled MgO: LiNbOs

crystal[ J]. Chinese J. Lasers, 2007, 34(2) . 209~213

WVr g BEE T B S AL B SRR R R S

RS0, F E sk, 2007, 34(2): 209~213

C. Kieleck, M. Eichhorn, A. Hirthet al.. High-efficiency 20-50

kHz mid-infrared orientation-patterned GaAs optical parametric

oscillator pumped by a 2 pm holmium laser[J]. Opt. Lett. ,

2009, 34(3): 262~264

Zhu Guoli, Ju Youlun, Wang Tianheng et al.. A mid-IR 14.1 W

ZnGeP; optical parametric oscillator pumped by a Tm, Ho :

GdVO, laser[J]. Chin. Phys. Lett., 2009, 26(3): 034208

16 D. Creeden, P. A. Ketteridge, P. A. Budniet al.. Mid-infrared
ZnGeP; parametric oscillator directly pumped by a pulsed 2 pm
Tm-doped fiber laser[J]. Opt. Lett., 2008, 33(4); 315~317

17 D. Creeden, P. A. Ketteridge, P. A. Budni et al.. Multi-watt
mid-IR fiber-pumped OPO [ CJ. Conference on Lasers and
Electro-Optics (CLEO), 2008, CTull: Pape CTull2

18 A. Henderson, R. Stafford. Low threshold, singly-resonant CW
OPO pumped by an all-fiber pump source[ J]. Opt. Express. ,
2006, 14(2): 767~772

19 D. Chen, T. S. Rose. Low noise 10-W cw OPO generation near 3
pm with MgO doped PPLN [ C]. Conference on Lasers and
Electro-Optics (CLEO), 2005, CThQ: Pape CThQ2

20 Jiang Peipel,
PPMgLN based high power optical parametric oscillator pumped
by a pulsed Yb fiber laser[J]. Chinese J. Lasers, 2008, 35(s2):
168~171
LR ZEOON, KAT G5 BENKCOGER HOL & S 0 e R
PPMgLN S &k a[J]. +F B#st. 2008, 35(s2): 168~171

1

8}

Xue Liangping,

—

15

Cai Shuangshuang, Shen Yonghang e al..



