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MgO:PPLN-OPO & TG % SE 3L 1. &1 5% X — i)
A, FE BT AR b, 3RAT B RS E I 4R
fit Akopor = 0.2041 pum~'(1.57 pym, 3.3 pm),
Akopoa = 0.2135 um~(1.47 um, 3.84 pm)
AN AL 2R TC A 2% 1) Al T 93 A Al 5 4 45 % g I 1
(MgO:APLN) §h A, ik 4 i Bk iz 1 77 20, 52
LT R E A L57 um 1 3.84 pm % JE B 2 & e
H UL ARSCTE SRR b, SR SIS P T R,
i IR A LA BT, BRAT T B 3.13 WA
0.85 W 1 1.57 um A1 3.84 um ¥ Jil {1 2 &6 i 4240
xR R RN 6.8% T 1.9%, i ThE R e o
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Fig. 1. (color online) Schematic diagram of experiment setup.
Rl BRI
Table 1. The parameters of cavity mirror coating.
i 5 JERZH
M1 K9 808 nm@HT(T =~ 99.19%), 1064 nm@HR (R ~ 99.94%)
F K9 1064 nm@HT(T =~ 99.98%)
45° ¥, 1064 nm@QHT(T ~ 96.27%)
BS CaF'y
1.4—1.7 yum@HR(R =~ 99.95%), 3.1—4.2 pym@QHR(R ~ 99.85%)
1064 nm@HR(R ~ 99.99%)
M2 CaFa 1.4—1.5 ym @QHR(R =~ 99.91%), 1.5—1.7 ym@HT(T =~ 96.58%)
3.1—3.4 ymQHR(R ~ 99.79%), 3.7—4.2 ymQ@HT (T ~ 97.29%)
1064 @QHR/(R ~ 99.98
M3 CaF, nm@HR( %)

1.4—1.7 ym@QHR(R ~ 99.99%), 3.1—4.2 pym@HR(R =~ 99.86%)

E: HR SRR, HT R =B E.

3 PRER 4 G LR

ST P i i B4z MgO:APLN-MOPO 1 &,

PO AR R TR BN A2 T A 1 15 PN 9IR 35 06 3R 4
BEILES, EE ZWRKSECRARM I IIE L
W R FRE VRS RAE R PERE M EZAR R, UL,
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JEEIRIEM Z S EIRG I, W 2 fis.
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Fig. 2. Intra-cavity MgO:APLN-MOPO cavity decomposition

diagram: (a) Laser resonator; (b) multiple optical parametric

oscillation cavity.
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(R = 100 mm), HRIEHEEIRE G SHIW K
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OIS H, M R4 R R NAYVO, ik
Prif 2 51 & e AL, 2 BB B4 [ £ B
FoARNFKE Le 2600 5 Nd:YVOy g A Acs &b 3 5
JEBE ARl AR FR AR ka4, Bl A R anpE 3 A
BIART/R. M A dl A o0 2 255 TH A BB BE -
T I8 5 KR, B R R A G R O
IR, WOCA T R, B HR i AR X N
JEFaX. HE3AIAL Le [ %N 150 mm B, #fE
P 0 VRO B O B T ER B AR AR S UK
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v0 ) CAE R X5 1024 F [ € ££ 150 mm I, 41
B4 FTR, BEE Lo KJEIZHG R, #EEREM vr

VO AR RN, BRI, 56 55 PR IR s 7E 2
A3 [X 18] (1 TAE A2 e P RThIZE 6 5 1064 nm &
P 6 HIE AR A TTIE (1 3 A0 1 4 Hp e 55 K128 4R
% 808 nm fIZ I F4F), MALEE F = 150 mm,
L. =150 mm.
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Fig. 3. (color online) At different F values (L. =
150 mm), fundamental mode radius in the centers of

Nd:YVOy4 crystal versus thermal focal length.
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Fig. 4. (color online) At different L. values (F =

150 mm), fundamental mode radius in the centers of

Nd:YVOy crystal versus thermal focal length.
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Fig. 5. (color online) Simulated fundamental mode

beam in the laser resonator.

1064 nm = 0.3667. AN 206 2 B4R 18 &1t
WA, B K Ly + Ly A8 RS 2 14k,
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M2 FFE#ENR = 100 mm i, 2S8R
i B s N ORI 7 L P it B 88.5 mum, A4S
BB i Y FEBOGBE A a0 & 6 B, AR 1.47 pm,
3.3 um k% S BN RES L E 47 ym = 0.3675,
&5.3 um = 0.3769, BF| T HUABHH 1. BOLHA
T i d A 8 B s B 25 1 S48, B> MgO:APLN-
MOPO [P)JiE N EAGTE 5 AT w1 7 Fros.

0.6 — ‘ —
I
g 04l |
E N I
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Fig. 6. (color online) Simulated fundamental mode beam

in the multiple optical parametric oscillation cavity.
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Fig. 7. (color online) Simulated fundamental mode beam in the MgO:APLN-MOPO cavity.
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R A, MBI, RIRBEMEAE24 W A
A, 157 pm 5 5Ot & T N 2.97 W, M
3.84 pm PR A9t f D R AL N 0.5 WL
i HY 8% M2 #e Xt “1.4—1.5 um@HR(R ~90%)”
A1¢3.1—3.4 pmQHR(R~90%)”, ULI 1.57 um
3.84 pm it 2 EOGERR BAE 70 51 = 2 3.6 WA
4.3 W, Zdhis Wil oh Z53 )ik 3 57 W HI1 63 W
i, 3R T o 3.13 WAHI0.85 W 1.57 pm
3.84 pm Z 86, X RREE N 6.8% H11.9%.
HH BT v B 2 ) BRI R i ) T R M AR IR
RIH — MR AR T, JEHXTT 3.84 pm IRNAIDGEY
B, SRTHIE R E N E .
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Fig. 8. Total output power and conversion efficiency

versus absorbed pumped power.
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0.71 W, H11064 nm BOGH B DI, FE 89 A
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B B =i 1H 96.7%, 2 Ja R T FE, X —HAKE S
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W, BV R T M2 fE IR S BB L R
T = 10% R K, JER IR EV HRILR, (HH
TR KA, FRERBEEMAUEE] 75.4%.
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Fig. 9. 1.57 pm, 3.84 um output power and conversion
efficiency with different output coupler transmittances

versus absorbed pumped power.

100

80 -

60

40

THAER ) %

P =071 W

0 a 3 1 1 1 1 1
0 10 20 30 40 50 60 70

BRI /W

B 10 AR 8E R 24 F T 1064 nm BOE TR0
R i iE IS R AR AL

Fig. 10. 1064 nm laser down-conversion efficiencies

with different output coupler transmittances versus

absorbed pumped power.
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Fig. 11. (color online) 1.57 um, 3.84 pm output power
stability with different output coupler transmittances

versus absorbed pumped power.
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Abstract

Continuous-wave (CW) coherent sources emitting two wavelengths of 1.57 uym and 3.84 pm have aroused much
interest of scientists due to their many applications such as military multiband composite guidance, remote monitoring of
the special environment, etc. Quasi-phase matching (QPM) optical parametric oscillator (OPO) device with periodically
inverted structure of nonlinear coefficient can implement an efficient and wavelength conversion at arbitrary wavelength
in the transparent range of the QPM material. Nowadays, using MgO:PPLN for QPM, various MgO:PPLN-OPOs
pumped by conventional 1.06 pm laser source can produce 1.57 um and 3.84 pm laser and also achieve good results. But
as a result of the limitation of momentum conservation condition and periodically poled structure, 1.57 pm and 3.84 um
laser can only meet a single band. To obtain the two-wavelength laser output at the same time, the MgO:PPLN-OPO
could not be applied. In this paper, a CW 1.57 um and 3.84 pm intra-cavity multiple optical parametric oscillator based
on MgO:APLN is reported. The cross period parameter light is obtained by using a folded type doubly cavity which
consists of 1064 nm resonator and multiple optical parametric oscillator. Considering both its thermal stability under
high power pump and the light spot mode matching of multiple optical parametric oscillation process, through numerical
simulation and theoretical analysis of two sub cavities, the optimum parameters of the cavity structure are determined.
On this basis, the influences of output coupler transmittance on oscillation threshold, the down-conversion efficiency,
output power stability are investigated in experiment. With 7' = 10% at 1.47 pm and 3.3 ym output coupler used, the
maximum output powers of 3.13 W at 1.57 um and 0.85 W at 3.84 um are obtained, corresponding to slope efficiencies
of 6.8% and 1.9%, respectively. The power stabilities are better than 1.8% and 3% at the maximum output power in
half an hour. The experimental results show that the intra-cavity multiple optical parametric oscillator based on a single

poled crystal MgO:APLN is an effective method of obtaining a 1.57 pm and 3.84 um CW laser.

Keywords: MgO:APLN, multiple optical parametric oscillator, continuous-wave, intra-cavity oscillator
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