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Fig. 1. Theoretical model of SRO.

TEV-E L ME SRR Z&F T, SRO Y
G SRR I 21

{Tds +yos= 2X04pai* +1/ 27505 in+/ 2Msﬁs,ina

*
Op = Opin — XQsQl, O = X O,

Hrb, o, asfla; 73091378 SRO B didg b ik
Wiz G5 HMINEY; apn AASTHIIIZY,
o in AAF T IC NG AR & B S AL T AR E 23,
Bsin HIABRFET | AW B2 ; 7+ WAF T GTENE N
VEIA—JRI IR E]; v Ay 55 AR5 B2 38 DG 1Y
PAFE, v = t2/2; ¢, AES O LG B R B I %,
s 1955 A 5 110 3 Sk 23 DA R b AR A R AT S5 A G
PIAFE, & LN SBFE Y = 7% + g x WK
ANERIRRRE S REL

T g AR S OGN G A R R
KB I O6 55 P E R
RZH: aj=a;+8a; (j =p,s,i). EXo=0pin/0pn
HHIZ S, apin, G 230 5 ASHIZ G 1
BIE LK SRO iz FE. ARG 0V iz
TR, AR apw = 7/V2x . HIILATE {55
DGR B G I R R D R an T

2y(c — 1)

T8¢k + Yo = (Sa;)in + 3atp,in)

o

+ v 2’756as,in + v 2,ussﬂs,in;

odai = /(0 — 1)d0y in —
+ \/2504:.

RE UG 0 1E AR M FLE AR 5439l hy

pj = 601]‘ + 60&;,

2
%(O’ —1)8a ®

. N (.7 :P,Sai)- (3)
qj = —i(daj — 8aj),

P A8 R AR O T R (2) 8 B B R 4 (]
VABFFE AR TR Ty w B R AR, O
PRI ILHEIER AN, A4S B A A5 ORI &L
AIIE S IR MR 4
P (@) = 1 27\/270(0 -1)

T w272 4 A2

+7 2'Yspas,in (w) + 7\/271u5p55.m (w)

Dp,in (W)

+wTt 2'quas,m (w) T WTy 2l’qu65,in (w) )

p) =D @)= o - 2 o).
(1
A AR H 5705 R

094205-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 69, No. 9 (2020)

094205

Ds,out = V/ 2%sPs — Pagins

{ (5)

27ipi,

o Ol SRS B 03B TR A S FE,

v = t2/2, t N RED R AR A BRI R
BOrRE (4) FRATTRE (5), A5 35 15 5ot

IR B ) ik B W P L AR A

167°ys(0 — 1)

02 (w272 4 42)?

5 (@) = (Iprou®) = 2EZ 91

Pi,out =

So (@) = (Ipsoul’) =1+ S, (W),

202

(0—1)[0*(W?T? +42)° +474(2 - 0)?]

+
04(w27'2 + 72)2

Sp (w),

(6)
Hodp Sy (w) MHhZE e sRIERE S . T A Y
Porsn(©) s o (@) s P (W) gp, (W) I H 2,
Jr AR YN 1.

WAt AT SRO & P A A bR o B 1) £ B DL I
MgO:PPLN f A i mT LU Ak 45 5 A
PR S 1 e B e 7 e R R . MgO:PPLN A
T W R BER L, FTITE0 ne. ST FRARHY
MR, AR LI A, PR hlE R
AR e A AR AR P2, DA AR N R RO R R
He T AR, SEFR L = (ne (T) — 1) I, 76 SRO JEE P4
AR L8 5 v] 3RA5 T BRI 19 2 SO
Gy, PR UERREE N [, T8N n,. TEDUE IR

B, ARSI A R Q1)
TE 5% 5 S P il br o L Y f B AR AR 29 Rk o
LR 2 2 ) FEL ML e O R 5 oL A B T )
NEEFR N 1V /1°, B bR EEL 1 AR BB 25 0 4R 7
HLAL BRI IS 5 28 AE B Asing2t. R HY
R, SerEAE R P E S R A AT
Ak, R = le/\/l — n2sin®(Asin 2t) . {55LLE
NI — R IHE] 7 = (1 4+ 1L 4+ 12) e, AL
R FIAR I LAY SRO 25 ks K. I T 2 (6)
AT LLE Y, 5 MgO:PPLN Sk Ry | bR
HEE B PR TR Q $B0T LLSCE SRO fi A5 50
LR B B AR AL

3 LREE

FIHH SRO 7= A 22 584 S LTS NEO G S 59
SE WA 2 PR,

s HOC IR B LA Nd:Y VO, ¥
Jer%, B KR 1064 nm, Hi IR 30 W 4
WOt 2B A (half-wave-plate, HWP) FlJt
b 25 4% (optical isolator, OI) LAB 1k & 5 St & M
WOtz . HWP2 iz ek A SRO
M= 77 1. L1 AR VE A& 5. SRO ik it
VU G55 PRI I A5 48, H 9 A T T A R A T A 4
B TSR MR M2 Y il #4215 100 mm,
PEA A Ay 8 i il iz S A IR DG a5

HWP1 Ol ﬁ
[ wil|
E L

%U % PD3

M3 -
PZT el
HV P
_
-~
Out * Out
+
Inl + In2 Inl In2 In3
‘l 0 o 0
PID

" Out
® Out Ref LA In
Ref LA In 7 :

2 FIADEYSE ARG a8 A 1 2 T TR 2L AMEOL I e B 3 B

Fig. 2. Experimental setup for generation of broad band tunable infrared laser by singly resonant optical parametric oscillator.
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Fig. 3. Intensity noise power spectra of pump light of SRO
at 1064 nm.
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Fig. 4. Normalized intensity noise power spectra of output
light of SRO vs. temperature of the crystal: (a) Normalized
intensity noise power spectra of the signal; (b) normalized
intensity noise power spectra of the idler.
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Abstract

The infrared laser sources have important applications in many fields such as real-time detection, gas
sensing or tracing, high-resolution spectral analysis and quantum optics. In this paper, we develop an infrared
laser source with mode-hop-free broadband tunability by using a singly optical parametric oscillator (SRO)
based on the magnesium-oxide doped periodically poled lithium niobite (MgO:PPLN) crystal. A polished
lithium niobite crystal with a thickness of 1 mm is used as an etalon that is inserted into the cavity of SRO to
realize continuous mode-hop-free tuning. The resonant signal in SRO is frequency stabilized to the transmission
peak of intracavity etalon. Owing to the high stability of the resonator, continuous mode-hop-free tuning with a
bandwidth of 2063.7 GHz for both signal and idler is realized. The oscillation threshold of SRO is 7.3 W. The
signal of 4.3 W over 1551.9—1568.6 nm and idler of 2.1 W over 3307.3—3384.3 nm are generated for 22 W of
pump power by tuning the temperature of the crystal from 20 °C to 70 “C. The slope efficiency of 42.6% and
optical conversion efficiency of 29% are obtained. Then the intensity noise characteristics of generated infrared
laser are further studied theoretically and experimentally. The fluctuation characteristics of the SRO emission
can be computed just by using a semiclassical approach. We analyze theoretically the factors that affect the
intensity noise of the signal and idler. The temperature of the MgO:PPLN crystal and the modulation frequency
of the etalon are important parameters, which can affect the intensity noise characteristics of signal and idler
laser. Therefore, we investigate experimentally the variation of the intensity noise characteristics by changing
the temperature of the crystal and the modulation frequency of the etalon. The intensity noise of the signal and
idler laser are optimized through controlling the temperature in a range of 20— 60 “C and the modulation
frequency ranging from 2 kHz to 8 kHz, respectively. The experimental data basically accord with the
theoretical calculations. When the operating temperature of the MgO:PPLN crystal is controlled at 60 °C and
the modulation frequency of the etalon is 8 kHz, the intensity noise of the signal and the idler laser are reduced
by 11 dB and 8 dB, respectively. The optimized infrared laser can provide a high-quality laser source for

subsequent quantum optics research.

Keywords: singly resonant optical parametric oscillator, mode-hop-free, continuously wavelength tuning

infrared laser, intensity noise
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