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Fig. 1. Schematic diagram of OPO structure: (a) Singly-resonant OPO; (b) doubly-resonant OPO.
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Fig. 2. Diagram of the change of OPO threshold Py with

the transmittance of signal light T .

K 2 iR 2L el s Bk OPO A
WILYR OPO MYBIE AR (Ll 26, g E 2 &8,
PR AR B D35 SR R (I i SR s 1 T
SLAR A 15 1 Ty R A LR AR 13 AR L.
fhn, Y GBS R R T 0.17 5, BRIk
OPO 19 [ {E 22 il D) %35 8] W & 9%, 1 WAk 4R
OPO Wy H{E AW L ZAUA L+ mW, I HEEE(E
SIE SRR, WALk OPO M B{EAS b A S
KiEE. Hitt, 59d4E OPO AL, ZEH R ¢
ANV, BEER OPO 1Y BI{EZR i T %
BUMRZ, RVEFERIEOERE R/, BE A FSCbrn .

2.3 [EHEHwE

PRk, AR (1) HE PR OPO X Y
FEZEH e, T OPO ol F iz HAR % B, &
TFAASCHE IR, P R (), TSR 2R T,
W H I K F Pa/ P i 80% B, 3R 455 = 4
Bt T B E TR f=5 MHz,
JEFIFE n=0.94 1T B R4 45 9 . OPO {7564k
B 4G B RIS 5GBS R TR O R (A 3).

3 rp Sk n, | W AL o fh 4 9ok R a7t
Pt . OPO {55 R TE | R4 B Bl 5 5 LB 5 R T,
HAR . g55 1 2 FE 3 WTLIE H, XF OPO
JE A AN SR AR KA R 47 58, 75 B OPO
iy R AR A B SV E B S5, SO kiR

234204-3


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 2 3R Acta Phys. Sin. Vol. 69, No. 23 (2020) 234204
Squeezing bandwidth .
—A— The linewidth of the OPO ~®— Squeezing degree

200 - -7
2
8 150 -8 3
(9]
<
oy 3
o ¥
z 100 i
9} [}
— O
&) =}
o
-10 #

50
1-11

0 0.1 0.2 0.3

[l 3

0

0.3

. .
0.1 0.2
Signal light transmittance Ty

JE4 98 . OPO 15 5L 58 . M4 FE W T 22 1L 14

Fig. 3. Diagram of squeezing bandwidth, signal light linewidth of OPO and squeezing degree changing with T .
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Abstract

The field of squeezed state is an important quantum resource in the study of quantum optics. In the
application of quantum information, the spectrum bandwidth of the squeezed light field is an important index
to limit the information transmission capacity. Currently, the optical parametric oscillator (OPO) is one of the
most efficient ways to generate high squeezed non-classical optical fields. In this paper, the degenerate singly-
resonant and doubly-resonant OPO structures are introduced. Both OPOs are composed of concave mirrors and
periodically poled potassium titanyl phosphate crystals (PPKTP). The length of PPKTP crystal is 10 mm. The
curvature radius of the curved surface is 12 mm, and it has high reflectivity at 1550 nm and 775 nm. The plane
surface is coated with anti-reflection coating. The air gap length is 21 mm. The concave mirror is an output
coupling mirror, and its radius of curvature is 25 mm. In the singly-resonant OPO, only the signal light
resonates in the cavity, and the pump light passes through the nonlinear crystal twice and then outputs out of
the cavity. The reflectivity of OPO output coupling mirror to the wavelength of 1550 nm is 88%. The linewidth
of the corresponding fundamental frequency wave is 77.4 MHz. For doubly-resonant OPO, both the signal light
and the pump light resonate simultaneously in the cavity. The reflectivity of OPO output coupling mirror to
1550 nm and 775 nm is 85% and 97.5%, respectively. The linewidth of the corresponding fundamental frequency
wave and harmonic is 97.1 MHz and 15.6 MHz, respectively. Then the threshold of OPO is calculated. The
threshold pump power of OPO increases with signal light transmittance increasing, but the threshold value of
doubly-resonant OPO is obviously smaller than that of singly-resonant OPO. After that, the variation of the
squeezing bandwidth of the squeezed light field generated by OPO with the transmittance of the signal is
analyzed. Finally, we complete the design of quantum squeezer with low threshold (18 mW), broadband
(84.2 MHz) and high stability (the standard deviation of locking baseline is 0.32 MHz) experimentally. The
results show that compared with the singly-resonant optical parametric oscillator, the doubly-resonant cavity
has the characteristics of low threshold and high stability, which is more suitable for the preparation and
practical application of broadband squeezed light field.

Keywords: squeezed light field, optical parametric oscillator, pump threshold, squeezing bandwidth
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