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ASCHIH B HIF 671 nm/1.34 pm XKLL
RO g iz kT IR A B R S BR B (period-
ically poled KTiOPOy, PPKTP) & 4 ) - B b 45
Ky 1 37 6 7 Z Bk 7 4% (degenerate optical para-
metric oscillator, DOPO), #T  # 4B 1.34 pum
A EH A6 LI f) 25, A AR 200
%+ (mode cleaners, MC) B {4z UG M A R IR
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Jis )
EH T~ 7 AR R A R ' P 00 &1 M 75 2 vy T R
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R 48 75 5637 B Bk 2 O 2 R R G 5 b
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Wi i, N ) e 4 A D 3 ) g R AR TT R OR
3 [26]
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Thom = 0.992; DOPO & ] 4ih iz Ty 2 Fl [ H V) %
P, Py, 225129 95 mW #1450 mW; DOPO i i i K
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Fig. 1. Measured noise power spectra of squeezed light
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HOUBL1.34 um B E R0 R SE
FEWE 2 fros. WOEICIEY B AT O I 4 2
Tha | IR P 42 5 671 nm/1.34 um XU B
Jeog P e K Th 3R 35 N 1.5 W (671 nm) A1
1.3 W (1.34 pum), Th#RE IR T £0.6% (4 h).
WOt 4% a9 X0 K O 28 5 X 8 (dichroic
beam splitter, DBS) J&, 1.34 pm ¥ 44 4,
671 nm WOLAETE S, 1.34 pm BOLE I K &
K% 15 4% (beam splitter, BS) 73 3R, K4
1.34 um BOGEA B EEAT B -1 2 T
(Fabry-Perot interferometer, FPI) A T i ¥ ##t
AP, 671 nmBPOLH 1.34 pm 55
TEANMC H T FEARBOG AN 5, MC 2109 TE i
1) =B SRS . MC1 T FIK 1.34 pm BOGH
BN MC2 T F#AIK 671 nm BOGHIETINE: .
S8 H2R FH Pound-Drever-Hall (PDH) F28H A
MC1 A MC2 ) fl KB £ 1N O I LIR30 %
b HLOG I il 2% (electro-optic modulator, EOM)
NBOEINEEA SE S, FF MC1AMMC2 fE K
FIBEE RSt 6 M B 48 (optical isolator, OI) H
T ' S o R T R A% B O B st RO
#, DURFFHOC S RS E iz ¥, 4d MC1 %
IR A AP MR 75 1R 1,34 pm O 70 B R, — AR A
DOPO JI# 112 2% 5t 4 B i % DOPO Jiz i 24
VLR St o, o5 — AR N P AR R ST
LO Y. £t MC2 FFIRAIAME 7 1 671 nm FOLAE
N DOPO JEE s e

PD \gwp oI

DOPO Ji #& B 12 4 42 UT FiE (1) PPKTP & 4
AT 2242 25 mm (¥ [ 1] 45 20 % 11 2 HE e 5
I B 5 0% . PPKTP SR R~ 1 mm x
2 mm x 10 mm, & E— > D0 oA 2R 4R
N 12 mm N, 2R HEE S 2 6 RIS 6 1 = b
(R1.34 ym > 99.9%, Rer1 nm > 99.9%), ZH% 6
ULi RS A 3N DOPO Ji; PPKTP AR 1) 57—
T4 2 2 G FIE G KRR (Ry 34 ym < 0.1%,
Re71 nm < 0.2%). PPKTP g4 il & 75 5 4 R
LF PSR AR rR T8I s AR YA T R R A
SR AR P ) R A FE R L TMITE 854 8 DOPO
i TR A N i A, T T B 2 25 ' RN i3z ' 1) 356
G R (Th .34 ym = 13%, Rer1 am < 20%), H1
T 4% 2 2% S FIE 6 OB (Ry 34 ym < 0.1%,
Re71 nm < 0.2%). HR4E 92 %7] 15 3 DOPO i
[N EBRFELI N 0.37%, IR ZCR N 97.2%. DOPO
JIes Ve i 48 45 ] 5 A S LM RS (piezoelectric ce-
ramic transducer, PZT) L, it /i fil it & S
3 PZT2 K521 DOPO K= K.

SEEH DOPO b T XL IRAIRES, T Hob e
f P9 3R IR, s e A8 B N RO O AR 2 E
A 1.34 um 2560, s RO
JEHES) PZT1 KK 42 1 2 % 06 5 Hhiz S B AR X
FAAL, HXTHEAL )9 0 i DOPO A8 i — AN 3 2% 2
UK AR (degenerate optical parametric amplifier,
DOPA). DOPA )4 St 25 1k B £, DOPO
MR HIE 7 T RAAERES. BRI EBEE W
W, ARG R 3 A PR 2 A X b B s s
ot 1 45731 DOPO B {5 5 1 e, R A PDH

HWP PBS PZT1

Pump light n

5] —
( PPKTP
| e—

/ gmp

ST VS
q y MC2 & ( D2

g\ e — BS
FPI | o L HWE Ol nr PD1
% N ” |:|IJ /
Homodyne
PD 0 PSWP PBS detect)ér

K2 WHRIE S 1.34 um ARG 5003 E

Fig. 2. Experimental setup for generation of audio-band frequencies squeezed states at 1.34 ym.
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FARBE DOPO IE I fE K. 4 DOPO s ¥ T
ECL RIS, $ i R R v ] Y. R P E
AR 22 G2 2 DOPO fis i T s #37 1) 168 75 T
OB R B3 F1 LO Y6 4E 50/50 BS L%
G, EATTH AR AR A7 8 [ 5 75~ T B 10 e L PR
PZT3 k%], 23t 50/50 BS I 3643 il A
PRI R P 1 2 AR 38 (PD1 A1 PD2), Wik
HLUILAE 5 & 1 0802 2% I 13 A BTS2 AT A (spectrum
analyzer, SA). R & 9 5 6] %A B AR M 75 5y
B S PRI A% (FLAEHN | LA 67 dBQ15—50 kHz, #
#8200 KV/A). Yt H —#% % B Fermionics Opto-
Technology A & £ 7=, 445 Y FD500, 7E 1342 nm
BB BTN 90%.

4 EBRER G

FEE B R 48 735 6 1 £ i A8 v OO
fonE PR PR R G R, BARE S IRA A I
ARG Z B HE E A FE R, H LO Ja A
e P E B2 TR A A5 63 i B AR I I AR R A 2
BAL. PRUESEIE T E e T 1.34 pm LOYE& I
MO Job i J5 1) W 7 o P DA Bt J 800 i 3ok 7 11 5
M, 45 AP 3 s, B3 (a) HRIEIZE (1) A T2
I 75 (electronic noise level, ENL), RBI-F-fif & 414K
I 25356 6 AT N B AL i 2R (i) (iv)
o 32 LO YT 3 M 4, 60 F1570 wW B BT 4T . f
SNL. SNL H #4F 1 7% e 45 25 't 3 i\ i I ~F- i
TR R A BRI 280 B AR AR 2. A
R LU, HLOThE A4, 601570 pW i, 7£
Sy BT Al 2100 kHz {8l 9, SNL 4373 Lt ENL 5
10, 20 A130 dB. SEEHEEH LO Dh% A 60 uW, 1t
S FHL - 2% I 7 (1 ) ] R AN T, (4 k3 n
LO 6T 2, ARSI S 2 50 5 A B 3 7 R 4 7
FRIAERIN. LO 6 AR 9 52 M 75 £E 73 A A% 1.0 MHz &b
IE I SNL BT, 75 43 #1451 O kHz 5t 4+ 5 SEAIG A,
LO J& (841 e 75 7 T SNL. LO e NP4 41
PRI 25 A Uk J5 78 75 1 4 SNL 52 FL A 41 53k i Mg 75 LA
BV AR 28 LA L R A &3 (b) H
Lk (i)— (iii) 202 ENL, LO %K 60 wW i ft
XN SNL FHSRFEME . 7] LLE H, 7E 0 HT A2
1—100 kHz i [ A LO Jt 1) 58 5 ¥ 7 15 T SNL £y
20—40 dB. & BRI 2§ ) SLAS ] L 67 dB,
LO J628 1 P16 22 H0-4 00 25 A ok J 1) 1k 75 Ty %] DA

124 SNL. [A] s 2R FHAH [F) Zh 2R (1) 1 63 X 00 25 1)
SNL AT #E, W%k SNL E A

—— ENL
— SNL(PLO =4 l,lw)

Noise power/dBm
L
o
<

110L — SNL(Pio = 60 iW)
| —— SNL(Ppo = 570 pW)
—120 ! !

0.1 1 10 100

Frequency/kHz

(b)
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|
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Fig. 3. Noise characteristics of LO light at 1.34 um.

DOPO K [ 18 #ih iz D) #9450 mW. 24 4% ffil]
PPKTP it f& T/EIR B 53 °C. iz I E A
95 mW. ZH%HIHE N5 mW i, Sl DOPO Jiz
(2 g 25 9 3 4%, 24 DOPOK T RMEiE#. LO
FeTE K60 uW i, DOPO i fa e it 1 L 53
TESX HTATZE 8—100 kHz [ M 75 T 23 P 4 s,
FESERS IS, T BT A I DOPO % Hi i
FERE BT ATEE 8—100 kHz Y 4> A 8—10 kHz,
10—30 kHz, 30—50 kHz, 50—100 kHz PY4M# B i
B (FFT) & O, = A FFT & LR A0 5 55
BT Aoy J 2570 56 (RBW) RIRLAT A 95 (VBW) 43 1)
N 510 12 Hz. VYA FET % K% 5 RBW Al
VBW 4351 2.4 kHz 168 Hz. B4 HI#hZE (i) M
JE 46 250t 37 1A e 7 R AR S b 28 (i) 9 SNIL, Hh 2k
(iii) M S R 4 e e R AR . N AT DU Y, 7E 9
PrAiZE 8100 kHz o, S50 3K1F 7 R 40 B2 KT
3 dB 1.34 pm BTG NY. Ll R 58
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WA HHETE—EHIZE R, T AR SR S i R 4
AP E B TG B 252 F 2 R AR Bl 0 3
%, WS R S

15 (a) R 5 (b) R4 HF B 45 514 8 KHz Al
36 KHz b 30 % I 4 45 6 b 1 e 7 T 3 i o

(iii)

Normalized noise power/dB

100

Frequency/kHz

B4 1.34 pm A EHAS B RAKE. ik
AR ICIH R DAk, 2R i SNL, LK iii 4 R E45
I 75 T e

Fig. 4. Normalized noise power spectra of squeezed
light at 1.34 pm. Curve i is squeezed noise, curve ii is

SNL, curve iii is anti-squeezed noise.
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Abstract

Continuous variable (CV) audio-band frequency squeezed states at the fiber telecommunication wavelength is an
important quantum resource for the practical applications based on optical fiber. As is well known, the optical power
attenuation and phase diffusion effect of light at 1.3 pm in standard telecommunication fibres are low and small, respec-
tively. The audio-band frequency squeezed light at 1.34 um can be utilized to realize quantum precision measurement,
such as quantum-enhanced sensing in the low-frequency range, laser interferometer for gravitational wave detection. In
this paper, CV audio-band frequency vacuum squeezed states at 1.3 pm are experimentally generated by using a type-I
degenerate optical parametric oscillator (DOPO) below the threshold. A home-made continuous-wave single-frequency
dual-wavelength (671 nm and 1.34 pm) Nd:YVO,4/LBO laser is used as a pump source for DOPO based on a type-I
quasi-phase-matched periodically poled KTiOPO4 (PPKTP) crystal. Mode cleaners with a finesse of 400 and linewidth
of 0.75 MHz are used to filter the noise of lasers at 671 nm and 1.34 um, respectively. The intensity noises of the two
lasers reach a shot noise level for analysis frequencies higher than 1.0 MHz and their phase noises reach shot noise level
for analysis frequencies higher than 1.3 MHz, respectively. The low noise single-frequency 671 nm laser is utilized as a
pump of the DOPO. The threshold power of the DOPO is 450 mW. In order to detect the audio-band frequency vacuum
squeezed states, the power of local oscillator of a homodyne detector system is optimized to 60 pW. Furthermore, the
effect of common mode rejection ratio (CMRR) of detectors is discussed in detecting the audio-band frequency vacuum
squeezed states. Improvement of CMRR of detectors is a good way to detect the audio-band frequency vacuum squeezed
states effectively. When the phase matching temperature of PPKTP crystal is controlled at 53 °C by using a home-made
temperature controller and the pump power is 95 mW, the vacuum squeezed states are generated at analysis frequency
ranging from 8-100 kHz. A maximum measured squeeze of 5.0 dB is obtained at analysis frequency of 36 kHz. A 3.0 dB
squeezed light is obtained at an audio-band frequency of 8 kHz.

Keywords: quantum optics, audio-band frequencies squeezed light, degenerate optical parametric

oscillator, fiber telecommunication wavelength of 1.34 um

PACS: 42.50.-p DOI: 10.7498/aps.67.20180301
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