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Abstract The 426 nm blue light frequency doubling output based on the pumping light corresponding to D2 line of
cesium atom is realized by the semi-monolithic resonant cavity embedded with a periodically poled potassium titanyl
phosphate (PPKTP) crystal. Relatively loose focusing is adopted in experiment, which obviously improves the
thermal effect induced by the absorption of fundamental frequency light and frequency doubling light. Frequency
doubling blue light with the power of 117.2 mW is obtained based on the mode-matched fundamental frequency light
with the power of 305 mW, and the highest optical-optical conversion efficiency in the frequency doubling process is
up to 42% . The power fluctuation of blue light with the power of 84.5 mW is 0.48% in about an hour. Results
show that the proposed method can realize the stable output of frequency doubling light, and has wide application
prospects in the field of quantum optics and the interaction between light and matter.
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Fig. 1 Variation in normalized transmission signal power with (avity length) change of frequency doubling cavity

3 SLERAEHE
ST B 2 R . 3 S R A MO B PR A ) 852 nm 4T AN AE A IE O 32 3 i B
2 AR A S mmﬁﬁfceﬂ:,,l S T 12 L 5 UG 3 S U A 3 A o

4 HR
| — ‘5‘
PMOF ) Y ° SHG
PBS &

- I;/Z M2 L1 % i M1
A 2 LN R
A HE. LY i
- i ¥V opu H | PPKTP
[IJ ‘y_ _________________
""' b" 50 kHz

g mmmmmmmm T 4
A amplifier
A -
: saphire lasef =~ “======-= Servo )___‘_ I .
LPF

1SO: isolator; PMOF: polarization-maintaining optical fiber; HR: high reflectivity mirror; A/2: half-wave plate;

I-U
)

e e o e

’
,

PBS: polarization beam splitter; L1; lens; DM: dichroic mirror; HV: high voltage amplifier; LPF; low-pass filter;
PD: photodetector; SHG: second harmonic generator; PZT: piezoelectric ceramic transducer
K2 semk ER R
Fig. 2 Schematic of experimental setup

Seut i T2KPCEC PPKTP SR RSN 1 mm X 2 mm X 10 mm, b (485 88 8 A — i b S 1T L 55 — 3 My
BRI A TR BRI #2420 60 mm., SFIHEXT 852 nm FEMOE M 426 nm A5 619 35 19 B, BR 18 5% XF 852 nm
PO 426 nm FEFUE R A, M1 g ARES B, 5 S A AL E B, M1 #9 il €242 0 20 mm, X
FEROCH B RN 1000, P S ERZE IR 6 mm,  H &892 E00] F0 A5 500 A IR AR I B A7 T AR
Rt Ab  BEBEE AR 51 o S ASHCEE F ) 09 w850 B2 5 A v o el (S04 ) RG4S RS JEE
mK B4, FEFOLTE R AR 7 A A OCTE I MUY E 2 A7 A% 4% , 1] AL 1 09 06 28 A R R B 5 IR
PR f R T 55 AR B BN 2 ML S S 25 OGP D@ SR B 426 nm @95 HOL .

0414002-3



4 SR 50HE

T 5EAE PPKTP @ A5 B0 SR 28 3ok B 77 Az 04 45 931 5 Ty 2 B T B 1 28 Ak ity £k, 00 5 3o R o 6 000
RN 118 mW, A N R AR B 42 N 51 pm, S5 R WA 3 FF s, 7] LIS 2 SR L3R By =
0.55% W e fEICEREE N 47.7 CREWIEL N 1 °C, BWIETRIEWT TL/UAT +T3), T, Rifk
AR DG 14 5B 5 9, AT SR At e A G e 72 P 2l ) . MR IR /N T 0.035 “C I 7506 T g
FEAEIRAE Y 99.5 %6 LA, S8 iR IR I R GG AT UGS 8] mK B9, RS I 2 LI/ 2. sk,
M BT — S U W 3R TR Ry 5 A I ) A A 5 R S I ) 5 O 22 ] AR T AR A 2 B R R R A AR
LA GIR

[os]
=]
T

D
(=]
T

[ ]
[}

Frequency doubling light

power /(10-6 W)

Do b

S S
T T

°

°®
°

°

(0 dooesseeees® ) ) ) Ccogessesceccsd
44.0 45.0 46.0 47.0 48.0 49.0 50.0
Temperature /C

P 3 BLHE XK % PPKTP b 4 I % 551 't T 4 Bl 1L B2 19 722 1

Fig. 3 Variation in frequency doubling light power with temperature when fundamental frequency

light passes through PPKTP crystal for two times
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5 4 e

EIS RIS FRFSE T N B PPKTP @i iy B S5 00 19 852 nm AWML RE . 22 98 41 Jls s 82 B 3
20 51 pm B XFR T 305 mW B SEAFOG AT DL 3RS 117.2 mW (A5 O, X e -6 b &%y 38.3 %, 24
ST RN 172 m'W B S5 i 5 AR ROR IR B 42 %0 6 WR IS0 & i FAA00 B I ole 38 . P B B s A5 R AR 1

0414002-5



ot % % i1

LNERBFEN N 0.626.84.5 mW HDOLAEL 1 h WHIZIAREAR N 0.48 %0, JF HE5H B2  HUMAR S P &g, T S 31
B 'G FR A i 1 m] P T 7 A R IO A e i D 2 B T 4 L A S SOE Y A R O R DG S W R
AR A AU T e B IO 5

[1]
(2]

(3]

[4]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

& £ x W
Polzik E S, Carri J, Kimble H J. Spectroscopy with squeezed light[J]. Phys Rev Lett, 1992, 68(20): 3020-3023.
Hesselink L, Orlov S S, Liu A, et al. Photorefractive materials for nonvolatile volume holographic data storage[]J].
Science, 1998, 282(5391): 1089-1094.
Ditlbacher H, Lamprecht B, Leitner A, et al. Spectrally coded optical data storage by metal nanoparticles[J]. Opt
Lett, 2000, 25(8): 563-565.
Suzuki S, Yonezawa H, Kannari F, et al. 7 dB quadrature squeezing at 860 nm with periodically poled KTiOPO, [J].
Appl Phys Lett, 2006, 89(6): 061116.
Alnis J, Gustafsson U, Somesfalean G, et al. Sum-frequency generation with a blue diode laser for mercury spectroscopy at
254 nm[J]. Appl Phys Lett, 2000, 76(10): 1234-1236.
Neergaard-Nielsen ] S, Nielsen B M, Hettich C, et a/. Generation of a superposition of odd photon number states for
quantum information networks[J]. Phys Rev Lett, 2006, 97(8): 083604.
Li Zhixiu, Yang Wenhai, Wang Yajun, et al. Optimal design of single-frequency laser system for 795 nm squeezed light
source[J]. Chinese J Lasers, 2015, 42(9): 0902002.
FER, B, TR, F. T 795 nm FRAOCIR A ROBHOE RGBT T EE0OE, 2015, 42(9):
0902002.
Zhang T C, Goh K W, Chou C W, et al/. Quantum teleportation of light beams[J]. Phys Rev A, 2003, 67(3):
033802.
Hald J, Sgrensen J L, Schori C, et al. Spin squeezed atoms: A macroscopic entangled ensemble created by light[J].
Phys Rev Lett, 1999, 83(7): 1319-1322.
Zhao Yang, Li Ye, Peng Yu, et al. Stable second harmonic generation 461 nm blue radiation by PPKTP crystal[J].
Acta Optica Sinica, 2009, 29(9): 2473-2478.
O, A M 2, S5 MBI AL KTP Sk @ 8o R 13 38 € 461 nm B0O6G [T, J6% %3, 2009, 29(9):
2473-2478.
Eberle T, Steinlechner S, Bauchrowitz J, et al. Quantum enhancement of the zero-area Sagnac interferometer topology
for gravitational wave detection[]J]. Phys Rev Lett, 2010, 104(25): 251102.
Appel J, Figueroa E, Korystov D, et al. Quantum memory for squeezed light[J]. Phys Rev Lett, 2008, 100(9):
093602.
Burks S, Ortalo J, Chiummo A, et al. Vacuum squeezed light for atomic memories at the D2 cesium line[J]. Opt
Express, 2009, 17(5): 3777-3781.
LiY, Zhou Z Y, Ding D S, et al. Low-power-pumped high-efficiency frequency doubling at 397.5 nm in a ring cavity[J].
Chin Opt Lett, 2014, 12(11): 111901.
Polzik E S, Kimble H J. Frequency doubling with KNbO; in an external cavity[J]. Opt Lett, 1991, 16(18): 1400-
1402.
Goudarzi F T, Riis E. Efficient cw high-power frequency doubling in periodically poled KTP[J]. Opt Commun, 2003,
227(4-6): 389-403.
Pizzocaro M, Calonico D, Pastor P C, et al. Efficient frequency doubling at 399 nm[J]. Appl Opt, 2014, 53(16):
3388-3392.
Tian J F, Yang C, Xue J, et al. High-efficiency blue light generation at 426 nm in low pump regime[J]. J Opt, 2016,
18(5): 055506.
Deng X, Zhang J, Zhang Y C, et al. Generation of blue light at 426 nm by frequency doubling with a monolithic
periodically poled KTiOPO, [J]. Opt Express, 2013, 21(22): 25907-25911.
Juwiler I, Arie A. Efficient frequency doubling by a phase-compensated crystal in a semimonolithic cavity[J]. Appl
Opt, 2003, 42(36): 7163-7169.
Klappauf B G, Bidel Y, Wilkowski D, et al. Detailed study of an efficient blue laser source by second-harmonic

generation in a semi-monolithic cavity for the cooling of strontium atoms[J]. Appl Opt, 2004, 43(12): 2510-2527.

0414002-6



ot % % i1

[22]

(23]

[24]

Ast S, Nia R M, Schonbeck A, et al. High efficiency frequency doubling of continuous-wave laser light[J]. Opt Lett,
2011, 36(17): 3467-3469.

Wen Xin, Han Yashuai, He Jun, et al. Generation of 397.5 nm ultra-violet laser by frequency doubling in a PPKTP-
crystal semi-monolithic resonant cavity[J]. Acta Optica Sinica, 2016, 36(4): 196-202.

OB, B, T ZE, % PPKTP @R (R IRIER B 397. 5 nm B AMBOLHT th [J] . SE2 23R, 2016, 36(4):
196-202.

Targat R L, Zondy ] J, Lemonde P. 75%-efficiency blue generation from an intracavity PPKTP frequency doubler[]].
Opt Commun, 2005, 247(4-6): 471-481.

GuoSL, Ge Y L, Han Y S, et al. Investigation of optical inhomogeneity of MgO: PPLN crystals for {requency
doubling of 1560 nm laser[J]. Opt Commun, 2014, 326: 114-120.

0414002-7



