BFRFFHO(2): 79~83,2003
Acta Sinica Quantum Optica

XERS: 1007 - 6654(2003)02 - 0079 - 05

NHIRAEHE LA F S ERSF[EERE

%ﬁ%, ?7]‘(&4’

R

(BFH¥AS5HBTREFEXESALRE, AR LRHFRT, WHAHKR 030006)

BE: FIALEAES Nd: YVO, Bt R B IGLIREM A L LB B B b2 B IR Y4, LR Tt
¥ZBRG A N ERCKIRIEREE, #1383 PPLN &R MIR B & OPO MK, T # it i 183 76 B 2 51 K
189 nm 1 175 nm, i@ T BUZER B IR (55 MR EL K 375 MHz, LS R SEISHEHERAY S,

XA EMAILE; SUHROLC¥SERGES: AR

RESES: TN248.1 XEKARIRES: A
0 3%

EEOLFSRIRG A — BEUR TR RIEEEZ
BFIAMTRIRED2, 4k, BEE & R B ML LR
B & JE | o B 1 Ak R A R A A A W L R 2 A R
R R G0 7 T E AR B B, B B TR R
MESOLFS BIRG & € 7 L AL, X 24 &
FREESHRIOOES BREFEA AT
B AR A ED .

AR VT FE S (AR T S 4 Y B A — R BT R R £k
e SRR [R] B R DT 55 DT IEE & (A B T LA
PRt di ik B K A B3R &t R BT R R A
e, T EL7E SR BB E B XA, AR R s AR AL
D FE A9 Y6 AR AT AT I SO T B T SR AR AT L
WSEMEER, ATy R THREROEE. H
I, FIFRHER AL IS EC AT B B S ¥ S B IR G
LA — A UA B £ M T 8 B AT A
AL LI IR LL A OETR . FEAIRFI A 1.06 pm 3
R T H AR 7 U B 8 BR 2 (PPLIN) S 44 H 2 B i

KRB H: 2003-06-05

SHESBRGATEM 2 pm BOL, EMELFES
PREGHR I SRR 5 WS S U A B T2 B9 AL
AR, MER—MEEF LAEEFEENAN
3 pm~35 pm KIEOERI B BEEHES,
ASCHERATFA B Hl A2 B Nd: YVO,
BOLARH 1.06 pm BOE, R B PPLN St 21
SR ELNF S BRG 4, B4 2 pm T
ok, HE i ME R W LM EE  PPLN Sk 89 iR
PLK OPO WIERKFZSH, 4 AR T OPO T ##
SRR . LREREASHSHBEEMEYE.

1 OPO IR B 7 b
1.1 BEREE

Sof F— B Ak o A 57 DT BiC e 3¢, 48 7 2k i ik 2=
j\jm;

AkQ:kp—kS“ki—ZX (1)

He, by, ks by RIRREE AF S LA BEIEH

EEWH: EXEARFERE(No.69938010); LFAE FFAEREEMNEEZEARELTH
EEEN: RAH (1979 - ), &, \WFEA, WP R B R AT LA B 7 1 BOE R AR 5 B o



- 80 - B 7 ot ¥ % #® 9(2) 2003
WK, A RAERIAL VT AL SR MR Ak = s TR A BN MR IR, FHiA .
BLHBRES BT BRER, LM B & dw, = - Sw;, ON, = - ON, (6)

L
D AR

hv, = hy, + hy, (2)
2) AE{DCEC:
Gy D nG.T) nGLT) 1,
A A, A; AT

P

(3)

H, v (= pos.i, FRAEHE FSEHRE
IR, A, ARBE EESEMAB RS+
BB, n, (2, T) AEE 55 LHHBRER
EREPTH R X F—EWEBEK 2, MRARE
A, QRXMG) KRG T RRERE TESLME
BTG, BME 5oL R B o B 18 A4k i 7
B
1.2 BEKiBiE

XTI R E L F 2 B R %5 (DRO) % ik,
EIRFMAR T EWERERTEERR ()4, F R %
[ B A5 S LR BB SRR R 1

LLL + mo(w,, TIL] = 22N, + 4,

%[L,, + no(w,, T)L]= 22N, + 6,  (4)

Heo NG = s,i) HERERNESEMAE LM
PR, 6, = s,0) Rl FHERS TS AN
TR, IR EER L2, BHEKA (L, + L)12 , &
R IEN no, T HRKRE, RIVZBSSE
B, 7E AR AR B AR SR B E A ST,
RS ENIHREE SRR BT R B
[BIF 5K 2 AT o 7 72 (4) 153
Low, + 0L, + dw,ny(w,,T)L,

ong(w,, T)

+ w,l,
Ow,

Ow, = 2mcdN,

Lbw; + wdL, + dwing(w,;,T)L,

8"40 ( w; T)
dw;

B TR ERIEARE, I A EWEE

Ow; = 2mcoN, (5)

SR

BRIL(S)M(6) R, BATAT LAE

wpaLa + LCSCUS [ no(w; ’ T) - n0<wi ’ T)

(8no(w,,T) 5n0(wi,T))
Tl e Sw;
0 T
g no(aa(:;i ) -0 (7)

MAFBMDEMNTUAEEKSREE oL, 5T
AR YLE dw, ZIAIKIXF . FIA DRO HIXA
FetE, BEAT LGB B 2E DRO B & X T e 4750
REE,
1.3 REXFARAE

MR IEF S BARG A5 7T LOE T S R itk
PRHIREE N OPO Y e+ S 3518 B A 8 Bl 19 18138, 1)
RBRE X W 7 7 1 A T A 3 6 0k ) A9 R % 5
Y, (B R I S U T L B AT LU T
BRI EHITESE W, BT R EES Y,
A RAEBBEIE, FTLL ON, = 0, 6N, = 0, BE
TR (4) FREAER — MU ER dw, ,#TF
REESFIE  (F5 RN BE MR LIRS R A H D
BE: Sw, + Sw; = Sw, o X TIBFEIEIERIFAN
OPO, {55 L1 PR B % 1 451 3R A i Bl (DL 45, R
PETFEHEMRAEEN — . dw, ~ duw, ~
0w, /2 o [AIEF R T W R IR, OPO KB KL E
KA B 55k Flta s RiEiSE
HRNE) OPO B KR Z MM ERB X R, T H
(5)754:

w

Sw, = - :
L, + Lc[no(ws,T)+ 3n0(w,,T)]
(8)
L, + Lc[ no(w,/2,T) + wp@%@’—m]
oL, = - ” = 0w,

P

(9
PRt , 7 3% S AR TR AT 3R 4 R B, 4 B



RMEE SRR ICEOL¥ S BIRG 25 1R R - 81 -

AF OPO KK, WL AT LAZRAG T o S A 3R 1) 3% B2
o

2 ZRIEMER

TR EME 1 Frw, FATF A 2 B L85
Nd: YVO, BULEENFRIBIR , BOGEE & KM H 2
F 600 mW, R EMIMT 1% (5h), AT LLE T
TEBOLAS B B 07 B BOL A B SR R %
ZeiEE 800 MHz, FIF T —~ 40 dB SR s 254
il OPO My R R e X BOE B T4k, @A A
FEBE 435128 300 mm F1 60 mm B BEREZE I G A
X5 OPO Ky e B 48 UT B, 25 [|] 45 X UC g 2% R &
95% o FA—~ A /2 B il Z I 6 i s iR O 1, ik
ZBMEAE AT PPLN Sk RT EHAITE, S
FZRIRGE R —A VR AR S A — i
RSB A, AR A8 ML SR E MRS R
M 10% , % FREBOCE SR, M AEEHE M2 M x
2425 30 mm, M FEEECAE R, X T SO R4
#599.2% ., salkPIBELIXT 1.06 pm. 1. 8pum~
2.5 pm WBE, BIR AT R /NF 0.6%. FTAK
PPLN g R4 0.5 mm < 10 mm X 20 mm, PPLN
MR T 2KAHAICA (e —e+e), RALEAHI N
31 pm A A—MEREE N 0. 01°C IR 0 i
i PPLN SRR, LB+, BATE S A
PPLN g & 18 B . OPO A4 i K LA & 78 1/ Yt B4R
FESH PR T OPO THBILIAE Y, 55 6M
WEEHEKA—N0HER 0.4 nm K &
BOEALEF-P THE,

Nd:YVO, Ml M2 T
Laser

lens g1
OPO output

PPLN
XA /2 lens

B 1 WItHk PPLN OPO L EE

it B ¥ | PPLN &K 8938 B F1 OPO B B
K, #1556 N B ATER N B YR, OPO 1
BEFEHIIE R 130 mW, B TR H K2R
OPO KR, BB X OPO W% iR & B 1T
Ak, Br IFE LR A BF5E OPO MY T ot A%
IR

IR HIRE N171.76 C, FH#BOLREE OPO
B R AL B I B A 2 iR, HP O
TR S HHE , SER R B (7) AT B 2R e T
Lo YRR MEIH S ELMAE 0.514 pum B, TR
FERI T B 2044 nm F] 2219 nm, MEHF L
LR SIS EAY &

2240

207 T=171.76 °C P

22004 "8
2180 /./-/./
L

2160 e
2140
2120
2100

2080

Signal and idler wavelength (nm)

2060 ~ []

2040

T T T T T T T
0.0 0.1 0.2 0.3 0.4 05 06
Cavity length relative to degeneracy (um)

(ELTRALERER; LLAEILHE)
B2 OPO i HiYEB K B K I h 2%

B 3 R B AR A R B R A (S S O AR
BRI, X EERRE, SE R T E
WIRET , S8 OPO i B K A9, 248
TRAIREEH 173.6 C B8 %] 178.8 THYF 56
B A B KR T B 2038 nm F| 2227 nm, B
KA E Z B R R R, B 3 F
BISERR S A M SE TR B (3) REIRHEN T
HHOLRERE R IR LR, YR BHFEKRT OPO
AIBER B T R e, BT OPO A —E RS 5,
B M — < B L BC, OPO 38R AT IFE E i 5% .
B 3 FRELEERFHBERMEM KA T,H
WIHTE R T RROCHE R REEE. B 3 F/
SRRFRRERNERET R, ALRERATUE



- 82 - 2 F %

N 9(2) 2003

i, LR 15 B 815 S 6 F R B L BE & 18 BE 1 R I
WHEEA B TAENELTMENTERZA.

Signal and idler waveléngth(nm)

1;2 1;3 1;4 1‘115 1;6 1"77 1;8 1;9 180
Temperature (°C)
(BH% LRER;
SE £k - XoF L 5T A AR UT e A SR 30 1
RO TA— MR ESE;
R : B B B 5 )
B 3 OPO %t K Bl PPLN & {48 B 8 ih £

TESET AT 5 W MOE S IR K A ok
EESL A R BOCHE , T LB OPO F##:
TR SR . 24 5 T O 0 R o 2R 750
MHz B, 55 640 % 1 3% LR T B 49 R 7502 =
375 MHz, TEFATIE %SRS, R OPO i#% 2
AR A, OPO B AHM B 0. 286 pym. B 4
ERBEAENERS OPO KKK L& Z AIH X
Rk, LU RN LR R, L H(9)RiHE
BEREIRE, B TFRBEOCT RN & ESL R
TLEZ RO A B B % i B A BR # (800 MHz) , A
PABRT T F e e i i e T L.

S 230k
(1]

Phys Lett , 1968, 12(9): 308 - 310.
(2]
[3]

66: 133 —143.
(4]

0.5

0.4

0.3+

0.2+

0.1

Changement of cavity length (um)

0.0+

0 200 400 600 800
Changement of pump frequency(MHz)
(RO ERER: FLHERE)

B4 OPO ik K AR T ¥ 2R B A b i 2%

T
1000 1200

3 4w

FATH A2 E LI Nd: YVO, Bt R i i
PPLN iAW IR E ¥ S B iR 4, &
13 AR FE R G BI85 2R L PPLN 4k 5938 B L &% OPO
MK S8, LR HFT T PPLN OPO 73 & 3 &
RITEE R T IX =R AR AT T B AT .
% PPLN AR AL 5.2 TH,OPO T H#k
YRR T R 189 nm, B K A 1 i Bl 32 B R
JEH 58 HO BR ] s 7 — € B9 R AR IR B (171.76 T) T,
3 OPO Wy < TR I s SE 42 0. 514 pm B, T
ORI TETEE R 175 nm; YRB R ELE K
A8 750 MHz B, {5 SOUMM R E L 81 375 MHz, 3£
RERSHEBREREYE. P4 2 pm FIREEEOE
ML B E L N, FEEE W BT &M
BAE Z RN R,

SMITH R G, GEUSIC J E, LEVINSTEIN H J, et al. Continuous optical parametric oscillation in Ba,NaNbsOys[J]. Appl

RABIN H, TANG C L. Nonlinear Optics (Part B) [M]. New York: Academic Press, 1975, 1: 587.
LEE D, WONG N C. Tuning characteristics of a cw dual — cavity KTP optical parametric oscillator [J]. Appl Phys B, 1998,

MYERS L E, ECKARDT R C, FEJER M M, et al. Quasi phase — matched optical parametric oscillators in bulk periodically

poled LiNbOs[J]. J Opt Soc Am B, 1995, 12(11): 2102 - 2116.

(5]
Appl Opr, 1998, 37(36): 8341 —8347.

MIHALCE R M, BAERD S, ez al. Diode — laser absorption measurements of CO, near 2. 0 pm at elevated temperatures [J].



RWERE BRI OLIC AL ¥ S Bk 5 85 10 R - 83 -

[6] ARISHOLM G, LIPPERT E, RUSTAD G, et al. Efficient conversion from 1 to 2m by a KTP — based ring optical
parametrical oscillator [J]. Opt Letz, 2002, 27(15): 1336 — 1338.

[7] JUNDT D H. Temperature — dependent Sellmeier equation for the index of refraction, 7, , in congruent lithium niobate [J].
Opt Lett, 1997, 22(20): 1553 —1555.

[8] TAHTAMOUNI R A, BENCHEIKH K, STORZ R, et al. Long — term stable operation and absolute frequency stabilization
of a doubly resonant parametric oscillator[J]. Appl Phys B, 1998, 66: 733 —739.

(9] HENDERSON J, PADGETT M J, COLVILLE F G, et al. Doubly resonant optical parametric oscillators: tuning behaviour
and stability requirements [J]. Opt Comm , 1995, 119: 256 — 264.

Experimental Study of Tuning Characteristics of Doubly Resonant

Quasi — Phase — Matched Optical Parametric Oscillator

WU Ying —rui, LI Yong—min, ZHANG Kuan - shou

(State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of Opto — Electronics Shanxi
University, Taiyuan 030006 China)

Abstract: A doubly resonant optical parametric oscillator based on periodically poled Lithium Niobate (PPLN
OPO) was pumped by an all — solid — state single frequency Nd: YVO, laser. The tuning characteristics of the
down conversion output of OPO were experimental studied by changing the parameters such as the temperature
of crystal, cavity length and the frequency of pump laser. When the temperature of PPLN crystal and the cavity
length of OPO were changed the wavelength of OPO output can be tuned 189nm and 175nm, respectively.
When the frequency of the pump laser was changed the frequency of signal output can be tuned continuously
375MHz. The experimental results are good agreement with the theoretical predictions.
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