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Abstract
We introduce a fiber optical parametric oscillator with pump oscillator cavity length tuning and
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study the wavelength tuning characteristics of the output of the fiber optical parametric oscillator
when the cavity length of the pump oscillator is changed. After amplification and frequency selec-
tion, the pump oscillator provides pump beam for the fiber optical parametric oscillator. When the
frequency ratio is 10 and the center wavelength of the pump oscillator is 1030 nm, the cavity length
of the pump oscillator changes by 0.8 mm, which is equivalent to a change of 8 mm in the cavity
length of the fiber optical parametric oscillator. Under the effect of dispersion filtering, the wave-
length of the fiber optical parametric oscillator can be tuned in the range of 748.3~754.9 mm. When
changing the center wavelength of the pump oscillator within the range of 1030~1040 nm, using the
above method, the output wavelength of the fiber optical parametric oscillator can be tuned within
the range of 748.3~789.2 nm. This method can achieve wavelength tuning of fiber optical paramet-
ric oscillators by simply changing the cavity length of the pump oscillator. Compared with the tradi-
tional scheme of changing the cavity length of fiber optical parametric oscillators, the cavity length
change of pump oscillators is only one of the original frequency selection ratios, which is expected to
be used in fast tuning fiber optical parametric oscillators.
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1. 5|8

AHT S W HE 50 40 7 2 B (coherent anti-Stokes Raman scattering, CARS) % £ A A& — FI T TR 5
ML ZNRRE R AR 06 B TTIE[ 1], B AARR AT NSRBI A A LR Basfg, JHR it 2 E B
[2] [3]c ZHARKHFE RS Jetifi/ NGRS, EA R SUERE 7z MH[4] [5]. CARS & 1)
SR AT P SRR kRO, RIS E s T, X HORTERT AR R R e HE A
e R SR BRI, SO P A R BE S 6], BT, B AT SEEURE A AR T
FAFEE AL . BT, CARS BB HFHOGIR 3 235 & B0 R 5 A A0 23 B0 T [ R ok
S5 Bk # (optical parametric oscillator, OPO) [7]. /& [E & OPO RE W4t M 242 20 4 5
AT B, H TR BT AR 0 A PR, RO KR RS . thAh, BEHABOG SRR R, E
BARE ., FlE AR, JFTRE YD (8], XL IR T CARS BUREIARAE G F 1 F] LLAME R H
TEHRAE R AR AU HE . TR, DLBERM L e R OGRS B HOL s, 454
BB o TR CARRER T ToF 0 HE[9) SR H, I& T BN o3 A o RE 2 75 6 7 fh i 6 2F (photonic
crystal fiber, PCF)/, F&-T PU3 VR HHi(four-wave mixing, FWM) [10]-[12]f) & & i Kb RS T B & 3
J&, N CARS AR EAR B R IR T8 77 17 .

2012 4, HREEKAA Baumgartl M S8 1313538 1 —FhEE T I FWM 406 2F B0 IR . 1206UA H
PG BOGEE A 1030 nm FIZEHDE, JFHE G AOGLF ST MR, 77 785 nm HI{E 506, X
PR a] 4RI 28 E 3050 ecm ™! AT AR C-H #RARIRSIILIRE 5. 2016 F, BHHH KM
Brinkmann M Z5[14]$2H T —Fi L4 S B IR ¥ 2% (fiber optical parametric oscillator, FOPO). 1% FOPO HiZg
TG AR PO 1030 nm WAk, @B ORI I T iR e, BT VYRR RN
R ET R R BB IR 2, a3 B R 1) ' 21 AR F A% 6 M (fiber Bragg grating, FBG)H Z= iR ik % i 11
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HE IR kHz, EATESCSERENKE T, SCB7E 8 ps WG 56K 1130~1310 nm &
FEL Y AT S . 2018 4, BB TR 22 B SCEE (1552 tH IR Se Bl 7 —Fh LAEAE 1 MHz IR B A%
AL S BIRG 4. 2B OO TR S BN, B8RS N BB, BT
T1i% OPO 7E 1. 2. 3 MHz HEEMZ T AL, S5 RES4, FNARE T 2830~2980 cm™ Ji [
M ZBE CARS Y61, I0IF 1% 75 SAE CARS kil )l 474 . 2022 4F, AR50 K% Shun Takahashi 4
[TOJHRH T —Fh e TR K AT A S B IR G 4 o i R A AT I B = ik e A A iR B2 L 4-
£ 65 RGUANNT I M ZE R R i P DG I 2 R G S A6 28 (R DY R AR S, S T FOPO fE{R
R AR AR G DL i S 5 6K TE 832~922 nm Y il 4 11

AR T — T T DU R VR AN (0 BB e AR B R AR v OB A 2 B R 4% . 5 W T Rt
K79 1030 nm B, B BORGESEAR, 45567 A MS BIRG 28451, Sl 10 I 15 220
e s B s R AT SIS 5 6 K AE 748.3~754.9 nm BRI . SESHKASEIRG S FHELE S
IR A B KA L, R ERK T B G EIES 7y 2 — . X — AT AU LTS
BEIRG #8 (E IR FF R O K R T BRI, R EE R T KRG M ERAEEREE S HYE, VR E A
PR IIT R AR T H B AR B AT
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Figure 1. Experimental setup. (a) Pump oscillator; (b) Yb-doped fiber amplifiers and AOM; (c)
Master Oscillator-Power Amplifier; (d) Fiber Optical Parametric Oscillator

B 1 £BEE. () RBRESR; O0) BEAABKFMELFHIZE; (o) ERAIERK
] (d) AKASERRHR

SEIRAEE A 1 R, EEAREMIED . PO SRR EIRG RO RAL 4 5 &
PR e VU o ZRTHIRG S g R e e, SR 2 SR T A S s sSEBRAASE . R TR 3% o O 2R3 'E,
HH 2 SARO6 S LD f, ) WDMI i st N, 2828 Joimfan 5 i 34 25 /v i YSF1 (PM-YSF-HI-HP,
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Nufern), HIT-9R% 2 LML H AR a5, B DUMX R 20 em (1 5B IR 4548 ' 25 R aT s BT fik
. YSF1 fitH a4 1:9 o sLLIGRE& 2820 06, 10%H T I IBIBORAS . WS R, 90%4k
SRAE i Y AR5 o 75 S ARSI D62 COL-2 a6 s D4, HEN BP0 i TSP em L 212650 1250,
7E 1000~1100 nm v [ P BIHT $ RCR 35K T 90%) Al s 56 8% 20 B 4 mT 1 I e 24 B ok 2% o ik R 2= 3k 1 A
et f BE AT R R, e R KT, AT M S SO B IR AR, AT SEIUR TR % A
HBOL I ACLE 1030~1040 nm G N IFIE . R #1055 —m B WDMIL [1)ig& il COL-1 #EE )R, &
FEEEN 30 mm [REEFOE IS ZE SESAM.

TR AU 4 Y 1030 nm ZEHERE N TR RN 1 AT ER i3k 47 Th 26 1) 1) 25 TSR R B8 53 AT 2R ik
o RSRBOLE LD2 RUFEOE, it WDM2 23 1.2 m a0 YSF2, APEBEMETIRMN 2 mW
FOKZE 120 mW. I8 K H Gooch & Housego A Al A2 G415 & 71 AOM (acousto-optic modula-
tor), FITTERS/MSEIUARZR LS, SORFMCHIE ZINE . 755G 245 TSR A8 2 0], 75 G il # An
HEFERAB I, BB T AN TAERK A 1030 nm FCLFRIEE 2%, (FAZRIEGEER, #84EHR
S bR RGN E T

28 R TR A AU 1 S HE N E IR DR OB UE— S8R Th 2 . AN s Th 3 S0k
A RO, WA AR ARSI 0.9 m KE PR IR R BG4 Yb 14/135 (DC-135/14-PM-YB,
NKT Photonics), R fSfediiid FZHDOGH H DI R m e It 2 1 W, SduE B2 D . —m s
DM1 (HR: 1030 nm; HT: 980 nm) 1] LAJE R =y Dy 28 AR BOE A H 0 976 nm 6, RS 1030 nm (2R 3H
Jeo BRI TR EM R mIRES, LA R AALUCEC 20, AR DY IR AL R o

WA B EIRG AR 08 DM2. —4R 38 cm [ PCF. — /M & 3% — AN Al JH e 5 B
1102 m (B LF . ARSI KA NKT Photonics A &) 427 185y LMA-PM-5 [ PCF, iZ6F iAot
LS AR EECH R, BHAEN S um, FEARBESE SUESILEW, FEHGEK N 1053
nm. NEBHTHEE, ST MAARCLT Wiimsfl i FC/APC Bh2k sk, MEERCRAN 60%. HiHi #4552
B A 7 BRI R, FH T3 2 R 3 1 5 RS G o rT R AE R 2 8 L OB AR A1 — ) B DM2
(HR: 800 nm; HT: 1030 nm) F TH & R B, I8 BTG S H A 2D T M A4 . Bes
F T #ME S S 4R % % 0 KA B AR 5 0 AT S i e R AR AT, PR ER 2 B H T 55
Bk A K LU BLHE S e K T

3. KBERSWIR

FE R ARG A SRS, A 2() R, RGO 4R 8% £ 1030~1040 nm #7470 il 4
(e AT TR, WIS 6 T R VS AR 0.10~0.16 nm. {3 FIAFHE A 75 9% 3% 2% 1 B = AR N 20
MHz, 8 Zh v A DR 2008 2 mW o i 1 8 S 4% 1 7K B, B AT IR 3 2 i o TR R T e
KURE R 1030 nm, HFHE TR RGKE TZIETIHIEF R 120 mW. W1 2(b)firs, A3 G A Aot
FOGEFEAT I, WA M6 HE 58 N 0.15 nm,  [F)FE FH Jka B AH S AORT JHC Jhik 9 FE R AT 00 &, 045 fik
M EEY 15.6 pso HIT- A GIRT 23 3 dB BT ASURE, TSR B0 FR2 I G20 75 O 1R ] 2% 126 400 i L D e
ZE216 mW, FEHH N 20 MHz 5% 2 MHz.

FIBORAGE P DAL AT ST et Th e = iR T 2 1 W, ORI FEE N e T iRk 45 o
BT SR . ARSI DG T S AOGLE B TEALE BRI, IR AR T SR AR 5 IE]
ARG ES, WE 2c)fn, THE T ARSI FDG T S AOGE & W R AR AT A, &R
AR T ARALUCEC 145 5 D6 AR ARG AR o K B BB K p . SE30 Y 1030 nm [HZRHDGE A BRI LK T
HEETEE] 410 mW B, BT DU 51 K 2 51 55 S B0 5 2 87 /£ (optical parametric generation,
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OPG), 1030 nm HIZEHGEA T A A 3K 750 nm HI{E 5 6AT 1642 nm BINSDE . B Z=ZH
FEW KIS, B AR S S AR AT G I K 2 A AR A . Gl 2(d) i, A3 F i 20 A A3 2 1)
1030, 1032, 1035. 1038. 1040 nm [KFIHIGEL O HI #5103 2 MHz JFCKH] 410 mW J5, UK
T e IEE OPG T4 MfE 5o, HIKE B IEH 750~790 nm, JGil e A 2.01~4.53 nm
[f], % ThE%E N 1.0~2.45 mW,
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Figure 2. Output parameters of pump oscillator and parametric oscillator under OPG

2. RiBRABRMSEIRAZRAE OPG THIMIESH

N T SRR IS SR TR MG SR eIt v, ASEIGHE I T R S EIR #H(OPO) . KA
K] 1030 nm, FEIHELIESIFBOCE] 410 mW 5RO T ARG 7 A K 750 nm K55
O, AR B R R 2 R AR R AR G A, AT 90%MIME SO MR 2> R AR, IR
10%E NGB . T S8R 4% 0 E AR E S M E E R — 2, B A A5 2T
TR K ELN 102 m. BT KAER LR I NMIBREE L, RIS 5 Mk 98 2 9 B 5 e o,
SR 8 W R T ARG K B o PRI, A 090 S itk b BE A AE IR s _E 5 NS AR SR K b S
XL GO A IS 5 kb 51N T T 8 RO ) 45 A 808 o T e AL, e o R 0 P R A e 2
YRR, TEZEIGIE KA E LT T AR BIHE St K S . RS OPG =R (5 5 i il
TERE L ERDCA KA DL B RS, BT AR H R BHE 5@ IR OGEF 5 kTR R T4 27 ps, W]
3(@) s, BERTHERE R T KT S SRR R R 1 3(b)FTas, SEIG Al B 3 ] i GE
REH 8mm, LI VA5 S H O AE 748.5~753.1 nm YEE I, i N 1.43~2.21 nm, HHIThER
N 3.1~5.6 mW. 5 OPG FHEBEHIIIMES AL, OPO R4S 15 5t HAT 58 A5 1 )6 i 58 5 AN o v
M Tha, BB TiZ RGN RER .

TR IR G A A ARON f, JRATAH A A A N, SRS R EAN IN, # S
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RBIRG & R,

LIEPREYE, ML E LR AN,

2 BRGSO MEE Ay N, R IRG e RS dL HA0R Y

N df I,
ST S BARG A I E AL R AN, S S K AR N X
dL. PMEESDGS S8R 2 Koo 2 5] i KA, BRI il iR 35 A,
FE RN 5484, ATk B4 = 2

WS EIRG 8%
ARG A A PR B 0 H B SR FR R PP G U 1 45 R AR e

ife, HHAZEBIRGE0 1030 nm FfOEER IR B E N 2 MHz, MERIEIRE 452 B8R G &0

EEIRLFER] 10:1,

Az, BESRES R G e K EE AR BN AL . R,
IS EIRG &K, BIATSEHUE SOLBAHME . i (PR, SLI6HhidEid SO =i IRk % s

BEK 0.8 mm, ST ECES ARG B K 8 mm, ST 55

Wl 3(e) R, RRTRIMIRG A IR, RIMHIRG & I EE AR 22

L R IR s R, BAE AT R LA

S 748.3~754.9 nm YU A I

P, ERETERE A 1.20~2.51 nm, IR N 3.2~5.8mW. 545 OPO [HEE VAR L, R A 7R
KA S 2 A, (EAE R A R R
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Figure 3. The variation of signal wavelength with traditional OPO cavity length and pump oscillator cavity length at
a pump light wavelength of 1030 nm
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o W 4b) TN, @
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Figure 4. Comparison of signal wavelength with traditional OPO cavity length and pump oscillator cavity length at

pump light wavelengths of 1035 nm and 1040 nm, respectively
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4. g
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R ZR, AUH IS TR A EASOR, THGES R o AR R A R S AR T 2 TR kAT
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