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I T F=EA NA:YVO, AR A B2 45 G B AL M6 2% R A S0 B B S B — I nT e i . MRk 35 44
RN A IR S A K BE R R, R RGBS 19 YVO,/NA:YVO,/YVO, fik T [ B8 A8 5. % IR Wi 46
S R IR A K U 48 p) A6 B 1, 26 I SR AR 57 DS JE B9 BaB,O,, (BBO) S A4 B AE Lk Mot 2R i k. R
T SR BBO & MR DT i Ff B A 1.4°P9 , 5t nT Al 2l 52 B 5L 45056 A0 — B 04 50 307 ' =2 18] B A5 000 5 RA , 3145 3k
B 532 nm £¢)% ., 559 nm #4588 nm #E L = AN AT YT R . 7E 19.5 W iz D E R 60 kHz A T & A5
T, EA PO R R B S B 4.37 W, 2.03 W I 3.43 W, X 1% 4132 56 ) 7T LG B9 54 B R
33k 22.4%, 10.4% 1 17.6%, XF 7 ik b 58 2 43 50 4 36 ns, 12.2 ns A1 12.7 ns. A W03 BE P AT U140 06 28 7T
TR BOCEET | WoR | G UG A T2 AU X 22 e K SO A 1 TR SR

REW: AN, NdYVO, fidk, nl I, S Il

PACS: 42.55.Ye, 42.65.Ky, 42.72.Bj, 42.55.Rz
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U/ £ R R I R AR R %) SR T B SR AE, A
T ARAT 5 1m0 1) B 4 A8 RN Hh T o IR 2
100 °C BB BE R, 430 192k R AN, 2018 4,
KATFH A Q Nd:YVO, A€ 454 BaB,O,
(BBO) fhRIEMN, R BBO &b M VT e £
TE 1.4°, SEBLT 2.05 W ) 532 nm 256, 0.81 W
Y 559 nm LG 1.73 W ) 588 nm BOEH H
FEBBCR TR 20%, 8% F 17%, iy Hi Th 3 iy itk
— R T F R Z F] Nd:YVO, A 5 #30 BR
il 24, AR SO MU S YVO,/Nd:YVO,/YVO, i
R B H S B IR T ST, IR A
RO T B P2 BN, FEH N T 2=
SHERKE. 454 BBO MM ERIE, EH &R
19.5 W 32 IR R, ¥ 532, 559 Fl 588 nm AY i
ek IR B E R 4.37, 2.03 F13.43 W. iZIk
K AT U BOCTEROE BEIT | o G g mAE )
T2 AT B 2 PP I R OGS LA
FEWH, sk TX2 G WHOERS RO 25-27.

2 FREBAHLE AR LS £ Skt

YVO, FARNH A 890 cm ! A% HA i ()
PS8 25, XER 3 25 R BCR 4.5 cm/GWIL Nd:
YVO, ik 1064 nm AYFEES G, 2834 890 cm ! 7
SRR, XN — B B e Bt I 1176 nm.
BT AT % Nd:YVO, [ i 8 8O I 4 8 A7 72 2%
1064 nm FEHOEH 1176 nm — B ETHE T2 B A9 IR

V7, NIEPEMIRSARAS 532 nm 446 559 nm P4k
JAH 588 nm BEDLRAE T AIAE. b T SLBLA T R
JEL A AR T ek R RIS, R ET XA
WA TR A 5 ZE V) e AR ALV B S BUS /N, B XA
T B 1 3 9 P TR T B IR 2 MOl A R 2
LBO F1 BBO #hfA, AHAZVEHEC Ty 2 32 2 A 45 DL
BCANAA BEVE L. 2 1 A SNLO SRR R A
[ DT BCAIL il ) 9 b it A AH S VE BE 240 BBO #i A
TEAZE B e TR ATURR (37 D O X T BE AU (%5
AR T 40 Kecm), XS A1 B2 HCATHURY, & &R
JFH £ BE 5 I SR AL VC C H R AT 7 2 e
TR LBO &b AR 1 B2 18 35 A4l SUAH 37 DL BC 75 22 04
PSR BE RO, T T BB AR, 3 T
AR I SR OZVCBC, BAT n] 38 o 18 e A Rk 4R
AR L AL, (BT AR EE S B 100 °C,
BAEXFIRAR B AP T PR, T ELAAER EE 4
LRI E TR A4 8 RE LS A TR iy X BT
1, BBO fty A HAT P15 7 | 0l 42 RN e 104
A, A BBO dhiR W B A BOR B RARZ L2
FH (2.0 pm/V), I LBO ik (0.84 pm/V) =i
—ELA L, AT R L RANE B AN R BT
S F R A BBO dniATT b IS, S —Br
G v i A5 RO IO F) Il FRARBZVCBC AR (0 = 21.5°,
o =0°)PI#E, R5FH 4 mm x 4 mm x 8 mm
BBO fiAFFJE Nd:YVO, R FEMOE 5 — 4
SEHTOGZ B A5 AR AL BBO &b R 4 P it T
PREAT X EEOE | — B A E s G ATR R R Al A
D AIG B REZR . T AT e 5 8 A
JE BRI B P EA TV A, B I AE 20 °C.

F 1 ARERESHLH LBO A1 BBO MHIfILE S5 (SHG, fi54%; SFM, FjH)

Table 1.  Phase-matching (PM) angles for frequency mixing mechanism (SHG, second harmonic generation; SFM, sum frequency

generation).

Wavelength conversion 1064 nm SHG 1064 nm & 1176 nm SFM 1176 nm SHG
Output wavelength/nm 532 559 588
LBO PM temperature/C 149 89 41

LBO PM angle
BBO PM angle

0 =90° o =11.3°
0 =22.9° o = 0°

0 =90° =19
0 =22.1° ¢ = 0°

0 =90° o =3.7°
0 =215% ¢ =0°

P 1 SR BT XU B 7 S R A S B AT DL
B =K TG B R R S TR R
12 TN S DR B R G Y
YVO,/Nd:YVO,/YVO, i+ H i & 4845, 4n

Kl 2 frs. B 2 BTEB S NSPHERE 0.3% 1 oV
Nd:YVO, ik (5128 3 mm x 3 mm x 10 mm)
A2 iy A st G —BRST 3 mm x 3 mm x
3 mm 1Y a Y12l YVO, fhillE, 787 — 5 — B
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A OG =K AT IR BOL SR R R (AO, A QT 3k RP, ieH: V-5 ; LD, HOL L)

Fig. 1. Experimental arrangement of the three visible wavelength switchable laser (AO, acousto-optic @-switcher; RP, rotating

platform; LD, laser diode).

E 2 XEH#EA YVO,/NA:YVO,/YVO, fhik i/ (5w
A AR PR R AR SE B BT FH A ] — B AR, T O B4 AR P R
J2 5 — LS4 T B ™ R Y AR )

Fig. 2. An image of the double-end diffusion-bonded YVO,/
Nd:YVO,/YVO, crystals (the top two are the same crystal
used in the experiment, the bottom one is another crystal

with defective bonding).

P 3 mm x 3 mm x 17 mm Y o V14 YVO, K
Al AT B A A5 IR A AR T AR T 5%
ey, I HE SRS 2R AE 20 °C. 10 mm
£ Nd:YVO, &b 7 W i 85 I 260 YVO, f AR
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1z 5 A S 8 X iz % 808 nm ., FEAE 1064 nm
HIHLEE 1176 nm $BERIER (AR, R < 0.2%);
75— iy 161 9% ) X 1064 F1 1176 nm 34 1% (AR), [

AF X YA A2 A9 0.53—0.59 wm 1T WLk B i I
(R > 95%) WIBEZR, B S5 5 TR A ™ A 1 ]
WO B E R, TRIEHS B T 06
PRI LG ™ A B B ISR . AR SE B, &
BUEEA b R 1) ST 6 P2 O RCR S R R K.
P2 25t T A SOz 30 e f e vy T e L i B
Al 4538 i He-Ne OGBS BB B R, Hor,
A AR PR AR S i Y TRl — e A, 2R
TRARSCRS N Y SERR 2R T 07 B Al AR P e o — B
S T AR ™ B R A, ™ R 2O

FIFYEEF (BUEALER 0.22, 58544 200 pm)
Pt 0 808 nm YK Y2 RO R HhZ A
P A, iz e gt — xRk 50 F1 80 mm ()
A B BLE B R AR AR 320 pm M. 78
F 702 fh R BBO fh A Z )0 5 6 @ HF 6
(#145 QS041-10G-GHI2, Gooch & Housego 2\ H])
AT £ Q. B hlz i A sE IM FHE A i b B
OC A B 214 10 em B9 FEBOEFI— Bt
TG L R A IR . A BT IM 3 T B A
808 nm filiz Y6 % (HT, T > 95%) H. ¥t 1.06—
1.18 um &% (HR, R > 99.9%) I 2 ; 1 i
5 OC NEEAXF 1.06—1.18 pm B (R > 99.9%)
HXF 0.53—0.59 pm A Wik Bt &5 (T > 90%) 1
(L

3 EEREHITHR

B — B T e e T Ak, RS
TRV Q Fik b 85 42 4% TR X6 IV 1) 588 nm O
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. fEfE 19.5 W IIHEZ TI% T, 60 kHz B R
AR R T, X A A5 A0 B OGRS By 3.43 W Y
SR R TR X R AR 17.6%. (DG
PR (AvaSpec, 3648-2-USB2) il 1l WLt
i B PO, AN B O LK R 587.9 nm,
LHLH 0.25 nm. #2455 BBO MR M E
PEAT, A AR AL VTR A (0) ¥R 22.1°F1 22.9°, 43
SIS — B G s R AU, L S0
TR, FRAG X R 559 nm #2486 A1 532 nm
466, 7E 19.5 W By Dy 3T, R B 46 Fifis
WERSCH TR0k 2.03 Wl 4.37 W, X
FERCR 10.4% M1 22.4%. 1 3 25 H T IR A H Y
AR BOEREL, R L I AR 532.3,
558.7 1 587.9 nm.

Intensity/arb. units
S

Green Lime Yellow
532.3 nm 558.7 nm 587.9 nm
o . ) _
J A e .
ok - , - . : -
520 540 560 580 600
Wavelength/nm

P30 Sz I i ml LI B = K OGRS FOL BE R A
Fig. 3. Measured spectrum and shooting spots of the three

visible emissions.

BEXF = AN T W K OB r 24 R DR, 7R i
YR N R GG R DI, £ BE T 1R
e S TH R SR E ok TR IR DN g iR
YIRS R ANE 4 Fios. i D i 2 2 —
B BT FE ST 6 2 5 A5 A 588 nm ¥ 5 N
559 nm B LRI RE 22 A 200 5.4 W, F400
f545 532 nm ZRCHIBIE LR 1.7 W. 406 B
FrUR, F-345% DR B A Sl DR g m, {2
— B BRI S S RS A H IR 2
IR, B8 TR LT . BEE s T
RGN, 588 nm WOIGTE 9.2 W iz TR, 3K
3 0.81 W i9Ha i, i D3I 4G ROt B
KABksh. M 11 W iz YR TP 4G, i o2
FEUp P, R R s R B TR 11 W
2 TR 2 5 HOEBEA L2 AT K, S5 A ek
HELEH T BRI R, 30T nT RE A R D SRR A AR
- REHE I H 9—11 W 22 [6] iYL 8 3l R k4

%, ARSI R AE W & F L2 ARSI Tl
Wiz 1,

4k 588 nm yellow

= ~¥- 559 nm lime

Z r —4- 532 nm green
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Fig. 4. Average output power of the three visible emissions

versus the incident pump power.

AN, FAT AT 2% 0 P ARG W LA A
FIAIR, XSS A P2 —M i s S5
LR T TG & = N s e s S by [ O E A
WOCAEAE A Ko IR 4R R, AN 2 & 1 000G il —
B Stokes M ik 52 Wil T U A9 B 4 Ak R SR
InGaAs H H 25 DGR ES (5 GHz, Thorlabs)
XF = AN B R OGRS K PR SR TR I FR
500 MHz, 15 DPO3052 B £t 7 /R g S 80,
Kl 5 Frzs. 532 nm 2856 559 nm #EL4GH1 588 nm
B 0 Ik op 8 BE 43 2978 36 ns, 12.2 ns
12.7 ns. FEHCAIREATIK oh b — B T re B A 15
T K FEATG N — i 357 6 5 3 16 A R A 0 ok o
I 3 A5 IR R S e T X B A

60

50 Green, 36 ns
n
2
‘= 40
3
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5 30r Lime, 12.2 ns
N
ié 20 Py Mo S
£
= 10k
0 Yellow, 12.7 ns
0 I
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Time/ns
5 ] L B = i RO Bk e
Fig. 5. Temporal pulse profiles of the three visible laser out-
put.
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Triple wavelength-switchable lasing in yellow-green based on
frequency mixing of self-Raman operation”

Sun Ying-Lu  Duan Yan-Min  Cheng Meng-Yao  Yuan Xian-Zhang
Zhang Li  Zhang Dong  Zhu Hai-Yong'

(Institute of Laser and Optoelectronic Technology, Wenzhou University, Wenzhou 325035, China)
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Abstract

An efficient Nd:YVO, crystal self-Raman laser combined with second-order nonlinear frequency conversion
is demonstrated to achieve an switchable output of three wavelengths in the yellow-green band. In order to
improve the thermal effect and increase the length of Raman medium, a three-stage diffusion-bonded
YVO,/Nd:YVO,/YVO, crystal is designed for high power and efficient self-Raman laser operation. Selective
frequency mixing mechanisms between the fundamental wave and the first Stokes wave using the LiB3O5 (LBO)
and BaB,0, (BBO) crystals are comparatively studied by temperature tuning and angle tuning, respectively.
Considering the frequency mixing conversion efficiency and a relatively fast wavelength switching, the BBO
crystal with critical phase matching is selected as the second order nonlinear optical crystal for frequency
conversion. It only needs to fine-tune the phase match angle of BBO crystal within 1.4°, and thus successfully
realizing all second harmonic and sum frequency generation between the fundamental wave and the first Stokes
wave. Therefore the efficient-switchable output of the three wavelengths of 532 nm green light, 559 nm lime
light and 588 nm yellow light is obtained. Under the incident pump power of 19.5 W and the pulse repetition
rate of 60 kHz, maximum average output power of 4.37 W at 532 nm, 2.03 W at 559 nm, 3.43 W at 588 nm are
achieved. The conversion efficiency values of the corresponding pump light to visible light are 22.4%, 10.4% and
17.6%, respectively. The corresponding pulse widths are 36 ns, 12.2 ns and 12.7 ns, respectively. The results
show that the selective frequency mixing of self-Raman operation is an efficient approach to achieving the
wavelength-switchable emission in visible waveband. This wavelength-switchable laser source has important

applications in the areas of laser therapy, visual display, spectral imaging and biological medicine.

Keywords: self-Raman, Nd:YVQ, crystal, visible source, wavelength switchable

PACS: 42.55.Ye, 42.65.Ky, 42.72.Bj, 42.55.Rz DOI: 10.7498/aps.69.20200324

* Project supported by the Natural Science Foundation of Zhejiang Province, China (Grant No. LY19F050012), the National
Natural Science Foundation of China (Grant No. 61505147), and the Public Welfare Projects of Wenzhou City, China
(Grant No. G20180013).

1 Corresponding author. E-mail: hyzhu@wzu.edu.cn

124201-6


http://doi.org/10.7498/aps.69.20200324
mailto:hyzhu@wzu.edu.cn
mailto:hyzhu@wzu.edu.cn
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

