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Visible Lasers Based on Vanadate Crystals
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Abstract Stimulated Raman scattering is an important frequency conversion method for obtaining novel wavelength
laser. For an intracavity Raman laser, the fundamental light and multi-Stokes light simultaneously resonating in the
laser cavity provide the possibility for outputting multi-wavelength visible laser by second-order nonlinear optical
frequency conversion, which can meet the application needs for multiple wavelength laser in some fields, such as
laser medical treatment, laser display, spectral imaging, and biophotonics. Vanadate crystal is an important solid
Raman gain medium driven by Nd-ion laser for its excellent stimulated Raman scattering properties. In this paper,
the Raman spectral characteristics of vanadate crystals and the research status of related Raman laser are briefly
introduced. Then, the research progress of second harmonic and sum-frequency generation of Raman laser in recent

years is summarized, and the development and application prospects of techiques for generating multiple wavelength-

switchable visible laser by Raman selective frequency mixing are briefly analyzed.
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Table 1 Raman performance parameters of common Raman crystals']

Raman Raman line Raman gain at Damage
Crystal

shift /em ™! width /em™! 1064 nm/(cm « GW 1) threshold /(GW * cm™?)
PbMO, 870 8 ~8 ~0.4
BaWO, 925 1.6 8.5 -
StWO, 922 2.7 5 ~5
GdVO, 885 3.0 >4.5 ~1
YVO, 890 2.6 >4.5 ~1
Ba(NO;), 1047 0.4 11 ~0.4
768 6.4 4.4

KGW 901 5.4 3.5 ~10

X F 47 S B AR B BT R UL bR IR L2 25
FRB A B AR 1 At B 0 A 4 A5
MM FEY I RE R BN ZIER R, PLRE
RE A B KW P2 M 45, B R & PbMO, Al
Ba(NO,), 55 dh A, (0 0 2% 351 45 1 = 5 [ B 34 AT
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WO A/E B $ 2 1 4 A . Nd: YVO, Ml
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B LR R SR JE T 00y s T R B e R
G580, G AT T o b, kTN SO BT A Bk AR
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FNd: LaVO, = A5 WL By 48 5 SR £k 19 B0
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B B A AN TR Nd s LuV O, b 74852 A8 X 858 57 1 18
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Table 2 Crystal performance and energy level transition parameters

Tetragonal Nd: GdVO, Tetragonal Nd: LuVO,

Crystal Tetragonal Nd: YVO,
Wavelength of
1064
*Fi,-111,, transition /nm
Stimulated cross section of 12
'Fi,,-1y1,, transition /(107" em?)
Fluorescence lifetime /ps 90
Raman gain(@
>4.5
1064 nm /(cm « GW 1)
Raman shift /em™! 890
Raman line width /em ™' 2.6
Thermal
5.2

conductivity /(W e m™' « K™1)

1063 1066
7.6 14.6
90 129
>4.5 >3.2
885 900
3.0 5.0
11.7 9.7
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Fig. 1 Raman shift characteristic diagram of

YVO, crystal®
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Fig. 2 Two kinds of bonded crystals designed for experiments
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AL IE P E Nd: GAVO, fiik . 78 10 W ihiz T %
M50 kHz EE MR T 4R15 T 1.48 W F¥ 5 13
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OGRS, X THLM Q Ir& Kt m
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Table 3 Phase-matching parameters for second

harmonic generation at 1176 nm

Crystal BBO LBO KTP
PM type CPMI NCPMI CPMII
Temperature /K 300 315 300
du/(pm+ V1) 2 0.839 3.5
0=90°, 0=169°,
PM angle 0=21.5° ., .,
$=0 $=0
Walk-off angle /mrad 52.87 0 34.32

KTP 1A AR Lt R (d o) K, 2
LBO Sy 4 £ 26 A AR E AT 8 B A A KL AL
PR TR AR S L 11 2R AR A D8 i) T 35 A 16 PN G i
PR 0 500, LBO M A sk 264 &R B b
(0.839 pm/V) T ZEAHN VU g AH 4 T 11 2845 30 K Y
A RARZNE BB AE H IR T AR R 2 T AR G S AE A
VAT, AT g e R A T L AR 315 K9 BT SE AR
I - 57 DE JE , ) B4 i A R B s A i s . |
T B AR CBF 52 A LBO &R kAT IR A . K 2 R
ks FAR AL VE L (0 = 90°, ¢ = 0°) V) & b 44, BT L T
SCHR RN VLI LBO §h R 35 54 5% FH AR I 548 47
VEHEL(0=90",4=0")P1%Hl, BBO Sh{RH 1 ZAH {7 UL
it A 2 AR Lotk R B K (2 pm/ V), A BBO f§hi A
W EA BRI A BAEL M2 RE(2.0 pm/ V), 11
LBO f4€0.84 pm/V) i i —£5 DL b, o] 78 — 5 2

FE E VRN E B A KA R .
4.2 FELEERSRMT S Bt
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LBO H#HE N —Fr Stokes BOGHRTH, 76 16.3 W
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B AR T 4 e Fe o 1 S BT IR R L o b TR
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880 nm LD ¥ m iz S i 4 /9 Nd: LuvO,/
LBO HPL MWL LH T 3.5 W TR 13.3%
MR 589 nm L FOL . AR, Lu 554
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1A It FLARALDCBC B9 KTP 1R A RS A, 3615 1 f
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4F, Tan 2P 3£ F 880 nm LD #iiz Nd: LuVO,/
LBO HH7 2 f, S2i 1 4.2 W i 2R 1 22.9%
FEHR ALY 560 nm HELEEGOGK . 2014 4E, Lee
DU IE T T Nd: GAVO, [ $r 8 4% 5 1 i e
EOLBOL 1 B DI RN 727 mWL B RCR N
4%,

T3 22 = X O I 0 FE 1 ) BOK AR R
TR R AR AR AR SR B IR B T % R i
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7L i A P R A5 S e YR A 45 80 1) S B A T
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2.15 W B s %0 13.3% . PO P K 8 589.17 nm
8 D 0 VR R AR AR B A O R YV A R
BT oI Nd: YVO,/KTP {2 ffi, 7r 14 W
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HEAE YVO,/Nd: YVO, R A 578 5 JE i 54
ALVERECY) R B LBO FE A5 4 K, 78 23.5 W filiz
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T AR 24,2 06 B M AR B A5 A 588 nm B L K
o [, Zhu 7 3 — 25 2R M 30 mm K = B
AR YVO,/Nd:YVO,/YVO, fhik . A3 5 #
RN I 382 o 2 BUME K, 458 ERE R
G 25 oA Ak . 16 110 kHz A2 SR 5% 25 1
FMTN AR T 7.93 W OF- B TR A 30 U6 B 4
ORI 588 nm B OGHI . 2013 4F, Du S KT
XA B Nd: YVO, /LBO A $i 2 M. 1E 32 W

Atz oy f1 30 kHz EE MR T, LW T
3.55 Wi i I F 11 0 B 80% 19 559 nm B 40
.

WA HTI Q WL &AM RO S R &
A K AE B P2 25 3t R Q ¥y Ik Xy
FE T 5 Dy 3 N SE LT i D R AR A R
M, HiES AP AR LJE Q A LS A K sk
AT A R A L X BRI O Q P2 O
e 25 Jok o FE 46 55 1 L A T B 1 3 08 Fl— B Stokes
bk iR TR R B R

5 L= IR AT DO BLZ AR HOE

B — B Stokes B AY 4 -5 R 850 % I D) R
(R 42 T 6 78 7 S 0O 1 PN 3 3 R [ I8 K TR AR S
BRI K AT 6 ) 22 0 K O IO BT 5% 2 0 R AN .
S P LG R4 [y Stokes Y[R HR 3%, 38 i 4%
SRIAR S B 22 Bl RT UL O U B OB AR A T T AR
H i AH G2 T8 23 91 R Al 2 M 2 SR SE B T B A
P AT e PR R 22 A D A e
510 NERNBRMAR

PLNd: YVO, S RVER A $7 2 5 A i B 985
P8 ARG RH . Nd: YVO, 7= 4 1) 1064 nm
KBOBAE b 30, @t A B 890 em ™ SIS ,
HE XTI B — B Stokes GBI IE K 1176 nm, —
Stokes YK K 1313 nm, K 3G H 73T H$r
SR A 22 P U K O RIS AT HIL

AT X BT T AR 2 i 9 TR AT B ) DL
T AR A R A LBOLBBO Al KTP =
Fifr, A7 DC FE D7 5K 3 4 455 TR DG G R AR R DCRC
F AT R SNLO 84X 45 A & 44 1 #1437 T
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Table 4 Phase-matching parameters of nonlinear optical crystals with different frequency mixing

mechanisms corresponding to different wavelength combinations

Wavelength 1064 nm 1064 nm & 1176 nm 1176 nm & 1313 nm
conversion SHG 1176 nm SFG SHG 1313 nm SFG SHG
Output
532 559 588 620 657
wavelength /nm
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LBO PM angle 3 . . .
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. 149 89 41 10 —1
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Z¥0(2.0 pm/ VOB K, Ik LBO f4(0.84 pm/V) &
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5.2 ELK AL SIRINKE K AE R

2005 4F , Mildren 2510 48 H A F — B AR i A0
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ST EC £ B V1 #1f LBO @bk 41 & % Nd: YAG/
KGd(WO ), JiE A [R5  0khr 2 BO 47 1R
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2008 4, Pask 5" F I S0 07 VC B BBO b 14 £
P I T AR A 5 A WG
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155 ‘CF 38 i 545 6 Al — By Stokes Y6 22 [8] f 175 4
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AP B DR AR T 3.5 WL R AR K
F11%, 2011 -, Li PR H Nd: YVO, E 8 A

P& R, 38 o o Y LBO & AR 9 T B S B
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A aok AR A T i 8 B 4 o AR 1) S e i AT T 40
BT s 73 B AR W AR ek b A4 3 B2 F 5 P R 3 B AR s 22
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TR K A S Y IR PN RS O A R DL 6 Y
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559,532,588 nm K. 2019 4F, Chen %1%
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A 3 ST R K N = K O TR B e . g
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