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Abstract The differences of the maximum output powers and optical-to-optical conversion efficiencies of the
influence of Nd** doped concentration on the lasing performance in experiment and theory, a Nd:YVO, crystal with
OCIS codes

intracavity doubling single-frequency Nd: YVO, lasers pumped by 808 nm and 888 nm laser diodes are compared. The

results prove that direct pumping is an efficient method to improve the intracavity doubling laser performance.
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However, due to the contradiction between the absorbed efficiency and nonradiative transition under 888 nm

=]

pumping, the doped concentration of Nd: YVO, crystal is an important factor for the laser design. By analyzing the

doped concentration of 0. 8% (atomic fraction) is chosen as gain medium. At last, a high-power single-frequency
140.3480; 140.3560; 140.6810; 190.7220

532 nm laser of 21.5 W is obtained from Nd: YVO, crystal with Nd** doped concentration of 0.8% pumped by 888 nm
semiconductor laser, and the corresponding optical-to-optical conversion efficiency is 31.6% .

lasers; single-frequency laser; pump wavelength; doped concentration; thermal effect
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Fig. 1 Normalized absorbed pump power per unit length
of the laser crystal for different Nd*' doped

concentrations with 808 nm and 888 nm pumping
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Table 1 Thermal focal length at different absorbed
pumping powers with 808 nm and 888 nm pumping
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Table 2 Experimental results of the single frequency Nd: YVO, lasers with different pump wavelengths and doped concentrations

Na/% Ap/nm {/mm  pe=1=2/A,) P.,/W 7/ % P./W n="P./Py
0.2 808 20 24.0% 11.14 96 37.4 29.9%
0.7 888 20 16.5% 17 83 64.6 26.3%
0.8 888 20 16.5% 21.5 89 68. 1 31.6%
1.0 888 20 16.5% 19. 6 95 73.7 26.6%

PAS 2 40 BRE o0 B O 30 » 23 ) e Uk 2 iR
A8 A [) RS F) it S v s o, Sy ol X 432 16 9

WA e ORI . SR ANTE 3 B s 9 DY
BEIE AT S0, AP I P A U AR R K 2 50

0602005-4



EHER A IS PR B N 5 A U XS P A% A0 SO 2% Y E 1R T

[ 5E AN (4 AN B A BE Dy 490 mm, H: vp g M T
BRI OREER 97 mm) ., ¥ 58 EHKE K S 808 nm
JEEF RN A 1 8Os R A S s U AT SE R
Nd: YVO, B3k E R 0. 2% (N 2 26 1 17 FF
R YW B DA Pyl 37,4 WOBE L RAS T
BT IR P, 11, 14W B BB 532 nm 36
th L AR SENG nh s T A PR R B L 6ROt
T 22 i A e an &l 4 A B TR . B
J& S AEAR R 09 S5 25 1T L R I 888 nm G £F
3 3 1) OGRSy il IR AT 25 A3 )
FEEB M BE R 0. 7%.,0. 8% F1 1. 0% 1y Nd: YVO,
Al RVE R 3 25 A T, SR 45 R AN 2 TR (5 R 7E
WO ANTLE T R R B 24 FE S 0. 8 X0 11 i
PRI S BOG a8 B DR OGO R sl R .
iy A\ R an i 4 PR s T 2105 Wi,
JHA 3 45 s 00 i 10 O i B =, 25 SR ] 5
JT7R s 2 BIHOGES TS 3

25
12
10 o
20F 2 o
g8 /
E gl 808 mm pumping n, ‘
815F Z4 /
3 =} 2 Va [
2 ° A /
0 ks e /
E‘: 10 - 14 18 22 26 30 34 38 .
Absorbed pumping power /W /
£ /
/i
° 5+ 888 nm pumping - - ----------- -4 h
/
S R
o
o ®® y
(0 [o-0-00000009 e-0-9-0-0-00 . i u

20 30 40 50 60 70
Absorbed pumping power /W

P4 i B o IR il iz B ARG AR R

Fig. 4 Output power versus absorbed pumping power

1.0

0.6 -

0.4}

Intensity (a.u.)

0.2}

et e

0 5 10 15 20 25 30 35
Scanning time /ms

Bl 5 B4 4 i 2%
Fig.5 Scanning of the single frequency
At DA B SRR AT LAA SR 808 nm iz e,
TEWR IS iz Th 2N 37. 4 W BF, 3015 T e b b o)
R 11,14 W Ry B ot th . U Hhis D &R ik
PR BOL R B R @ Ry 29. 900, 7E i

o DAL L Ak BB BB T A OG0 T D R R
fiKFFEDBHR R R AR 22, 1R H 888 nm i1z G,
F 9O b AR 1 A6 B L A AR o il ) B [
I AS 2 358 I3 AR 1 RO, . 7R W R S T R
68,1 W I G Th ok 21,5 W, 2itds
2 T F 0 i AR b ORI SR I R e

31.6%., HIBLAl L. 5 808 nm P& K 4z M
888 nm L HEA Iz i O fh VR 1 R0 15 B B 3
55 . [RVRE M SE B0 A6 B, AT DU R i T 3, DA £ A5
BT 2 O i 1 B KB R ) 3 R AR AR O e e
RORAGE) TR T, LI 45 R 5 IR o M 45 R AR —
B Ji4b . AE 888 nm WK WG IS S 41N Ll AT
WA [F] 45 2% ol B8 0 b 1R A7 92 50, 45 R & ),
Nd: YVO, fh R 145 24 R 0. 8 %0 i), 6 45 1) i
DR e ORI S e . SR 2R W E
F1 0% Nd= Y VO, S & 7 52 6 i ol
RN 96 %0 (BB A4 M FE Ry 0. 8 Y0 iy 4R 1) M 038 %
890 T4 )  AH Bt DR ALK 19. 6 WL
AR 26. 6 0, I FLAKTF 808 nm FOLHZ
UL MRSt . B RIS A BT 45 S AT Can &l 2) 534
WO A 3B 2R VR FE R 0.9 Yo I TGS i BRGT aof # 7
A AR 0K T8 B R IGER  1/3, R SR B A vk
JE S A A A G ORI 5 808 nm Y K AhiE T Y
A A T EOG & 55 AR BT 808 nm fillizs 1Yy
WotHy, SR a R —3. L. R 888 nm iz e
B o S T U R BRI, SR AR - R 4 AR B 1Y
WOk L 3R B 20 EEAR T 0. 92019 Nd: YVO,
A, AN R B AU 0. 70 i mh A L i T
W ISCBACR A AR, T T8 0 R A 1 il 3 L R
Tt B 8 8 R A A, 32 4 s VR S A R T R B
il I i T RAU 17 WL R -6 5 B Rl R
H26.3%.,

4 4 w

SEHY HAL T AE 808 nm A1 888 nm P A ik 4 il
IR R Nd: YVO, 806 28 1 5% itk oh 2%
i GG 0 R0 L L RO AR I B . &
R 5 808 nm P KOEAHIZ A L, 888 nm 4% 4
12 O b A 1 A ARONE A B T R AT A
ZE IR 37. 4 W3] 68. 1 W) , Basfigt
WO B 14 o e TR (21, 5 W) LR 25 0 6 e i Ak
(1. 6YO5F T B FH T P N 808 nm flia
G BRI 23 6 WOt d . WU B il s T Rl
7.4 WX (4 S04 11, 14 WL 4k 238 I a2

0602005-5



H |

# ot

T3 BB AR 1 G HR T B A8 2%, JC iR A5 o m T %
MR AR S . 54, O T Ak 888 nm P Kt
32 IO A 0 P A8 L /N B 9B 2% Wk B B R R 11
TG 48 G BRE X O 75 B AR A R e, B B Ay
BT T 25 B8 T8 S B B8O A A 1) 4 B 2 B 45 4 Wk
JE ARG R A 25 B R U N A 1) 8 4 ok 1 IR
F0.9% ., BJE. R HBARWE N 0.7%.,0. 8%
L 0% I R R IEAT L. FE MR B 2 W JE
0. 8%0HF, LB T e i MR oA 21,5 W () 532 nm HL4f
WO 6 B - B S S 316 04 1T 2
PRI 2R BE 4> 1 0. 7 %6 1. 0 YOI L BOG 2 16
D) RO e e ORI T ERZEIR . DL A
SEBIUE W L S0 245 0 55 S o M B AR — B

& & X #
1Y. Bo, A. C. Geng, Y. Biet al.. High-power and high-quality,
green-beam generation by employing a thermally near-unstable
resonator design[J]. Appl. Opt., 2006, 45(11): 2499~2503
2 S. Konno, T. Kojima, S. Fujikawa et al.. High-brightness
138 W green laser based on an intracavity-frequency-doubled
diode-side-pumped Q switched Nd: YAG laser[J]. Opt. Lett. ,
2000, 25(2). 105~107
R. Lavi, S. Jackel, Y. Tzuk et al.. Efficient pumping scheme

8}

for neodymium-doped materials by direct excitation of the upper
lasing level [J1. Appl. Opt. . 1999, 38(36); 7382~7385

Z. Zhuo, T Li, X. M. Lie al.. Investigation of Nd: YVO,/
YVO, composite crystal and its laser performance pumped by a
fiber coupled diode laser[J]. Opt. Commun., 2007, 274 (1)
176 ~181

Zhao Zhigang, Dong Yantao, Pan Sunqgiang et al.. Investigation
on LD double-end-pumped high power Q switched YVO,-
Nd: YVO,-YVO, fundamental mode solid state laser[]J]. Chinese
J. Lasers, 2010,37(9) :2409~2414

BRI AE L T NI 2. LD MU B iE YVO,-Nd: YVO,-
YVO, &4 MM DR Q BB MR EOLE eI B #
. 2010, 37(9) . 2409~2414

T. Sudmeyer, C. Krankel, C. R. E. Baer e al.. High-power
ultrafast thin disk laser oscillators and their potential for sub-100-
femtosecond pulse generation[J]. Appl. Phys. B, 2009, 97(2):
281~295

7 R. J. Beach. High Efficiency 2 Micrometer Laser Utilizing Wing-
Pumped TM?3** and a Laser Diode Array End-Pumping
Architecture[ PJ]. US Patent: 5689522, 1997

Ai Qingkang, Chang Liang, Chen Meng et al.. Thermal analysis
of Nd: YVO, pumped by 808 nm and 888 nm[]J]. Chinese J.
Lasers, 2011, 38(4):0402001

e

o

o

oo

WEREE, W LB 8 4. 808 nm 5 888 nm iz Nd: YVO, #

A TLT]. Bk, 2011, 38(4): 0402001

Shi Yuxian, Lu Tielin, Feng Baohua e al.. Thermal effects

analysis of Nd: CNGG 935 nm laser pumped by 885 nm and 808

nm diode lasers[J]. Chinese J. Lasers, 2012, 39(11): 1102004

Tl K A AL AR 45 885 nm Al 808 nm LD ffii& Nd:

CNGG 935 nm oG 2 AR #F 7€ [T, + B % k. 2012,

39(11): 1102004

10 L. McDonagh, R. Wallenstein, R. Knappe e «l.. High-
efficiency 60 W TEM,, Nd: YVO, oscillator pumped at 888 nm
[I]. Opt. Lett., 2006, 31(22): 3297~3299

11 P. Zhu, D. J. Li, P. X. Hue al.. High efficiency 165 W near-
diffraction-limited Nd: YVO, slab oscillator pumped at 880 nm
[I]. Opt. Lett., 2008, 33(17): 1930~1932

12 D. Sangla, M. Castaining. F. Balembois et al.. Highly efficient
Nd:YVO;, laser by direct in-band diode pumping at 914 nm[]].
Opt. Lett. , 2009, 34(14) . 2159~2160

13 X. Delen, F. Balembois, O. Mussel ez al.. Characteristics of
laser operation at 1064 nm in Nd: YVO, under diode pumping at
808 nm and 914 nm[]J]. J. Opt. Soc. Am. B, 2011, 28(1):
52~54

14 Y. F. Chen, Y. P. Lan, S. C. Wang. Modelling of diode-end-
pumped @ switched solid-state lasers: influence of energy-
transfer upconversion[ J]. J. Opt. Soc. Am. B, 2002, 19(7).
1558 ~1563

15 V. Ostroumov, T. Jensen, J. P. Meyn e all.. Study of

©

luminescence concentration quenching and energy transfer
upconversion in LaSc; (BO3; ), and GdVO, laser crystals[J]. J.
Opt. Soc. Am. B, 1998, 15(3): 1052~1060

16 Y. J. Wang, Y. H. Zheng, S. Zhu et all.. High-power single-
frequency Nd : YVO, green laser by sel-compensation of
astigmatisms[ J]. Laser Physics Letters, 2012, 9(7): 506~510

17 Zheng Yaohui, Wang Yajun, Peng Kunchi. Single-end pumping,
single-frequency Nd : YVO,/LBO, laser with output power of
21.5 W[J]. Chinese J. Lasers, 2011, 39(6): 0602011
AN, ERER AR, H TRy 21,5 W i i flE Nd:
YVO./LBO Bt [J]. F Bk, 2012, 39(6): 0602011

18 P. J. Hardman, W. A. Clarkson, G. J. Friel & al.. Energy-
transfer upconversion and thermal lensing in high-power end-
pumped Nd : YLF laser crystals [J]. IEEE J. Quantum
Electron. , 1999, 35(4): 647~655

19 A. Sennaroglu. Influence of neodymium concentration on the
strength of thermal effects in continuous-wave diode-pumped Nd3*
YVO, lasers at 1064 nm[]J]. Opt. & Quantum Electron. . 2000,
32(12) . 1307~1317

20 K. 1. Martin, W. A. Clarkson, D. C. Hanna. Self-suppression
of axial mode hopping by intracavity second-harmonic generation
[J]. Opt. Lert. ., 1997, 22(6); 375~377

21 Y. H. Zheng, F. Q. Li, Y. J. Wang e al.. High-stablity
single-frequency green laser with a wedge Nd : YVO, as a
polarizing beam splitter[J]. Opt. Commun., 2010, 283 (2):
309~312

EBERE: R4

0602005-6



