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Abstract The thermal lensing effects of 808 nm and 885 nm LD end-pumped Nd: CNGG 935 nm laser are
investigated by experimental and theoretical methods. The thermal focal length of the laser pumped by 885 nm is
about 6. 8 times of the one pumped by 808 nm when the absorbed power reaches to 10 W. Meanwhile, the
temperature gradient in crystal is smaller under 885 nm pumping. At the pump waist position, the maximal values of
the crystal temperature under 885 nm and 808 nm pumping are 287. 76 K and 310. 05 K, respectively, in
experiment. At the pump face, the maximal values of the crystal temperature under 885 nm and 808 nm pumping are
285.78 K and 317.18 K. Compared with the 808 nm pumping scheme, the slope efficiency increases by 43% (from
4.6% to 6.6%) with an 8% reduction (from 3.31 W to 3.05 W) in the oscillation threshold under 885 nm direct
pumping scheme.
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Fig.1 (a) Temperature distribution in laser crystal along X/Y direction; (b) temperature distribution

in laser crystal along Z direction
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Fig. 2 Relationship between effective focal length of
thermal lens and input pump power. Symbols

represent experimental data and curves are

theoretical fitting results

MIEL 2 Ha] DU Rl iz 05 5T . R #4
A3 R I it 32 D 5 0 g AT DR/ o R 114 A B AR
BT . AR AT R B s 2R R . T 808 nm
B T B AR 2 G A GE AR T L
885 nm filliz 77 30T 19 AR AR B /NG 2. g 4G
RANBE AL R F W] 885 nm H 42 2L M
AR 1) A2 5 A0 A B B0 SO T IR TS 119 B A A
JEH R A AR

3 SLEEHE

W= BE 4% Nd: CNGG 935 nm % #% 45 ¥ 1n
3Hi R, BOGIMIRE RV FESN, BEK
14 mm, 524 T A Nd: CNGG i iR K 2
8 mm,Nd*" & T8 /3% 0. 5% . 7F 800~1100 nm
B BE R B . 808 nm 1885 nmif iz W At 4T 4
B LD OB 842 400 pm, BB L2 A 0. 22,
MEE A M E M & 2: 1A REME 2
Nd:CNGG SR A #F #8550 M1 g F- 18 55, 55 15 R
808 nm 1 885 nm [H1i% 935 nm & K. [\ T
il VO fE kR 4%, 9% 1061 nm 3§ 0% . AR G AR
(OC) A TE 935 nm Ab i I 3 H 206 19 F T BE . Nd:
CNGG fh 1A £ 22 75 58 76 o il 8 7E 28580 K ¥ 42
LFOKBRIREREL S C. BobH bk K HLE b
e (SpectraPro 5000 M4 . i H D) 3 fy 2 Z2 1
i R B SA T 3Rk AR At ) A A R B R e, D)3t
TR TE 8 S B e Ak L (53 em) , FESETR Y,
F 2 B WAz T 2T O g 1 R PR 22 5 L

FOHOG T PR RE M) 25 5. ML B R 5 DR OB — I
M1 oC
Nd:CNGG
LD
=
dl

B3 Sl IR i 25 4 5 dl i e
Fig. 3 Schematic representation of optical

resonator and pumping setup

1102004-3



i

# ot

(dy AR/ G HRGE BT HEn] Z200%)  OC " HOLT7 1)
A3 A KT 45 T A 2828 B 45 B 3
JEUE IR 7 D AR AR I SO a2 RO 4 IR E
ToO G o R DR BGER B A R R B TE O
o (L B 3 DG AL SOE 48 71 SR R FE RS 3 OC 1y i 7
AN PR I EAT AL

4 SLEEE R 550

WE=HE Nd: CNGG 935 nm #O6 #% (4 i A %
DR AN A 4 R A AR AR Ry A AR I IR ST L O
pirs VR 2 AT 1) i3 ' 2 3 2o 0BG T S 310 A T
IR = LT TR ROE N i KSR S ey
HRREFOLRRCE . N T R PRz O T
It di R 1 RGBS RO 2 i PR B Y 22 L BR
THUZPRAF S AR Lm0 —FE . XS A
LA 5182 885 nm FI 808 nm Hhiz 7= Wy Ui
—HES Nd: CNGG ¥t 5 19 i R 80 5 50 ok
6. 620 4. 620 BRI S T 43005 W% HH 4
53.05 WAHI3.31 W, BEML T 8% ., MELIZERE,
WoOtEE b M Re R B TR . (R EEE N
J& . 1T Nd: CNGG #1358 5 95 & P R M R —
Al 2% W ST A S BOROE 25 R R AR, [ B A S
5 vp AR S B R AT A RO R TR A
SR AR R A a2y 2O SOG BE I R L G 5
M) T O A A R RE

0.12 —=— 885 nm, 6.625%
—4— 808 nm ,4.639%

0.10f
g

8 0.08f
3

2 0.06

-
5 0.04}
o

0.02

0 ] . . L
28 32 36 40 44 438 5.2
Absorbed power /W

4 A£ 808 nm F1 885 nm #il1i2 5= T ,935 nm

Nd: CNGG Ot a8 W I 3 5 i 2 310 K R
Fig. 4 Output power versus absorbed pump power for
935 nm Nd : CNGG laser under 808 nm and

885 nm pumping

FEA )iz 75 20T 92 56 v i i A 0 i A Y
FACHE I B o O IR S ds T A AR AR IR A 1 2
o B2 PP BOHE A D S v R A 3 A A B AR
BR 2 PSRRI 4521 . 885 nm B iz I
T2 ARz DI 10 W 1A i) $G% BR

FEFE R 29 /2 808 nm lizg 7 x0T Y 6. 8 £, A iR I #4
RN A5 B A RO

AEXF T 808 nm fliz KK . 885 nm By & F
/N IG5 S BRAE o R 7 A A A D AR R
DR T OGS R 09 BB U H T = AR A
MO AR R AR T BRAE T R AR T4
WA REH /, B3E T OGS i s ERE . R BT
Nd*" 2 F7E 885 nm Ab 1) WU 3 B0/ - X132 A
R B W AL 3R B IR E R T A R O L IR
P B A3 A B3 5 XA R T R D SR OB A DL RCHK
P BB 55 22 B O A 17 T G b FC B R e (I A B
M1 R DU TC 8 A 2 ) 34 2 A 1] . 885 nm
i1 gy W N TR N s 7 53 o (S ) | B s I 5 o
BE/N . B EAhIE 7 0 I A T R UE = Re Ot

S0 e B S T
5 4k 7

DS HE FVEE 8 G 7 1T 3 7 T 808 nm 1 885 nm
PR A2 7 28R fE = B2 Nd: CNGG 935 nm
Wotg PR S R PEBE 22 5% . 5 808 nm
iz oy A b, H s Oy o6 iR IR ok g
B AR T 820 AP AR & T 4320 5 b PR Wi Hl
YRR 10 W, b (G B A BE ] 8 K5 R A
PR A8 U B 4 A E A 1) RR ) RS IR L O R R R
AV N (o N R 3 T N = 5 |
287.76 KAHI 310. 05 K., 7E fil1 iz 3 11 » i 1< e 155 Wt B8
A3k 285. 78 KA 317. 18 K, 556 4% 5 I # i 4%
Bra W1, 885 nm H HAlZ Ty A8 BGE fh 1A B 67 20 F
WOt A i PERE T A —E L. TR B B
A = RE A A OB BT T BB 2 HAORL T B0
A R T E WO RE L Bl T OG &R 09 f R PERE

s & X #

1D. C. Brown. Heat, fluorescence, and stimulated-emission
power densities and fractions in Nd: YAG[J]. IEEE J. Quantum
Electron. , 1998, 34(3): 560~572

2Y. F. Lue, J. Xia, X. H. Zhang et al.. Quasi-three-level Nd:
LuVO; laser under diode pumping directly into the emitting level
[J]. Laser Phys. Lett., 2010, 7(2); 120~123

3 R. Lavi, S. Jackel. Thermally boosted pumping of neodymium
lasers[J]. Appl. Opt., 2000, 39(18): 3093~3098

4 N. Pavel, V. Lupei, J.
concentration dependence of 0. 94-, 1. 06- and 1. 34-pm laser

Saikawa e al.. Neodymium

emission and of heating effects under 809- and 885-nm diode laser
pumping of Nd: YAG[J]. Appl. Phys. B, 2006, 82 (4):
599~605

5 Nan Zong, Fangqin Li, Lin Han e al.. 4. 6-W compact and
efficient NdAl; (BO; ), thin-disk laser[J]. Chin. Opt. Lett.,
2011, 9(11): 111402

1102004-4



Jiti 5

885 nm M1 808 nm LD fi1iE Nd: CNGG 935 nm 356 28 AL B B 5%

6 N. Zong, X. Zhang, Q. Ma et al.. Comparison of Nd: YAG
ceramic laser pumped at 885 nm and 808 nm[]J]. Chin. Phys.
Lett. , 2009, 26(5): 054211

7 V. Lupei, G. Aka, D. Vivien. Quasi-three-level 946 nm CW
laser emission of Nd: YAG under direct pumping at 885 nm into
the emitting level [ J]. Opt. Commun., 2002, 204 (1-6):
399~405

8 Yanfei Lii, Jing Xia, Junguang Wang et al.. Highly efficient Nd:
YAG/LBO laser at 473 nm under direct 885-nm diode laser
pumping[J]. Ghin. Opt. Lett. , 2010, 8(2): 187~189

9 V. Lupei, N. Pavel, T. Taira. Highly efficient continuous-wave
946-nm Nd : YAG laser emission under direct 885-nm pumping
[J]. Appl. Phys. Lett., 2002, 81(15);: 2677~2679

10 V. Lupei, N. Pavel, T. Taira. Laser emission in highly doped
Nd: YAG crystals under *F5/, and 'F3/, pumping[J]. Opt. Lett. ,
2001, 26(21): 1678~1679

11 S. Bjurshagen, R. Koch, F. Laurell. Quasi-three-level Nd :
YAG laser under diode pumping directly into the emitting level
[J]. Opt. Commun. , 2006, 261(1): 109~113

12 N. Pavel, K. Liinstedt, K. Petermann e al.. Multipass pumped
Nd-based thin-disk lasers: continuous-wave laser operation at

1. 06 and 0.9 pm with intracavity frequency doubling[J]. Appl.

Opt. , 2007, 46(34): 8256~8263

13 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, 2012, 39(6): 0602011
FORAE, ERER . AR, MR 21,5 W Bz Nd:
YVO./LBO BHBOLERT]. + B#k, 2012, 39(6): 0602011

14 Ai Qingkang, Chang Liang, Chen Meng et al.. Thermal analysis
of Nd: YVO, pumped by 808 nm and 888 nm[ ] ]. Chinese J.
Lasers, 2011, 38(4): 0402001
WRHE. B &, B 45 808 nm 5 888 nm fifiiz Nd: YVO,
PN ATLT]. P B sk, 2011, 38(4): 0402001

15 T. Y. Fan, R. L. Byer. Diode laser-pumped solid-state lasers
[J]. IEEE J. Quantum Electron. , 1988, 24(6): 895~912

16 Y. G. Yu, J. Y. Wang, H. J. Zhang e al.. Thermal
characterization of lowly Nd*" doped disordered Nd : CNGG
crystal[J]. Opt. Express, 2009, 17(11); 9270~9275

17 W. Koechner. Solid-State Laser Engineering[ M]. Sun Wen,
Jiang Zewen, Cheng Guoxiang Transl.. Beijing: Science Press,
2002. 409
SO R, R RO TRIMI. b
ol FhAE MU 2002, 409

3C. YLEESC. FEEFE . AL

EERE: R

1102004-5



