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Thermal Effect of Laser Crystal by Laser Diode End-Pumped

Yu Guolei Liu Huilan Sun Yao Li Jian

(College of Physics and Electronics, Shandong Normal University, Jinan, Shandong 250014, China)

Zhang Shuaiyi Huang Chunxia

Abstract The thermal conduct model of laser crystal was established. Using Possion equation, the temperature and
temperature distribution in laser crystal were obtained, and the optics path difference (OPD) induced by end-face
deformation and total OPD were caculated. Based on the former calculation, the focal length of laser crystal with
different pumping powers was obtained. The experimental result agrees with the caculated result very well. When
the pumping power is 10 W and the radius of pumping beam is 320 pm, the OPD induced by end-face deformation is
45% of the total OPD for Nd: YVO, crystal. When the pumping power is 24 W, the focal length of crystal is
65. 8 mm. The end-pumped resonators with one highly reflective coating directly on the laser crystal can aggravate
its thermal effect. The study shows that, for the solid-state laser with high power, the OPD induced by end-face
deformation has a large influence on thermal effect of laser crystal. This study provides a theoretical direction for
improving the stability of laser and studying the thermal effect of laser crystal.

Key words laser technique; solid-state laser; Possion equation; end-face deformation; optics path difference;
thermal focal length

i R AATE A S BIVAAGE BN o O b R B

51 5

WOt — A (LD) il iz 42 [ 25 WOt & B &R
A B TR RUE PR SR DR AR
AW B O il AR 42 T S WO A8
e BRI EAR KR JE B IRE T O AR 1Y
i R REE . ORI SCROE AR s Dt e
PG S 4 [ B s 8 il 32 Ol R R % A8 D TR Y
FARE L 75 R VR BRI AR 2 20 U B 5 4 03 A 51k

W im B H#3:2007-07-16; W 2lf&2f B :2007-11-13

A S R B =0 T O AT S SR A AR
AR 14 i VT A8 A RO S o A7 o el T3 A R A2 Al
S AR R AR 32 IR 7 S B AR R N A A
R B i A AL g i PR BE T . B KA
[ 25O e 1977 2R L S APE BB 22 04 I i il oz SO6
A o pb T A S i L B R AR S TR A R A
55 i T B2 728 o o AR A B 114 52 W AT RO 10

FEF B A 3K —(1982—) . B L InZR N W 0 50 A E 2N [ A O & 1 AN AR 2k Ml S5 07 T B 52

E-mail; shuaiyil63@163. com

ST -4 A3 ) B AR HER B A 0 3 RN R [ S RO A F A AR L 2 S DT TS

E-mail: lijian@sdnu. edu. cn Gl{E/EZE)



334 i

e ot 35 %

LA 5 PRI 1 SCHR R 22 202 45 iR I i
T A AR AR ST A Nd: YVO, 30 & i 1], F)
P28 00 AR SR i A% S 7 B2 A9 3 T b A P PR IR
JE 3 A1 i T 72 5 | ) 6 25 DA KGR R D AR 22, JF
HR A 2K IH0 37 S A R 5O AR 2 9 R L IE RIS 3] T
PR E kLR T Nd: YVO, 806 R AR [H]
iz DR T PGB G AR .

2 FARERIAY ST

FEFCARET Nd = YVO, & 7R B 60 28 78 58 ey
L JE PR KV A T SO i A A TR . R T
o TR g Tl 32 4 [ S HOE AR BEOE AT s
i ZU W 75 18 B il is o6 D) A A FE 2 AU L
Dt T 12 P00 184 LA K il i ot 5 O i X e
BC » 101328 5 A4 D6 I — P SO it A By T A 00 o
Uit AT AL A 61 A% 5 6 22 BIAR /N . T LA 5506
TEAR A S B A58 S o D o't A7 8 7 e PR 35 T
T S S A E) S A T LA e B
AL LA ST AR 1 B B AR
AY

heat sink

laser crystal

Bl 1 Nd: YVO, & & #i 7 R & 1#
Fig. 1 Thermal model schematic diagram of

Nd:YVO, crystal
T O A P R A B L D) Py S A B A
SIAM (Possion) J7 27+

2 2 2
K24+ K, 24K 2% (g =0, (1)
dx’ S dy dz°
g(x,ysz) = ZQ‘E (1 — e )2 hhio e (2)
W,

Ko FEIRI IR R K, K KL ik A Tr
] AL T R EQ = P SO S AR i LA
FE » R 1 2 T 2500 P A RE R 1 I 3 R A
Py, AR sw, HICBEER L IR,

WL BTN S BO6 & A7E 58 8 e i 9 R 26K
Yo, LN T I R PR RE A O AR L (R T SR
20 C, RBP4t BE 293 K, B8R S AR i 1T 5 25 K
Fz fid o AR ER I A 0 18T 5 2 ARS8 4 A A B )
F o1 TG ER K D T O HE AR T AT AR 5
AR £ 79 A ity T 40 A o Pl O T A AV TR ) SR S A

T(a,y,z) =20 C;
T(x,b,2) =20 C;

T(—a,y,z) =20 C, (3
T(x, —b,2) =20 C, (D)

IT(x,y,2) —0C.
(72 z=0 ’

aT(Jc?,y,z) —0C, 5
Jz =1

FOp I AR K 24,588 26,

3 A i 16 BE 37 5 PO A U R

TR Uz 6 m AR w, = 320 pm. Nd:*
YVO, RS H3 mmX 3 mmX7 mm, N &
BIRFHHCR0.5%, K, =5.23 W/(m « K), K,
=510 W/ (m+*K), K. =5.10 W/ (m+*K),a =
148 om0,y = 20% 3 i 2 5 B LR
TR M hE Yo 10 W, 306 & AR 1 il iz
NP i T Yl J3E 37 A B et AR PN S e il 3 R A
g 2 FE 3 s

250,
200
150
100

50

7/C

Bl 2 Nd: YVO, &4 3 i EE 53 1
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