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Thermal Effect of Laser Medium with Rough Surface Heat Conduction

LIAN Tian-hong, WANG Shi-yu, LI Bing-bin, CAI De-fang, GUO Zhen
(School of Technical Physics, Xidian University, Xi'an 710071, China)

Abstract: Taking account of the fact that the laser medium always cannot contact completely with
the heat sink, the temperature of the laser medium is computed and its thermal effect is studied.
Phase difference near the surface has a sizable fluctuation and therefore complicates the thermal
effect. The fluctuation near the surface becomes greater with the increasing pump power, while
the change of its depth is unconspicuous. The phase fluctuation as well as its depth reduces with
the increasing contact area. At low pump power, the diffraction loss increases linearly with it,
the larger the beam radius, the bigger the slope, when the pump power increases to some values,
the slope becomes smaller, especially the beam with larger radius. Compared to the smaller
radius beams, the larger radius beams has bigger losses for all powers. The variation of the
diffraction loss with the contact area is not significant in small beam radius, while the diffraction
loss increases with the contact area reduces in larger beam radius.
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Fig. 1 Diagram of end pumped laser medium
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34 R AT L A5 MRS P AL 5 3R T OG5 B0 255

2 BPYMITE

RO JIT 77 A ) T S A WA - BGE B AR
A AR EAT S 0 RE . BB B 8y T A L 7R A AR
17 2 SR A7 et o T BRASONE T 7 A 1 IR S AR AR X
JEAS BB D RN RCR A
2.1 HEENITE

58 A S T SR AR oA

Ay;(x,y,z):[T(x,y,z)*Tmm]dif} (6)

A dp/dT Dy 3t i A Bt B 09 22 A R 8 T 9 A
Jot A e AR TR RE . Y = T A% 478 1) O D om e A S 7
AR AL 2 8

L
50(I»y):2/1l£A77(x,y,z)dz (7

A A OB BR. iy T TR O i g B LR AR
JCHCIE S A I — 5 AR A TR A 1) L T A B A
(2 ZE AN S D A — i 2 AR AN [ 1o 437 A A7 22
MR, I A S &

a<r>a/f@(n@)—gomm]Zde (8)

R r= Va2 T3 s e () 242 BB A
.o BOR M 22 AR K.
2.2 AHOAHBRENITE

A H O RS 0 3 R A 0 S SR R
o 6 LA 3 1T ) 40 AR — R R L e OB
1) T S5 RT3 R A w3 307 ' 1) A SR S B FE T L
A=t (9) 3t

Tfexp [i ZlAgo(ryﬁ) ]exp (-%)rdrdﬁ ‘ h
Czli 00 /1 wo
2m 2 2
| Texp (*%)rdrd@
00 wo

(9
X w, BEEOECER. A0 (r) =0 (r.0)—&" N
I THT R X 2 2% BRI 1) W 8 L X —FE ) o (o ) F w, 5
U & Al BT SR A0 FE 3 B 5/ B B Ay g A 1 A3
17 S 4 AE.

3 HREGHMH

PLNd = YAG B0t i R i 4715 1
S8 R BE " R RE ¢1. 5 X 10 mm, #4
BEREE R R 14 W/ (m « C) L iE W &
0.5 mm™ ' ARG v S 0. 32, 4 I 3 bl I AR
LR E dp/dT R 7.3 X107, P K A N 1. 06 pm, 3K
DURE T. 20 °C iz Y6242 w, 4 0.5 mm.

3.1 HEEEREHEZWENXR

IO A o0 i 42 ok i AL EE o 0. 5L AT

AN TRl 32 T 28R AH A 25 53 A0, 25 R & 3 .

(b) P,=50W

W3 FARAMEHFE P, THHLEZES S
Fig. 3 Contour line of phase difference in different

pump power P,
MAIEL 3 AT D, 3R T8I B 30 R 7 22 A7 7 R AR L T
WA—ERE. EAFE R T B BRELA

Rl
im

h T AT o3 B iz D AR AL 22 8 AR B2 L 3
BT AR s DT BRI 22 8K o, ZRANIA 4
0.10

—&— P,=10W
0.08 | —#— P,=20W L

s —— P,=30W
g 006¢ —&— P =40W
§ —F— P,=50W
S 004} ;
- 3
0.02 t » |
() Loty :""';
0 0.5 1.0 1.5

r/mm

M4 FRHGEP, THMLERRHEBBEL

Fig. 4 Variation of phase difference fluctuation ¢ in radial

direction in different pump power P,
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Fig. 7 Variation of diffraction loss ¢ on pump power P,
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Table 1 Diffraction losses { in different contact ratio r and radius ®, of Gaussian beam

Contact Diffraction losses ¢ in different w,/mm

ratio ¢ w=1.2 w=1.1 =10 «=08 w=0.5  @w=0.4 =03
0.3 0.5058 0.4220  0.3317 0.1650  0.042 7 0.020 1 0.005 8
0.5 0.486 7  0.406 2 0.3202  0.1615 0.0427  0.0201 0.005 8
0.7 0.478 1 0.398 9 0.314 6 0.159 5 0.0427  0.0201 0.005 8
0.9 0.474 1 0.3954  0.3120  0.1585 0.042 6 0.020 1 0.005 8
1.0 0.470 2 0.392 1 0.309 1 0.1574  0.042 5 0.020 1 0.005 8
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