28 2 Vol. 28, No. 2
2004 4 LASER TECHNOLOGY April, 2004
: 100 F 3806(2004) 02 017F 04
Nd*
L1 3] 1, L3
v wlx w wes'sxz pen
(1. s 710055; 2. s 710049; 3.
, 710069 )
’ Nd3+
7 . . . Nd3+
. TN248. 1 A

Thermal effect research of Nd™* doped laser crystals in
end pumped all solid state lasers

SHI Peng', LI Longz’ 3, GAN Arrsheng ', LI Dong-liang', RAI Jirrtao®
(1. Faculty of Science, X{ an University of Architecture Technology, X1 an 710055, China; 2. School of Electronic Information Err

gineering, X1 an Jiaotong University, X7 an 710049, China; 3. Institute of Photonics Photo Technology, Northwest University, X7 an

710069, China)

Abstract: In diode pumped all solid state laser system laser crystal absorbing dibde pumped energy will generate laser

oscill ation, simultaneously quite a part of pump ener@]

phenomena induced themal effects seriously influen:

be translated into heat which is dissipated inside crystal. The thermal

ser’ s perforance and quality. According to laser crystal end pumping

mode analysis, laser crystal s interior temperature field and thermal distortion field calculation means are obtaned by semr

analytical thermal analysis method. Under the same working conditions several typical Nd+ ion doped laser crystal s temperature

field and end face themal distortion field as well as reasons of discrepancy are quantitatively analyzed. The analysis method and

research results can also be applied to analyze temperature field and themal didoition field of inner themal source with axis

symmetrical profile models. The work will supply theory groundwork for design of diode pumped alFsolid state lasers.

Key words: alt solid state laser; temperature field and themal distortion field; semr analytical thermal analysis method; end

pumped; N ion doped laser crystal

90 ,

(1956), .

E-mail: pshi56@ sohu. com

12003 OF 24; : 2003 08 11

3+

Nd
KGW , N LF

[3.4]

Nd*
[2]

N AG, N&VO4,Nd: GdVO4, Nd



178 2004 4

[7] oo 2
[8,9] , P, P = j()lw_2u72ﬂrdr (2)
Nd* ‘ ly= = % (3)
) Z]T.[ e 2u7rdr v
0
) E)’ .
’ s N zZ=
: z : I(rz) = leired™ (4)
(2)
1
1.1
zZ2=2z
2
v Z @(r,z) = BU(r,z) = Blge 22'7& (5)
1z n
10
" : N=1- A\ (6)
fiber head A 809rm, X
i 1064nm
(3)
(
Nd** 30 ),
9 (r
) w(r.z) = 0 (7)
Fig. 1 Experiment schamatic of single end- pumped laser aystal in’ fout mir ,
ror fold cavity laser 0 ’ Uw ,
R L , ( )7 ’
Uy, u(R,z)=0 (8)
2 2 2
’.li
--coppet cooling block .- u(r,z)lz;=0= w(r,z)l;== 0 (9)
pumped o - 1.2
beam L 2
-+ copper cooling block- - _ ’
.................. PO]S&)H
Fig. 2 Schematic diagram of laser crystal themmal model - - Lzuw¢+ ey g}l\_ _ 0 ( IO)
s r
(1 s A
, ¢ , u(r,®z)=u(r,z)
[11,12] 5 2= 0 ’<10) (
e ): _ B s
> I(r) : ](r90)= 1067 urz (1) u=- }\’ €

W z=10 v o
[méj‘ e pdp+ J‘Kre ,ﬁplngd% (11)



Fig. 3 Three dimension diagram of single end pumped NdYVO4 crysal inte

ror temperature field distrbution

28 2 Nd*™ 179
Mathematica
1.4
2 1.2
1.0
’ E 0.8
’ 06
0.4
) 0.2
( ): 0
4 5
[ = aTo 1— &M x z/mm
- A (1-€e7) Fig. 4 Tsotherm diagram of single end- pumped NdYVO, crystal interior tenr
g g perature field distribution
L S 2 r S5 —9 3 4
llnRjoe »2 PdP+ e w plan (12) ,
a
’ (2) Nd™
3 N&* . (1) Nd*
(2= 0) 5
5 Nd**
1 NFAG P Navvo ', N 1200
~ . 10
VO4[ 15, 16] ’ N(KGW[U 19] 7 NdYLF[ZO] 00
Table 1 Specility parameters of five type Ndtion doped laser crystals @] 800 3 4
Nd ion = 600
axial thermal
doped  absorption . 400 2
cydal s o thermal expansbn 1 5
0. concen  coefficient o - 200 |
name conductivity/  coefficient/ ]
tration /an~ ! >
. (Weem=¥K-) 107 6K~ ! 0 02 04 06 08 10 12 14
- r/mm
1 NdYAG 1.1 9.1 0.13 @ Fig. 5 Comparison diagram of entrance surface temperature fields of
2 N&'VO, L1 31.4 0.051 11.37 five kinds of Nd* doped laser crystals
3 Nd>dVO4 1 174 0. 117 7.3
4 NKGW 8 36 0. 038 7.3 ( ) (
5 NAYLF 1 4.5 0. 06 —
- ) 5 , NAKGW
(1) Nd NAYVO4
15W ’ ’
’ ’ NdGdVO4 1 ,
w= 0. 45mm, R=1.5
NdGdVOq4 5 ,
mm, L= 5mm (11) NdYVO4
(3) Nd*
, (12) Nd**
(2= 0) 6
6
6
NKGW , )



180 2004 4
/
1014
g ., Nd*
2
6 2 2
4
3 2
1
2
-1.5 -1.0 -0.5 0.5 1.0 1.5 .
r/mm Nd’
Fig. 6 Comparison diagram of entrance surface themal distortion of four
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