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Thermal lens effect in end-and-side pumped DPL
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Abstract ; The numerical computation for an end-and-side pumped DPL indicates the temperature
distribution in the cross section of the crystal is nearly axis symmetric, and the more proportion
the end-pumping power occupies, the more axis symmetric the temperature distribution is. The
thermal effect in an end-and-side pumped DPL was approximated with an equivalent lens. The
calculation method for the focal length of the thermal lens was introduced. The influence of the
thermal lens effect caused by combination pump on the spot radius of the fundamental-
transverse-mode oscillation beam and the diffraction loss was analyzed. The proportion variation
of the end-pumping power has some influence on the focal length of the thermal lens under a
given total pumping power. The influences of the thermal lens effect on the oscillation beam
radius and diffraction loss can be reduced by increasing the proportion of the end-pumping
power.

Key words: laser technique; solid-state laser; diode-pumped solid-state laser; end-and-side

pumping ; thermal lens effect

:2008-04-03; :2008-05-20
(1965—), s s s . E-mail :yaf65@sohu. com



DPL

* 140 - 2009,30(1) s
N N T(x,y,2) ; K,
o [1] ; Qlxsysz) ,
DPL s s 0
s s
s s 0
. [2] 1 60 W, 10 W
DPL Q . Q ; (
Q ) :mm), 2
s o 60 W, 20 W o 3
DPL s
s
DPL
1 DPL
DPL (1],
120° LD, 1 10 W
I(zay.2) [3] ) Fig. 1 Temperature distribution in cross section of
LD. 19 crystal at 10 W of end-pumping power
15
’ ' 1.0
s 1,(x,y, os
2) [2], ol
Py, os
P, P,=P,+P., ok
Nd : YAG ol
215 -1.0-05 0 05 10 15
I.(x,y.2)
LGoye2) = p [PaluCay o)+ Pl yo2)]
(D 2 20 W
Fig. 2 Temperature distributions in cross section of
' crystal at 20 W at end-pumping power
s
s
2 DPL
2.1 3 30 W
s [4] Fig. 3 Temperature distributions in cross section of
2) crystal at 30 W of end-pumping power

_K(»VZ’I‘(IayaZ):Q(.Tay92>



2009,30(1) s DPL 141 -
)
60 W, 30 W o 17% d1+d2fd1;12
, 30
(8
, | 14
/ /
420+
° 410t BAIE TR 60W
2.2 § 400t
h(x,y,2) ﬁwo-
Ve h(x,y,2) = Q(x,y,2) gm'
. (3) # 370}
hiz,y,z) =— K. VT (x,y,2) s60k
,(3) S0 15 20 25 30 35 40 45 50
i T 8 T3 A /%
Vo h(r,z) = Q>ry2) 0
h(r,z) =— K. VT (r,2)
’ 4
h(x,y,2) , ’
(x,y,2) (0,0,2) Fig. 4 Variation of thermal lens focal length with
AT (x,y,2) R occupancy of end-pumping power
[\ )
= — w
’ Ag(r) U }
. d d
g () = 2 /2f (5) -
: 3 A o
Ao(r
o(r) [ -
Ap(r) = j ZTTrAn(r,z)dz (6) Fig.5 Equivalent cavity with consideration of
An(r Z)O . crystal’s thermal lens effect
. * ’ (;
) L d . di b
y G, =1 79 G, =1 7 R
dn/dt )
b=d, Jra’zfdldz €D)
) v
- [ dn
An(r,2) = Mn(r,2)r = AT (r,2) d_t) (7) \/
, A G,G,(1 — G,Gy)
A "sZ) — "y — ’ ° ‘-7:_‘—12' bl
T(r.,z)=T.2) —T0,2) (5) w? © 7G, + G, — 2dG,G, (10)
(6) o
4 , ,
° ’ jj ikdg — (2243 ot ‘2
e"“e sdady
O =1— o ;  aD
’ o ‘J J e*(x“#)‘“),’z&,v;dxdy
2.3 T
: S 5 Wy
5
i Ap(x,y)  (x,y)
’ sk = 21/A,

Ap(x,y)( )



142 - 2009,30(1) DPL
22 4 42
Ap(r.y) =— (12) ’
f b b
6 60 W
o 7
60 W ’
i) ,
o 60 W
b
b b
b ’
H
' ' 2) ;
b o
02641 ’
0262 Bz IR 60 W ’ ° D
E 0260}
;ﬂf 0258
8 02561 °
fé 0254
£ 0252
B 0250
08 TS 20 25 30 35 40 45 50 (1] , , . DPL
i T 97328 T 3 2 /%
[ » 2006, 35
(2):161-164.
6 YANG Ai-fen,LL1 Wu-jun,GUO Zhen,et al. Control
function of the end-pumping light on the oscillation
Fig. 6 Variation of TEM,,'s radius with occupancy of light in an end-and-side-composite-pumped DPL[J].
end-pumping power Infrared and Laser Engineering, 2006, 35 (2), 161-
0.80 164. (in Chinese)
BAE A 60 W [2] ; . . DPL Q
Eons . .2007,28(5) :593-597.
prad
: \ YANG Ai-fen, GUO Zhen, WANG Shi-yu, et al.
&
g 0701 Study on the Q-switching performance in an end-
and-side-composite-pumped DPL [ ] ]. Journal of
%0 15 20 25 30 35 40 45 50 Applied Optics .2007.28(5):593-597. (in Chinese)
i T 1B T3 A 2 /%
[3] ; , .
Nd : YAG 7. ,2004,
7 24(5):633-640.
YANG Ai-fen,BU Ying-hua,CHEN De-dong, et al.
. L. . , X Characteristic of liner LDs side-pumped Nd : YAG
Fig. 7 Variation of TEM,,'s thermal induced
. . . laser[J]. Acta Optica Sinica, 2004, 24 (5) : 633-640.
diffraction loss with occupancy of end-
. (in Chinese)
pumping power
[4] INNOCENZI M E,YURA H T,FINCHER C L.

Thermal modeling of continuous-wave end pumped
solid-state lasers [J]. Appl. Phys. Lett. , 1990, 56
(19):1831-1833.



