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Abstract

In order to solve themal effect of laser crystal induced by high power diode laser end-

pumped: the themal defomation on pump face of laser crystal was exactly calculated Through work

characteristic analysis of laser crystal in diode laser end pumped all-solid state lasers a themalmodel of

rectangle laser crystal was built

Based on the heat conductive equation

a new solution of Poisson

equation was introduced and the general analytical expression of themal defomation of rectangle laser

crystal was obtamed And themal defomation influenced by diode laser eccentric-end pumped was

investigated Compared to the finite-element analysis or other numerical solutions the analytical solution

will not produce any calculation error

The analytical solution of themal defomation will supply a

theoretical instruct for solving themal effect of laser crystal and mproving the performance of lasers
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0 Introduction

Diode laser
(DPSSL) operating in infrared and visible spectral

pumnped allsolid-state  lasers

regions have wide applications in the fields of ind-

m ilitary  medical treament and scientific

DPSSL can easily operate with TEM,

mode output and have high pump conversion eff-

ustry

1
research’ .

iciency by diode laser end*pumpediz]- W ith high
power diode laser end pumped: nhomogeneous local
heating and large themal gradient distribution in lasing
gain medium will mevitably induce themal effects "'
Themal effects nclude photoelasticity effect themal
stress fracture themal defomation and so on. which
nfluence perfom ance of lasers such as the stability of
resonalos mode coupling

width of lasing mode
efficiency and beam qllalityqul

M any methods had been adopted to study themal

effects of laser crystaf& T T this papes through work

feature analysis of laser crystal a themal model of

rectangle laser crystal was built In the themalmodel

some characteristics such as an axially heated cuboid
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Lasers Laser crystal Endpumped; Analytical solution; Themal defom ation-

with a themal conductive boundary at the periphery
and the

coupled pump light having Gaussian
distributionn were considered And the unreasonable
assum p tions such as the rectangle crystals
approximated as the cylindrical crystals and the heat
flux along radial "', were abandoned Based on heat
conductive equation ( The Poisson equation) and its

boundary conditionn a new analytical solution was

deduced and the temperature field and themal
defom ation of rectangle laser crystal end pumped by
diode laser were obtained Particularly the themal
defomation influienced by diode laser eccentric end-

pumped was investigated:

1 Therm al deform ation analytical
analysis of rectangle laser crystal

To counteract the themal effects generated by
punp radiation. laser media must be kept n active
cooled during the operation It was demonstrated that
cooling laser crystal to cryogenic temperatures resulted
in a significant mprovement in average power and
beam quality Fig 1 shows the cooling schematic
diagram of laser crystal by diode laser end pumped and
its themal sink Here b and ¢ are the side lengthes of

rectangle laser crystal the pump spot of diode  laser
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was controlled by a coupler fomed by a self-focus lens

or a battery of lens
Y Copper heat sink

— Pump spot of end-pumped by diode laser
’A——T— Laser crystal

%/%M

QL
V/
//07,/ 7 g
ARy

Fig 1 Schematic diagram of laser crystal by diode

laser end pum ped

The intensity distribution of a fibercoupled diode
laser was expressed as the Gaussian distribution
Though reshaped and refocused by a couples the
perfomance was not changed The intensity
distribution on pump-face of rectangle laser crystal was
given by

1;)2+(v‘5)2

(x

I(x v 0) =Le ~ wl @y

where I, was the center intensity of pump light ® was

p
the waist spot radius of pump light
Only a part of the applied pump power was

converted into laser radiation; the remaining powerwas

transferred to the heat which results from competing

mechanisn s as radiationless transition and absorption of
the host lattice The mtensity distribution of the pump
light in laser crystal was given by

I(x p 2 =I(x ¥y 0)e ™ (2)
Here B was the absorption coefficient of laser crystal

Since laser crystal was kept n good theremo -
contact with the heat sink the four sidefaces have a
fixed temperature ( In mathematic method temperature
was assumed as 0 ). Two pump-faces were connected
with ais heat dissipated by convection was less than
the heat conduction through the four-sides which was

0
no more than 1%0.

mntroduced that the pump-faces of rectangle

solution was
laser
So the boundary

An approximate

crystal were the adiabatic condition
conditions of rectangle laser crystal end pumped by

diode laser were obtained

u(0, v 2 =0; u(b y 2 =0
u(x 0, 2) =0; u(x o 2 =0 (3
au(x,v,z)‘ Oau(x v 2) ‘

7 7w

The heat conductive equation of laser crystal was
the Poisson equation

au(x;y,z)+au(xyv,z)Jr
dy (72

Pulx y 2 _ 4
u x,zv z) _ _ 4 8
dq A

W here A was the themal conductivity coefficient of
laser crystal ¢ (x y z) was the heat power density

in laser crystal which was described as

G252
=Mhe " W e (5)
where 7l was the themal conversion coefficient which
decided by the effect and
intemally loss of laser crystal And 1 =1—X /X,

here A was the wavelength of diode laser A, was the

q(x y 2)

fluorescent quantum

lasing wavelength in cavity
According to the boundary condition Eq (3), a
general analytical expression of Eq (4) was given by

co oo oo

T mT I

u(x y 2 _zva“m]%mn xsin—— ycos— z  (6)
n=In =11=0 a b c
W here the coefficient A, was
SLB(:U(l*e rir"cos It )
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W hen laser in operation. laser crystal will have a
stable temperature gradient distribution. which themal
The themal
expansion of dz slice in laser crystal was given by

dP(x y 2 Ta u(x y z)dz (8

Here o, was the themal expansion coefficient of laser

equilibrium temperature was u(x vy 2)-

crystal

Since the heat source located pump-end of laser
crystal it can be assumed that the other end had not
any themal defomationr So the themal defomation ©
(% y z) of rectangle laser crystal was expressed as

.. nT . mT

jsin—— xsin =y

a

(s yn—a XS4 :

Ap=Im=11=0 ™
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2 Tenperature field and them al

defom ation of Nd-doped laser crystal

2.1 Tenperature field and them al defom ation of
Nd*® YVO, crystal by center-end -pum ped

Nd® YVO, crystal has been often used n diode
laser end pumped lasers because of its large stmulated
em ission cross section at lasing wavelength and high
absorption over a wide pumping wavelength bandw id th-
the other
of laser crystal the themal
YVO, crystal is o 10

Ignored the influence of temperature to
physical characteristic
conductivity coefficient of Nd *
W /m /K. the themal expansion
direction 4 43 X 10" K. Depended on Ref [ 127,

the absorption coefficient of 0. 5% Nd-doped Nd '}

coefficient at z
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YVO, crystal is 14 8 a Fig 2 and Fig 3 show the
temperature field distribution and themal defom ation
of accut Nd* YVO, crystal (6 X3 X3 mm’) when the
pump power was 10W and the spot diameter of pump
light was 0. 4 mm.

Fig 2 shows when the pump powerwas 10 W, the

maximal relative temperature rise of Nd* YVO, crystal
was 231 2C.

Relative temperature/(a.u.)

Fig 2 Three-dinensional temperature field of Nd* YVO,

crystal center-end pumped by diode laser

-
g R
i .
s,

Fig 3 Three-dinensional themal defomation of Nd* YVO,
crystal center-end pumped by diode laser

In Fig 3,

was 10 W,

face center was L. 81 #m. Compared with Ref [ 97,

it is shown that when the pump power

the maximal themal defom ation of pump-

tem perature field distribution and themal defom ation
of Nd* YVO, crystal by the analytical method was
agreed with the finite-element analysis It was known
that in the numerical solution different calculation
results will be got if selected different step ndex The
analytical solution will not produce any calculation
error
2.2 Temperature field and them al deform ation
of Nd? YVO, crystal by eccentricend -pum ped

A's there was no standarnd criterion to indicate the
pump spot lying on the center of endface the coating-

face.unavoidable themal damaged. , it was necessary to

investigate the temperature field and themal
defom ation of laser crystal eccentricend pumped At
the same pump condition with Fig 2 and 3, Fig 4 and
5 show the temperature field distribution and themal
defomation of accut Nd* YVO, crystal eccentric end-
pumped by diode lases which the coordinate of pump

point was (b/3, ¢/2).

300 F:"m_‘ : >

200 o e

100 ¢

Relative temperature/(a.u.)

Fig 4 Three-dinensional temperature field of Nd* YVO,
crystal eccentric-end pum ped by diode laser

Fig 4 shows when the pump powerwas 1OW, the
maxinal relative temperature rise of Nd* YVO, crystal
was 225. 7C, which the maximal relative temperature
rise decreased by 2. 4% .

Fig 5 shows when the pump power was LOW, the
maximal themal defomation of Nd* YVO, crystal was
L 74 tPm, which the maxinal themal defom ation

decreased by 4% .

plum

Fig 5 Three-dinensional themal defomation of Nd* YVO,
crystal eccen tric-end pum ped by diode laser

From this we can see that it is mportant to select
the size of laser crystal The proper eccentric end-
punping can not only decrease whole temperature rise
and themal defomation of laser crystal but also
mmprove the utilized efficiency of laser m ed um-
2.3 Them al deform ation of several kind of Nd-
doped laser crystals

At present most DPSSL. were invented by Nd-
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doped laser crystals such as Nd ° YAG, Nd*
Gdvo,"™. Nd * KGW''. Nd ¢ YLF''. An
attractive feature of these crystals was higher laser

radiationn which was an advantage when a nonlinear

crystal for second-hamonic generation was used- Table
1 shows some specialty parameters of Nd-doped laser

crystals

Table 1 Specialty param eters of Nd-doped laser crystals in all-solid-state lasers

Neo C rystal/s Nd-iondoped Absomption coefficient  Themal conductivity/ Themal Expansion
mane concen tra tion /0 Jem W oem 'K coefficient/10 K !
1 Nd: YAG 11 9. 10 0. 140 7. 80
2 Nd® YVO, 0.5 14. 8 0. 051 4. 43
3 Nd* GdVO, L0 74. 0 0. 117 1. 50
4 Nd* KGW 8.0 36. 0 0. 026 8. 50
B) Nd: YLF 1.0 4. 50 0. 06 13. 0

In Fig 6 (a), it is showm that when the pump
power was 20W, the spot diameter of pump light was
0. 4 mm, the themal defomation of Nd* KGW was
17.0 Pm, the Nd* YLF crystal was 10. 51 #m, the
Nd? YAG crystal was 2. 88 #m and the Nd? GdVO,
crystal was 0. 67 Mm. Fig 6 (b) shows that when the
pumped point was ( b/3  ¢/2), the themal
defomation of Nd*® KGW crystal had 16. 34 Pm, the
Nd: YLF crystal was 10. 10 #m, the Nd* YAG
crystal was 2. 77 "m and the Nd? GdVO, crystal was

0. 64 m.
175
150 Nd:KGW
125
E 100 Nd:YLF
75 \\
50 Nd:YVO,
25 Nd:YAG
0 Nd:GdVO,
05 10 15 20 25 30
x/mm
(2) Thermal deformation of Nd-doped laser crystals
by center end-pumped
175
150 Nd:KGW
125
E 100 Nd:YLF
3 75 \\\
50 Nd:YVO,
25 Nd:YAG
0 Nd:GdVO,
05 10 | K] 20 25 30
x/mm
(b)Thermal deformationof Nd-dopedlaser crystals
byeccentric end-pumped

Fig 6 Themal defom ation of Nd-doped laser crystals

by diode laser
Fron Fig 6. it is known that the themal
defomations of Nd-doped laser crystals were all

decreased by the eccentric-end -pum ped-

3 Conclusions

The themal defomation of laser crystal was an

important subject in. the design of DPSSL system- For

laser crystal has anisotropy in the themal conductivity

this would induce different themal defom ation- Since

the anisotropic 3D themal conduction equations were

difficult to solve the finite-element analysis (FE) was

obtained In this papes based on the Poisson

equation, the analytical solution of themal defom ation

of rectangle laser crystal was obtained And themal

defomation inflienced by diode laser eccentric end-

pumped was investigated The themal defomation of

laser crystal by eccentricpunped will supply an

expermental instruct for solving themal effect of laser

crystal and mproving the perfomance of all-solid state

lasers
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