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Diode Pumped Solid-State Laser
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Diode Pumped Solid-State Lasers
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The pump con�guration in�uences

the shape of the modes by thermal lensing and

the gain of the modes by rate equations.
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Temperature of the Laser Crystal

div � (T) grad T = f on 
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Deformation and Stress of the Laser Crystal

� ij =
1
2

�
@ui
@xj

+
@uj
@xi

�

(� ij ) = ( � x ; � y; � z; 0; 0)(T � T0) + C � 1(� ij )

0 = div(� ij ):
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Simulation of the Optical Wave

suitable FE-discretization

Gauss-mode analysis,
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Scalar Rate Equations

@N
@t

= � 
Nn�c �
N + Ntot (
 � 1)

� f
+ Rp(Ntot � N )

@n
@t

= Nn�c �
n
� c

+ S

N : population
inversion
N = N2 � N1.

n: photon
density
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Photon Density of Several Modes

Let us assume that the optical wave E consists of
several modes (Gauss modes or FE modes) E i ; i = 1 ; :::; M :

E(t; x; y; z ) =
MX

i =1

� i (t)E i (t; x; y; z );

where the modes are normalized such that
Z



E i d(x; y; z) = 1 :

We assume that the total photon density is (incoherent modes) :

n(t; x; y; z ) =
MX

i =1

ni (t; x; y; z ); where

ni (t; x; y; z ) =
�

2~!
� i (t)jE i (x; y; z)j2; where � i (t) = j� i j2(t):
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Rate Equations of Several Modes

Each mode satis�es the rate equation. Thus, for i = 1 ; :::; M , we get

@� i

@t
= � i

Z



N jE i j2 d(x; y; z) �c �

� i

� c
+

2~!
�

Z



S d(x; y; z)

The rate equation of the population inversion is:

@N(t; x; y; z )
@t

= � 
N�c
�

2~!

MX

i =1

� i (t)jE i j2

�
N + N tot (
 � 1)

� f
+ Rp(N tot � N ):

Discretization of these ODE's:

stable implicit / explicit (Euler) method.

�nite volume discretization of N !
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Finite Volume Discretization

Let us approximate N and Rp on a
grid 
 h of mesh sizes hx , hy , hz .

@� i

@t
= � i

0

@
X

p2 
 h

h2
xy hz Np jE i (p)j2

1

A �c �
� i

� c
+

2~! i

�

Z



S d(x; y; z);

@Np

@t
= � 
N p�c

MX

i =1

�
2~! i

� i jE i (p)j2
Np + N tot (
 � 1)

� f
+ Rp(p)(N tot � Np);

We obtain a solution vector (� s
i ) i =1 ;:::;M ; (N s

p )p2 
 h for every time step s.
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Numerical Result for Two Gauss Modes

Resonator with L = 1 cm and the radius R = 0 :1mm.
Two mirrors with radius Rm = 6 cm.

Gauss Mode 1: TEM 00 Gauss Mode 2: LG 10

Numerical Experiment:
Two types of pumping con�gurations with
input power: 18:0W .
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Numerical Result with No Central Pumping

pump con�guration:

cw population inversion:

intensity of modes:

Red: mode 1: TEM 00
Green: mode 2: LG 10

cw output power:
TEM 00 mode: 1:2W
LG 10 mode: 4:1W
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Numerical Result with Central Pumping

pump con�guration:

cw population inversion:

intensity of modes

Red: mode 1: TEM 00
Green: mode 2: LG 10

cw output power:

TEM 00 mode: 7:6W
LG 10 mode: 2:0W . – p.13/17



Outlook

Comparison of numerical experiments and simulations.

Direct approximation of the time dependent Helmholtz
or Maxwell equation.
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Pumping Process
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Population inversion: N = N2 � N1
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Gain and Absorption

To simulate gain and absorption in the Helmholtz equation

�4 u � k2u = 0

we apply the formula

k2 = ! 2�� + i2!
p

�� (�cN � � absorption)

= ! 2�� + i2!
p

�� (�cN �
1
� c

):

where N is the population inversion.
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Time-Dependent Behavior

Using the ansatz

E(x; y; z; t ) = exp( i!t )(E r (x; y; z; t ) + E l (x; y; z; t ))

we obtain

��
@2ur

@t2
+ i��!

@ur
@t

= � ur � 2ik f
@ur
@z

� (k2
f � k2)ur ;

��
@2ul

@t2
+ i��!

@ul
@t

= � ul + 2 ik f
@ul
@z

� (k2
f � k2)ul ;

@N
@t

= � 
Nn�c �
N + N tot (
 � 1)

� f
+ Rp(N tot � N )

k2 = ! 2�� + i!
p

�� (�N �
1
� c

)

n =
�

2~!
jE j2

jE j2 = jur j2 + jul j2:
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