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Abstract- In this article, we present a specific 
shape of disk laser which is side-pumped by 
four non-symmetric hollow- ducts. The use of 
non-symmetric hollow duct based on two goals 
of the uniformity of the pump light distribution 
profile and the homogeneity of pump light 
profile through the disk. First of all we 
simulated the pump light distribution in the 
disk by using Monte-Carlo ray tracing method. 
Then, by using finite element analysis (FEA) 
method, we calculated the absorbed pump light 
distribution through the disk for 12%, 14% and 
20% concentration of Yb+3 ions. Finally, the 
results of calculation have been presented.  
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I. INTRODUCTION 
One of the important properties of YAG 
crystal as a mean of the active medium of solid 
state lasers is its excellent thermal conductivity 
comparing with the other crystalline [1]. The 
ion of Yb+3 has been a promising candidate for 
high-power laser–diode (LD)-pumped solid 
state lasers [2,3]. High output power lasers 
based on Yb:YAG have been achieved with 
high efficiency by using different laser cavity 
configurations, such as end-pumped microchip 
lasers, side–pumped and edge-pumped laser 
systems [4-6]. Yb:YAG as a quasi-three-level 
laser medium, has attracted a great amount of 
applications in micro-welding and laser 
industrial cutting preciously with high beam 
quality [7-8].The main disadvantage of 
ytterbium-doped material is their quasi- four 

level nature caused by the thermal population 
of terminated lasing level [9]. This effect 
becomes worse at high temperature induced 
from the heat generated by the absorbed pump 
power inside the Yb:YAG crystal. The thermal 
conductivity of Yb:YAG decreases and the 
thermal loading parameter increases with 
increasing ytterbium concentration. In 
addition, there is strong emission quenching, 
which is attributed to uncontrolled impurities 
during crystal growth. These concentration 
dependent thermal properties of Yb:YAG have 
great unwanted effects on the laser 
performance of side–pumped Yb:YAG disk 
laser. The thermal conductivity, thermal 
expansion coefficient, and thermal loading of 
Yb:YAG crystals related to the temperature, 
temperature rise induced by the pump power 
deposited on the gain medium are critical 
factor to be considered in the laser 
performance of side-pumped Yb:YAG high 
power disk laser. So, different value of Yb+3 
ions concentration in the active medium have 
an effect directly on the final uniformity and 
the final homogeneity of the absorbed 
distribution profile through the gain medium. 
In this paper, we focus on the uniformity and 
the homogeneity of pump light distribution 
through the disk. In Section I, we simulated 
the pump light distribution in the disk by using 
Monte-Carlo ray tracing method. In Section II, 
we used finite element analysis (FEA) method 
to calculate the pump light absorbed 
distribution through the disk in 12%, 14% and 
20% concentration of Yb+3 ion. In Section III, 
the consequence results of our piece of work 
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have been presented and the paper is 
concluded in Section IV. 

II. MODELING OF IRRADIANCE 
DISTRIBUTION PROFILE 

Improving of new geometric structure of 
devices used to increase the irradiance of 
diode laser radiation for pumping solid-state 
lasers have attracted especial attention 
recently. Requiring homogeneity pumping of 
the side-pumped gain medium with inclined 
sides that is improved in order to obtain better 
pumping by increasing the entrance area of the 
gain medium on the one hand and uniform 
distribution of it by homogenizing the pump 
light on the other hand, encourages us to 
achieve a good beam shaping of the pump 
profile and high output power corresponding 
to the specific geometry of the gain medium 
which is illustrated in Fig. 1. 

 
Fig. 1: Schematic view of Yb:YAG disk laser with 
four non-symmetric hollow ducts of side-pumped 
configuration.  

TABLE 1 THE PARAMETRIC OF THE GAIN MEDIUM USED IN OUR 
MODELING. 

Parameters Units Value 
Doped region μm 200 Crystal 

Thickness Undoped region mm 1.3 
Length of crystal mm 8 
Width of crystal mm 8 
Inclined side of crystal degree 30 
Pump wavelength nm 941 
Material of disk # Yb:YAG 
Power of LD W 500 
Coolant Temperature °K 300 

 
As shown in Table 1, in this work, model 
parameters are obtained from our previous 
paper [10]. A thin disk with slanted edges is 
pumped with a maximum pump power Pp=2 

kW by use of four stacked diode lasers set at 
941 nm. Top view of thin-disk active media is 
a 8mm×8mm square and thickness of 0.2 mm. 
Its edges are cut at 30° with respect to the floor 
and Yb/YAG active medium is bonded on a 
1.3 mm thick YAG top layer to act as a 
covering cap to reduce amplified spontaneous 
emission effect and deformation. Dopant 
concentrations of disk are used in different 
value of 12%-, 14%- and 20%-atom. The 
parameters of the gain medium which are 
coupled to the non-symmetric hollow-duct for 
side-pumped are described in Table 1. 

(a) 

(b) 
Fig 2. a) Irradiance distribution of the pump 
light profile through the disk, b) Contour profile 
of pump light irradiance which is indicated the 
homogeneity of pump light distribution in the 
center of the disk 

Using of those types of non-symmetric hollow 
ducts in our work have an important role in 
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order to obtaining uniform and homogeneity of 
pump light distribution of edged pumped high 
power disk laser. Regarding the optical 
configuration of our work which is illustrated 
in Fig. 1, we simulated the irradiance profile 
with the goals of uniformity and homogeneity 
of pumped light through the active medium by 
using simple ray tracing method. Final 
irradiance profiles in the thin disk medium by 
using four non-symmetric hollow ducts are 
shown in Figs. 2(a) and 2(b). Every incoming 
ray which is incident from the entrance slanted 
faces of non symmetric hollow ducts into the 
disk edges has a fraction of diode pump power 
at the pump wavelength (941 nm) with 3 nm 
spectral width. The modeling would be based 
on both random positions on the edge surfaces 
of thin disk and random moving direction 
consist of calculated angle of ray tracing 
through the active medium. In Fig. 2(b), we 
illustrated the intensity contour profile of side-
pumped with its legend which is indicated the 
homogeneity of pump light distribution in the 
center of the active medium.  

III. MODELING OF ABSORPTION PUMP 
LIGHT DISTRIBUTION PROFILE 

Thermal population has deleterious effects on 
the resonant reabsorption of laser emission by 
the thermally populated terminated laser level 
[9]. The effect becomes worse at high 
temperature induced from the heat generated 
by the absorbed pump power inside the 
Yb:YAG crystal. In addition, the thermal 
population still depends strongly on the 
concentration of Yb+3 lasants in YAG crystal. 
The thermal conductivity of YAG decreases 
and the thermal loading parameter increases 
with increasing ytterbium concentration. 
Furthermore, there is strong emission 
quenching, which is attributed to uncontrolled 
impurities during crystal growth. These 
concentration dependent thermal properties of 
Yb:YAG have great unwanted effects on the 
laser performance of Yb:YAG disk lasers at 
ambient temperature without sufficient active 
cooling system. The thermal conductivity, 
thermal expansion coefficient, and thermal 
loading of Yb:YAG crystals related to the 
temperature, temperature rise induced by 

pump power deposited on the gain medium are 
an important factors to be considered in the 
laser performance of Yb:YAG disk laser. Also, 
temperature has a great impact on the emission 
peak cross section of Yb:YAG crystals [11]. 
So, those mentioned effects would lead to the 
fraction of the gain medium due to the high 
temperature loading. In the following step, we 
calculated absorbed pump power density in the 
active medium by the means of Random 
Monte-Carlo ray tracing method. The first step 
in the modeling could be defined as the 
recognition of the simple optical ray tracing 
method as respect to the specific shape of the 
gain medium. The intensity of random rays 
would be exponentially damped through the 
disk as [12]: 

( ) ( ) ( )0 expI v I v v Lα⎡ ⎤= −⎣ ⎦  (1) 

Equation (1), indicates that the intensity 
depends on the path length of the ray through 
the gain medium. Therefore, some of pump 
power absorbed in the active medium, it can 
be called the absorption efficiency of the 
system, and the rest of the pump power is lost 
by thermal losses from the active medium. The 
next step would be meshing of the disk to the 
cubic elements with the same volumes for the 
upper and the bottom surfaces of the disk and 
the triangular elements with tiny dimensions 
for the slanted faces of the active medium. 
Each ray is specified by the random position 
on the slanted faces of the disk and hence, the 
ray path could be determined and the elements 
which have been passed would be 
distinguished from the others. We have used 
Monte- Carlo ray tracing approach with 
photon randomly emitted from the pump 
source to the disk faces. A passing photon is 
absorbed randomly in one of the element that 
passes in its way through the crystal. In our 
calculation we have used rays regarding that 
each element in the way of a passing ray 
obtains a fraction of the total energy. The 
absorption coefficient for pump radiation in 
active medium is given by [13]: 

( ) ( )0 1 2l u abs Ybf f p Nα σ= +  (2) 
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where fl1 and fu2 are pump 2
7
2

F  and 2
5
2

F  stark 

level Boltzmann occupation factor, 
respectively, absσ  is the absorption cross 
section, NYb is the density of laser active ions. 
From the Eqs.2, one could easily realize that 
NYb refers to the Yb+3 ions concentration of the 
thin disk laser active medium. It is clearly 
indicate that the linear relationship between 
NYb and α . Although in Eqs. 1 we have also 

absσ , but the relationship of absσ  with the Yb+3 
ions concentration is ignored in our piece of 
work. 

Then, the absorption efficiency in the active 
medium is derived by: 

The number of absorbed photons whithin theactive medium
The total number of injected photons

η =  

and in addition, the loss of the system is given 
by: 

The number of absorbed photons whithin theactive medium
The total number of injected photons

The number of exited photons from theactive medium.....
The total number of injected photons

γ =

+
(3) 

or abs exiγ γ γ= + , where absγ , is absorbed pump 
power inside the active medium and exiγ  is the 
exited pump power. 

The absorbed pump power distribution is 
carried out through in three steps as follows:  

1) Calculation of pump light distribution 
through the disk by using Random Monte-
Carlo ray tracing method by using Math-lab 
numerical software, 2) Solution of the 3D 
differential equations of heat conduction, and 
3) Solution of the differential equation of 
structural deformation through the active 
medium. 

As shown in Fig. 3, the absorbed pump power 
distribution in two sides of the disk. It is clear 
that the absorbed pump power density profiles 
in X-direction and Y-direction are 
approximately similar to each other and have a 
uniform profile. Absorbed pump power 
density has a peak around the center of the 
disk and has its value in X-direction and Y-

direction is 3279W mm  and 3287W mm , 
respectively.  

Then, we calculated the absorbed energy of 
each photon by using finite element analysis 
(FEA) method by using LASer Cavity 
Analysis and Design (LAS-CAD) software 
[14]. 

In the following step, due to the random 
propagation of the rays through the active 
medium in different meshes in the thin–disk, 
we assume that each meshes absorbed a part of 
total energy of photons during the propagation 
of rays through the disk. We have done this 
calculation of absorbed energy for different 
Yb+3 ions concentrations which are shown in 
Figs. 4(a, b, c). 

 

(a) 

 

(b) 
Fig. 3. Absorbed pump power distribution in two 
sides of the disk. a) Absorbed pump power density 
profile in X-direction. b) Absorbed pump power 
density profile in Y-direction. These are 
approximately similar to each other and have a 
Gaussian profile. 
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(a) 

 

 
(b) 

 

 
(c) 

Fig 4. Absorbed pump light distribution profiles 
with their contour profiles of different Yb+3 ions 
concentration, a) 12% Yb+3 atom, b) 14% Yb+3 atom 
and c) 20% Yb+3 atom, respectively. 

As shown in Fig. 4(a), according to the 
absorption distribution profile in 12% Yb+3 
ions concentration with total pump power ( )pP  
of 2KW, we obtained total absorption 
efficiency of 72%. By increasing Yb+3 
concentrations from 12% to 14%, we obtained 
76% of absorption efficiency at the similar 
conditions of cooling and other parameter of 
our configuration which is illustrated in 
Fig. 4(b). 

In addition, we extended our calculation to 
high Yb+3 ions concentration to 20% which is 
in fact under the damage threshold of Yb 
crystal due to the thermo-mechanical 
properties of Yb:YAG crystal. For the last 
construction we obtained 84% of absorption 
efficiency which is depicted in Fig. 4(c). By 
comparison of the 3D diagrams and their 
contours profiles in Figs. 4(a, b, c), one would 
realized an increasing of absorption efficiency 
about 12% due to increase of Yb+3 ions 
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concentration from 12% to 20%. We have 
done also 2D comparison of absorbed pump 
light distribution in different Yb+3 
concentrations which the result is pictured in 
Fig. 5. 

Finally, as shown in Fig. 5, we obtained an 
increase of absorption efficiency by neither 
increasing Yb+3 ions concentration in our 
work, but we should neither ignore the 
uniformity nor the homogeneity of the 
absorbed pump light distribution within the 
disk.  

 
Fig 5. 2D comparison of absorbed pump light 
distribution through the disk for 12, 14 and 20 % of 
Yb3+ ions concentration , respectively. 

From Fig. 5, we could realize that in one hand 
high absorption efficiency in edged-pumped 
Yb:YAG/YAG disk laser is critical fact and on 
the other hand the uniformity and homogeneity 
of absorbed pump light distribution have also 
important influence on the consequence 
calculation of the thin disk efficiency. As we 
shown in this article, by choosing the best 
Yb3+ ions concentration, we could obtain the 
goals of the uniformity and homogeneity of 
absorbed pump light distribution with high 
absorption efficiency through the disk. Those 
two last critical goals are important factors to 
designing an optimum laser resonators cavity 
to obtaining high output power with high beam 
quality (M2) output at the same time. In our 
investigation, we obtained high absorption 
efficiency with appropriate absorbed 
distribution profile by choosing 14% Yb+3 ions 
concentration. 

IV. CONCLUSION 
We have done the calculation of absorbed 
pump light distribution for the specific 
construction of edged-pumped Yb:YAG/YAG 
high power disk laser in different value of 
Yb+3 ions concentration. First, we simulated 
irradiance pump light distribution through the 
disk by using Monte-Carlo ray tracing method. 
Second, Absorption pump light distribution 
have been calculated via FEA method for 
12%, 14% and 20% of Yb+3 ions 
concentrations. The results show that by 
increasing of Yb+3 ions concentration over 
14%, will influence of non-uniformity of 
absorbed pump light distribution in one hand 
and in addition absorption length through the 
disk also will decrease. However by choosing 
a suitable dimension of the active medium and 
appropriate cooling system, those loss effects 
will be eliminated and will improve the 
efficiency of the delivery laser system.  
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