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Bulk Crystal Growth of 
Optical Materials

• CaF2 Crystals for Lenses in 
DUV Microlithography
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Applications
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Indium-Diselenide (CIS) 
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• Process and Defect Models
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• Advanced Mathematical or 

Numerical Methods
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Alloy Solidification
• Licensing of Software 

Products
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Wide Band Gap 
Semiconductors

• Solution Growth of GaN for 
Lasers, LEDs and UMTS
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• Low Defect GaAs and InP for 
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Crystal growth processes 
provide basic materials for 
many applications. The 
research and development of 
crystal growth processes is 
driven by the demands which 
come from the specific 
applications; but in common 
there is a need for an increase 
of crystal dimensions, improved 
uniformity of the relevant crystal 
properties in the micro- and 
macroscale and materials with 
new properties. 
 
Therefore, the focal area of 
research of the Crystal Growth 
Laboratory (CGL) is to develop 
– in close collaboration with 
industry - equipment and 
processes for the production of 
bulk crystals and thin films in 
order to meet the increasing 
requirements on crystal quality 
and cost reduction. 
 
The strategy of CGL is to 
optimize the crystal growth 
processing by a combined use 
of experimental process 

analysis and computer 
modeling. These activities are 
based on a suitable 
experimental infrastructure and 
on highly efficient user friendly 
simulation programs named 
CrysVUn, CrysMAS and 
STHAMAS3D. These computer 
codes, which are continuously 
further developed, are used for 
and by the industrial partners to 
develop crystal growth 
equipment and processes. 
 
CGL was founded at the 
Department of Materials 
Science of the University of 
Erlangen - Nuremberg by Prof. 
Dr. Georg Mueller in 1979. 
Since 1996 the Crystal Growth 
Laboratory has established the 
working group "Crystal Growth" 
at the Fraunhofer Institute for 
Integrated Systems and Device 
Technology (IISB) in Erlangen. 
This working group became the 
Department Crystal Growth in 
autumn 1999. 
 
Since the foundation of CGL 

more than 240 papers in 
scientific journals and 
conference proceedings have 
been published. Furthermore, 
CGL has educated a lot of 
experts in this field. 117 "Study" 
theses, 86 diploma theses and 
36 PhD theses may serve as a 
reference for this. 
 
More than 90% of funding of 
CGL results from research 
contracts directly with industrial 
partners and with the German 
Ministry for Research and 
Development, the Bavarian 
Research Foundation, the 
Bavarian Government, the 
German Research Foundation 
(DFG). Since 1996, CGL has 
acquired almost 18 Mio. Euro 
from the different sources 
indicated above. 
 
Today, CGL consists of around 
30 highly motivated coworkers. 
They are experts in different 
fields, e.g. systems 
engineering, metrology, 
computer simulation, physics, 

 
Fig. 1: More than 1000 visitors were interested in the exhibition of CGL during the “Long 

Night of Sciences” which took place in October 2005. 
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material science, mathematics.  
 
In 2005 the Crystal Growth 
Laboratory has consolidated its 
position as word-wide 
acknowledged center of 
competence in the field of 
crystal growth. 
 
In the field of manufacturing of 
GaN-substrates from metallic 
solutions under ambient 
pressure conditions it could be 
shown that the defect densities 
in the material grown by this 
method is at least a factor 10 
less the values reported for 
material with comparable 
thickness which was produced 
from the vapor phase.  
 
The CGL researcher Stephan 
Hussy who is responsible for 
the development of the crystal 
growth process within the GaN-
team of CGL was honored for 
his contributions with the 
research award for young 
scientist from the German 
crystal growth association 

DGKK. 
 
In the field of microgravity 
research the simulation model 
developed by CGL could deliver 
valuable knowledge about the 
influence of convection on the 
microstructure during 
solidification of technical alloys 
under microgravity and 
terrestric conditions.  
 
Main contributions to this model 
come from the former CGL 
researcher Dr. Marc Hainke, 
who was honored for his 
doctoral thesis made at CGL 
with the promotion award of the 
Staedtler-foundation. 
 
In the field of modeling the 
software CrysVUn, which is the 
main product of the CGL, was 
tailored further in order fulfill the 
needs of the customers with 
respect to easier usage and 
more efficient computation of 
fluid problems.  
 
Dr. Bernd Fischer and Dr. 

Jochen Friedrich were awarded 
with the VDE/VDI-GMM Award 
2005 for their review about the 
current state of the art in 
modeling of crystal growth and 
their pathbreaking outlook on 
the usage of innovative 
mathematical optimization 
techniques in this area. 
 
Last but not least several 
invited talks during international 
conferences as well as the 
collaboration in different 
national and international 
expert panels in the field of 
crystal growth have contributed 
to strengthen the international 
reputation of CGL. 
 
The department works closely 
with research institutions and 
maintains national but also 
international co-operations to 
industry. 

 
Fig. 1: Dr. Bernd Fischer (left) and Dr. Jochen Friedrich (right) were awarded with the 

VDE/VDI-GMM Award 2005. 
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The progress in the 
communication technique is to 
a large extent based on the 
availability of new materials 
with special optical- and 
electrical properties. 
 
In the opto- and power 
electronics sector mainly 
compound semiconductors are 
being used. Since some years 
one can observe a remarkable 
high research activity in the 
field of the so called wide band 
gap semiconductors like GaN. 
 
Also in Germany this research 
direction is continuously 
intensified, to a large extend 
due to the support of the BMBF. 
The actual research programs 
thereby support the 
developments in the area of 
device fabrication as well as the 
production of the GaN substrate 
crystals which are necessary 
for homoepitaxy purposes. 
 
Although there is still no GaN 
crystal of technical relevant 

dimension in sight, one can 
notice a substantial progress in 
the development of the so 
called quasisubstrates with 
lower defect density.  
 
Since the last years there was 
an intensive ongoing research 
work, in the frame of a BMBF 
project (FKz. 01BM158) at 
CGL, dedicated to the crystal 
growth of GaN. After the 
successful closure of the first 
project in 2004 it was possible 
to continue the research work 
on the crystal growth of GaN 
through the last year with a 
subsequent project supported 
by the BMBF under contract 
No. 01BM580.  
 
The work is still focussed on a 
growth process, with which it is 
possible to grow GaN from a 
solution at room pressure and 
temperatures below 1100°C. 
With the so called low pressure 
solution growth technique 
(LPSG), developed at CGL, it is 
possible to grow 2" GaN layers 

on sapphire (Fig. 1) with an 
explicitly lower dislocation 
density compared to 
conventional MOCVD material. 
 
This reduction of the dislocation 
density can be characterized by 
applying special imaging 
techniques by means of 
transmission electron 
microscopy (TEM). With the so 
called weak beam imaging 
method - a special dark field 
imaging technique- the single 
dislocation lines can be 
displayed as bright lines in the 
material (fig. 2). Through 
detailed TEM studies and 
analysis of the microstructure 
during the last year, it was 
possible to gain a first idea for 
the explanation of the 
mechanism responsible for the 
observed reduction of the 
dislocation density in the LPSG 
material.  
 
The TEM observations revealed 
that a reaction takes place 
between dislocations at or 

 
Fig. 1: 2" GaN on sapphire with a MOCVD seeding layer, grown with the low pressure solution 

growth method (LPSG). 
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within a short distance from the 
interface between the used 
seed layer and the LPSG GaN 
grown on top of it. Mainly 
dislocations with an a-burgers 
vector or mixed type 
dislocations can be annihilated 
by bent-off and recombination 
with a dislocation bending in the 
opposite direction, with the 
result that the total number of 
dislocations is reduced in the 
LPSG GaN layer. 
 
The initial growth state of the 
LPSG GaN on the offered seed 
seems to be an important factor 
which contributes to the bent-off 
of the observed dislocation 
lines. During the early stage of 
the growth, facetted growth 
islands are developing on the 
surface of the seed. The 
dislocations tend to grow 
towards the facet's surfaces 
and therefore bent-off in the 
direction to the facet. The 
bending of the dislocations is a 
prerequisite for a subsequent 
recombination. If it is not 
possible for a dislocation to 

change its direction it will grow 
on into the LPSG layer. 
According to the proposed 
model no more dislocation 
reduction is possible as soon as 
lateral coalescence of the 
growth islands is attained. 
However, after this model the 
reaction of the dislocations and 
whether a reduction is obtained 
could strongly depend on the 
microstructure of the offered 
seed. 
 
As a consequence the ongoing 
research work will strongly 
focus on the clarification of the 
growth mechanism especially in 
the early growth stages of the 
solution growth process, in 
order to gain a deeper 
understanding of the growth 
process and the development 
of the microstructure of the 
LPSG GaN material. 
 
 
 
 
 

LPSG GaN 

MOCVD seed layer 
 

Fig.2: TEM weak beam image of the interface region between LPSG and the MOCVD 
seeding layer. The dislocations are visible as white lines. The position of the interface 

between LPSG GaN and the seeding layer is marked by black arrows. 
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Contrary to silicon where 
dislocation-free crystals are 
state of the art since the 
introduction of Dash’s necking 
procedure, completely 
dislocation-free III/V-materials 
are not yet available. As 
dislocations reduce the lifetime 
and degrade the performance 
of electronic and optoelectronic 
devices, the dislocation density 
– usually determined as etch pit 
density (EPD) – is an important 
measure of the structural 
quality of III/V-semiconductors. 
The EPD found in a certain 
crystal strongly depends on the 
growth technique especially the 
level of thermal stress during 
growth as well as on the doping 
species and its concentration.  
 
The traditional industrial growth 
process for GaAs and InP is the 
liquid encapsulated Czochralski 
(LEC) process. Although this 
technique was very successful 
and became dominating, it has 
one severe disadvantage. 
Crystals are growing under the 
action of a high thermal stress 
due to the relatively high 
temperature gradients and non-
linear temperature distributions. 
This disadvantage leads to 
EPD values of LEC-grown 
GaAs and InP crystals in the 
range of 104–106 cm–2.  
 
A real break-through was 
achieved in the late 80ties 
when the vertical gradient 
freeze (VGF) technique has 
been developed. In the 
following period it was possible 
to improve the VGF growth 
conditions continuously with 
respect to a decreased thermal 
stress, especially by a rigorous 
application of modeling and 
process simulation tools. 
Recently it was demonstrated 
that the stress related 60° 
dislocations could be reduced 

down to numbers below an 
EPD < 100 cm–2. 
 
Especially the combination of 
the VGF-growth technique with 
the lattice hardening effect of 
the dopant silicon allowed the 
preparation of GaAs crystals 
with diameters of 4 inch and 
larger and EPDs significantly 
below 100 cm–2. 
 
The optimization of the thermal 
conditions in Bridgman-type 
crystal growth of GaAs and InP 
with respect to low thermal 
stress conditions by using 
numerical simulation results 
mainly in a reduction of the 
dominant type of dislocations, 
the so-called 60°-dislocations 
with curved line vectors [48].  
In crystals with very low 
dislocation densities less than 
1000 cm–2 the 60°-dislocations 
are not the dominant type 
anymore. Further types of 

dislocations like 45°-, 60°-, 30°-
, screw and edge-dislocations 
are detected.  
 
Although, the growth of GaAs 
and InP crystals by the VGF – 
technique with very low 
dislocation densities is 
demonstrated, there remains 
still a challenging problem to be 
solved for InP: The reproducible 
avoidance of twin formation. 
 
A basic prerequisite to minimize 
the probability of twin formation 
is the reduction of harmful 
temperature fluctuations which 
might be caused from the 
turbulent gas convection. The 
strategy for solving this task 
consist of a variety of individual 
actions such as reduction of 
gas filled cavities in the furnace, 
the usage of coated insulation 
parts and non porous foils 
which act as convection 
barriers, positioning of the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: X-ray topograms of vertical sections trough a S-doped 2” InP 
crystal grown in a flat bottom crucible  
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control thermocouples inside 
massive, almost isothermal 
solid parts with large heat 
capacity. 
 
A further topic is the 
optimization of the heat 
transport via the crucible 
support. In order to control the 
formation of the defects in the 
lower part of the crucible, the 
crucible support on which the 
actual crucible is positioned 
plays an important role. It has 
to be constructed in such way 
that stable thermal conditions 
are present with a heat flux 
mainly in the axial direction. 
 
A further topic is the shape of 
the crucible itself. Typically a 
conical shape crucible is used. 
However, the application of a 
conical shaped crucible has a 
major drawback. From Hurle’s 
theory and from experimental 
observations it is known that 
occurrence of edge facets on 
the growth interface at the 
crystal periphery which reach 
the three phase boundary is a 
necessary condition for twin 
formation. If the angle between 
the facet and the crucible wall 
exceeds a critical value νcrit, 
then twin formation should be 
avoided under such conditions. 
In principle the angle ν can be 
controlled by the cone angle φ 
of the crucible.  
 
For InP it was shown that the 
usage of a flat bottom crucible 
(φ=180°) reduces the twin 
formation. However, from an 
industrial point of view the 
usage of the flat bottom crucible 
has severe drawbacks: It 
requires the application of a 
very expensive seed with high 
structural perfection, the 
advantage of reducing the 
dislocation density during 

outgrowth in the seed channel 
gets lost, and the seeding must 
be more precisely controlled in 
terms of low thermal stress 
conditions. 
 
On the other hand, a crucible 
with a cone angle of 160° 
should allow to grow InP 
crystals under conditions where 
the twin formation is reduced. It 
is confirmed by experimental 
growth runs, that semi 
insulating twin free 4” InP 
crystals with very low 
dislocation densities can be 
grown when using such conical 
crucibles. However, the 
transition from the seed 
channel to the cone as well as 
from the conical region to the 
cylindrical part are still critical 
because here the angle ν 

changes continuously its value 
and a priori it cannot be 
avoided that ν is always greater 
than the critical angle νcrit. 
Therefore, it is not possible so 
far to avoid completely the 
formation of twins in the case of 
a conical crucible. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: IR microscope image of longitudinal cut trough a Fe-
doped 2” InP crystal grown in a conical bottom crucible  
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Chalcopyrites on the basis of 
CuInSe2 are promising light-
absorbing materials for the 
application in thin film solar 
cells and modules. Due to 
the high absorption 
coefficient of chalcopyrites 
film thicknesses of about 1.5 
µm are sufficient to fully 
absorb the suns´ light. 
Furthermore, CuInSe2 can be 
alloyed with Ga, Al and S. 
This offers the possibility of 
bandgap engineering. Thus, 
the optical and electronical 
properties of the solar cells 
can be designed to optimize 
the solar cells conversion 
efficiency. 
 
Recently thin film modules 
with a record conversion 
efficiency of over 13 % on 
areas of 60 x 90 cm² and 
power outputs of about 60 W 
peak per module have been 
presented. This proofed that 
thin film photovoltaic (PV) 
modules on the basis of 
Cu(In,Ga)(S,Se)2 have 
reached a high level of 
performance which makes 
them competitive with 
respect to the silicon based 
technology dominating 
todays PV market. 
 
It is expected that the 
fabrication of PV modules by 
thin film technologies 
reduces significantly the 
production cost compared to 
the silicon technology. The 
material costs are 
decreased because of the 
reduced material usage. The 
production sequence is 
simplified by an integrated 
series connection and the 
thin absorber layers can be 
directly deposited on large 

glass or flexible metal and 
plastic substrates opening 
the door to various stationary 
and mobile applications. 
 
Since 1998, Shell Solar 
GmbH is the first 
manufacturer of commercial 
CIS solar modules with up to 
40 W peak power output. 
While presently more than 1 
MW of this first CIS-module 
generation have been tested 
successfully on the market, 
the expansion of this 
technology demands further 
development in three areas: 
 
1.) Reduction of the 
production cost by higher 
operational capacity of in-line 
manufacturing with modules 
larger than 1 m² and more 
than 100 W peak power 
compared to the present 
batch processes of smaller 
substrates (<0.5 m²).  
 
2.) Increased efficiency at 
maintained economic life-
time. 

 
3.) Development of cost-
saving alternative processes 
for further reduction of cost 
of material and capital. 
 
CGL has been working in the 
field of chalcopyrites for solar 
application since the 
FORSOL (Solar Energy 
Research Association) 
program which was 
established in 1995 with the 
support of a number of 
institutions throughout 
Europe. 
 
Within a joint project 
between Shell Solar GmbH, 
Atotech Deutschland GmbH, 
the Chair of Crystallography 
and Structural Physics (FAU 
Erlangen-Nürnberg) and 
CGL the project partners 
investigate alternative low 
cost deposition processes of 
the so-called precursor. The 
precursor is an intermediate 
out of which the final product, 
the semiconducting 
chalcopyrite, forms. 
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Fig. 1: Thermographs obtained by TFC showing that the CuInSe2 forming 
ractions depend on the number of InSe/CuSe bilayers. 
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This joint project is funded by 
the German Federal 
Environment Ministry 
 
Besides technological 
problems like precursor 
deposition by DC-magnetron 
sputtering or thermal 
evaporation of the 
components the focus of 
CGL’s work is on the 
investigation of the kinetics 
of the chalcopyrite forming 
processes. 
 
To achieve further insight in 
the involved chemical 
reactions during the 
semiconductor formation in-
situ methods like Thin Film 
Calorimetry (TFC), in-situ 
resistivity measurements as 
well as ex- and in-situ X-ray-
diffraction (in cooperation 
with the Chair of 
Crystallography and 
Structural Physics, FAU 
Erlangen-Nürnberg) are 
applied. 
 
In the following examples the 
reactive crystallization of 
CuInSe2 and CuGaSe2 was 
investigated by TFC and in-
situ X-ray diffraction analysis, 
respectively.  
 
In the case of CuInSe2 (Fig. 
1) samples with different 
numbers of InSe/CuSe 
layers were investigated by 
TFC. With an increasing 
number of bilayers the 
CuInSe2 formation reactions 
shift towards lower 
temperatures. Further kinetic 
analysis reveal that with an 
increasing number of layers 
phase boundary controlled 
reactions become more 
pronounced. 

 
In the case of one or two 
InSe/CuSe bilayers the 
CuInSe2 formation process is 
mainly diffusion controlled 
and therefore occures at 
higher temperatures. 
 
With the support of in-situ X-
ray diffraction analysis the 
phase content of the 
processed samples can be 
monitored time-dependently, 
such as displayed in Fig. 2. 
There it is shown that the as 
deposited Ga2Se3 layer is 
amorphous and initially 
covered with Cu2Se and 
CuSe. After some time CuSe 
transforms into Cu2Se. In the 
further course of the thermal 
processing Ga2Se3 
crystallizes whereas it is 
instantaneously consumed 
by the reaction with Cu2Se 
whereby CuGaSe2 is formed. 
 
The investigation of these 
model systems gave further 
insight in the mechanisms 
which are involved in the 
chalcopyrite forming 

reactions. The understanding 
of these processes is 
essential for the 
improvement of current and 
future absorber production 
technologies. 

 
Fig. 2: Phase development during the thermal processing of a 

Ga2Se3/Cu2Se bilayer recorded by in-situ X-ray diffraction. 
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There are several industrial 
important optical crystals 
having an extremely high 
melting point (>1800°C). 
Sapphire, vandates, garnets 
belongs to these class of 
crystals as well as the 
scintillator crystals Ce-doped 
rare – earth - silicates (LSO, 
GSO) and Ce - doped rare – 
earth - aluminates (LuAP, 
YAP).  
 
Such scintillator - materials find 
application as detectors in 
nuclear medicine, Positron – 

Emission - Tomography, but 
also in high - energy physics 
and material testing. In addition, 
they are also interesting for 
SPECT (Single - Photon 
Emission Computer 
Tomography), Gamma - 
cameras and X – ray - 
computer tomography. These 
crystal scintillators are able to 
convert high - energetic X - and 
Gamma - rays into “visible” 
light. Using photo - detectors, 
the electrical signals generated 
by the radiation will be then 
graphically displayed as 3D - 

images.  
 
In order to grow materials with 
melting points above 1800°C 
CGL has recently installed a 
new crystal growth facility. This 
growth facility (supplier Crystal 
Growing System) is made from 
modules in such a way that the 
crystal can be grown either by 
the Czochralski or by the Edge 
defined Film fed Growth (EFG) 
method. 
 
The interior set-up of the facility 
is flexible. Crucibles and shaper 

 
Fig. 1: CrysVUn-model of the hot zone of the new oxide puller which allows to grow sapphire 

ribbons by the EFG method 
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and insulation parts can be 
changed easily for growing 
different crystal geometries. 
The concept of the set-up was 
determined by numerical 
simulations performed with the 
program CrysVUn which can 
also calculate the temperature 
gradient as a function of the 
geometry of the set-up and 
heating power.  
 
From technological point of 
view the set-up allows to grow 
crystals with different shapes 

(cylinder, rectangular and 
plates) from the hot melt 
(>2000°C) in oxygen containing 
atmosphere or under vacuum 
conditions. Due to this extreme 
requirement Iridium or 
Molybdenum has to be used for 
the inductively heated crucible 
and for the shaper. For high 
temperatures, isolation can only 
be realized using ZrO2 as 
isolating material.  
 
In a first step sapphire ribbons 
with dimensions of 

40x6x30mm3 were grown in the 
new facility by the EFG method. 
Later on it is planned to grow 
also scintillator crystals by the 
EFG method. 
 
 

 
Fig.2: Sapphire ribbon grown in the new oxide puller by the EFG method: growth 
conditions: dimensions: 40x6x300mm3, growth rate: ~ 0.7mm/min, seeds: [1120]-

oriented EFG seeds, melt weight: 380g, atmosphere: Argon (500mbar static) 
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Modeling of convective 
phenomena in crystal growth 
configurations is still quite 
challenging. Today the 
standard engineering way of 
modeling uses a quasi-
stationary and axisymmetric, 
i.e. 2D global model of the 
whole crystal growth facility. 
Thereby, it has been shown 
that the block-structured 
meshes are very effective for 
convection dominated problems 
which occur for example in the 
Czochralski process.  
 
However, the disadvantage of 
such software is the conditional 
degree of automation of the 
preprocessing and the 
decreasing convergence rate 
for very complex geometries.  
 
On the other hand, software 
which is based on an 
unstructured triangulated mesh 
has been proven to be very 
powerful in terms of automation 
of the preprocessing and in 

terms of solving inverse 
problems, but less efficient for 
the treatment of convective 
phenomena. 
 
Recently, a new category of 
software, named CrysMAS, 
was developed which uses a 
combination of block-structured 
and unstructured mesh, a so-
called a hybrid mesh, in order 
to benefit from the advantages 
of both schemes.  
 
The convective regions (melts 
and gases) are overlapped with 
a second layer of the block-
structured mesh, whereas only 
unstructured grids are applied 
in all other parts (e.g. crystal, 
crucible, heaters, shields, 
insulation etc.). The kind of the 
mesh is selected automatically 
for each transport equation. 
The iteration consists of the 
staggered loop with the run of 
the SIP-solver in the inner part 
and the solution of the direct 
and inverse thermal problem on 

the global level.  
 
The hybrid approach has 
already demonstrated its 
advantages in industrial 
applications like analysis of the 
carbon transport during edge 
defined film fed growth of 
silicon octagons or the 
influence of traveling magnetic 
fields in vertical gradient freeze 
growth of semiconductors.  
 
In the past, separate 3D partial 
modeling was applied for the 
treatment of the flow in 
Czochralski melts. Therefore, 
only the boundary conditions for 
the 3D calculation are 
transferred from the global 2D 
model, but no real coupling of 
the partial 3D code and the 2D 
code was used.  
 
In a further development of the 
above mentioned hybrid 
approach it will be possible to 
have a local 3D model which is 
fully integrated and coupled to 

Fig. 1: User Graphical User Interface of CrysMAS: The elements to create the hybrid mesh are shown. 
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the global 2D model. The local 
cylindrically symmetric 3D 
domain is created by rotation of 
the block-structured mesh N 
times about the symmetry axis. 
The equations in 3D are 
formulated in cylindrical 
coordinates. The azimuthally 
and temporally averaged fields 
are evaluated from the time 
dependent 3D results. They are 
used in the 2D global quasi-
stationary model. This method 
simplifies the data exchange 
and omits the effort of the 3D 
grid generation.  
 
 
 

 
Fig.2: Calculated instantenious temperature distribution in the axial cut plane of the Si melt. The 

turbulent melt flow in the Cz setup is computed. 
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Thermal modelling of crystal 
growth processes has become 
an indispensable tool for 
industry in the last years. This 
is true for the optimization of 
the growth facilities as well as 
for the processes. The 
influence of different process 
parameters (e.g. geometry, 
heater power,…) on the 
temperature, flow and 
concentrations fields present 
during growth and thus on the 
crystal properties can be 
determined with the help of 
modelling without time and 
money consuming experimental 
studies. With 
CrysVUn/CrysMAS a tailored 
crystal growth program is 
available at CGL, which was 
developed from crystal growers 
for crystal growers to perform 
virtual crystal growth on the 
personal computer. Today 
CrysVUn/CrysMAS is used 
world-wide for the optimization 
of the crystal growth of Si, Ge, 
GaAs, InP, GaN, AlN, SiC, 
CdTe, CaF2, MgF2 and of 

oxide-crystals as well as for 
modelling of solidification 
processes in metallurgy. 
 
A typical field of application for 
numerical simulation is the 
optimization of the production of 
CdZnTe-crystals. On the single 
crystalline CdZnTe-wafer a 
HgCdTe-layer, which is 
extremely sensitive to infrared 
radiation is epitaxially grown. 
Such layer stack is the most 
used material for high 
performance infrared detectors. 
In addition to its transparency to 
infrared light an other further 
advantage of CdZnTe-
substrates is the variable lattice 
match to HgCdTe. The material 
properties of CdZnTe-
substrates such as e.g. 
impurities, dislocation density, 
inclusions and other crystal 
defects have a strong impact on 
the performance of the infrared-
detectors. In the past 
improvements of the quality of 
the detector were achieved 
mainly by tracking the 

properties of the detectors until 
the CdZnTe-substrate and its 
optimization. Thus, the 
production of the CdZnTe-
crystals is a key technology for 
infrared detectors. 
 
CdZnTe-crystals (see figure 1) 
are grown from the melt without 
using seeds in fused silica 
ampoules by the Vertical 
Bridgman technique. The 
crystal diameter is up to 80mm. 
<111>-oriented substrates are 
prepared from the single 
crystalline regions of the grown 
crystals, on which HgCdTe-
layers are grown by Liquid 
Phase Epitaxy. 
 
In the frame of a collaboration 
with the company AIM Infrarot-
Module GmbH, one of the 
world-wide leading suppliers of 
high performance infrared 
detectors a thermal model for 
the growth of CdZnTe crystals 
was developed by using the 
CrysVUn/CrysMAS software. 
The model considers the 

 
Fig. 1: CdZnTe-crystal (left) and CdZnTe-substrates (right). Source: AIM Infrarot-Module 
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thermal conditions taking into 
account heat conduction and 
radiation in the whole growth 
facility. For the simulation of the 
whole growth process quasi-
stationary computations of the 
temperature field, in which the 
release of latent heat at the 
solid-liquid interface is 
considered, were carried out for 
different process times. 
Furthermore, the von Mises 
stress in the crystal is 
computed. 
 
For verification of the model the 
heater temperatures measured 
in the experiments were used 
as input parameters in the 
simulation and in such way the 
thermal field was computed. 
For comparison between 
experiment and simulation 
temperature data which are 
measured at the bottom of the 
silica ampoule during the whole 
growth process were used. 

Figure 2 shows a good 
agreement between the 
computed and measured 
temperatures. Furthermore the 
increase of the von Mises-
stress in the crystal is 
correlated with the occurrence 
of cracks which are observed 
experimentally under certain 
process conditions at the end of 
the growth run. 
 
After the validation the model 
was used to elaborate 
proposals for optimization of the 
growth process. Based on the 
proposals the process time 
could be significantly reduced. 
This is a further example of how 
important numerical simulation 
is for the development and 
optimization of crystal growth 
processes. 
 
 
 
 

 

 
Fig.2: Numerically calculated temperature distribution along the symmetry axis for 6 different 
process times. In addition the temperature measured at the bottom of the ampoule is shown. 

The deviation between experiment and simulation is less than 27K. 
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Experimental research in a 
microgravity environment has 
now a long tradition in the field 
of material science. The 
absence of gravity helps to 
create defined conditions for 
the heat and mass transfer 
phenomena occurring during 
solidification processes. This 
allows to validate theoretical 
models and to develop 
fundamental relations between 
solidification conditions and the 
resulting material properties. 
 
The planned Material Science 
Laboratory (MSL) onboard the 
International Space Station 
(ISS) shall enable the long-term 
access to such a microgravity 
environment. MSL consists 
primarily of a process chamber 
accommodating furnace inserts 
and individual experiment 
cartridges. This way, the facility 
supports various materials 
processing techniques with 

different thermal profiles. 
Thereby, the foreseen 
experiments consider a wide 
range of material systems, like 
lightweight cast alloys as 
AlSiMg, or the compound 
semiconductor CdTe for sensor 
applications. 
 
During 2005 CGL finished a 
project to develop a virtual MSL 
laboratory for developing and 
testing these space 
experiments. The objective was 
to create a tool for predicting 
the thermal conditions during 
space experiments. This virtual 
laboratory is implemented by 
using the thermal modeling 
software CrysVUn, developed 
since the end of the 90s at the 
crystal growth department. 
CrysVUn contains physical 
models for crystal growth and 
alloy solidification, among 
others nonlinear heat 
conduction and heat transfer by 

radiation. 
 
The thermal simulations shall 
assist the scientists in the 
design of their individual 
samples cartridge assembly, 
definition of process 
parameters and post-test 
evaluation of their experiments. 
For that purpose the software 
has included a graphical user 
interface, which supports the 
user in performing global 
process simulation. This means 
the software uses models 
containing the complete furnace 
with heaters, insulation, sample 
and cooling, as they are 
included in the “real” furnace. 
CrysVUn also provides an 
optimization module for finding 
appropriate heating powers for 
a desired user defined 
temperature field.  
 
The virtual laboratory is 
completed with the thermal 

 
Fig. 1: User interface of the thermal modeling software CrysVUn 
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models of the furnace inserts 
itself. Up to now two of these 
inserts are under development. 
The one for high thermal 
gradients and cooling rates is 
shown in Figure 2. In the upper 
part the hot zone is located, 
while there is a heat sink 
implemented below the 
adiabatic buffer zone. It is a 
Bridgman-type facility, where a 
relative movement of the 
furnace and the samples 
cartridge assembly achieves 
controlled solidification.  
 
The thermal models were built 
using CAD and material data 
and were validated against 
experiments. For each furnace 
of the MSL several test cases 
for different cartridges were 
used. During that procedure 

insecure or unknown material 
properties were corrected by 
using genetic algorithms. 
Finally it was possible by using 
this procedure that the thermal 
model reproduces the 
temperature field given by the 
experiment at a fixed cartridge 
position. 
 
With the successful validation 
of the thermal models, the 
scientists planning to use the 
MSL have now access to a 
powerful tool for optimizing their 
experiments. This may help to 
reduce significantly the risk of 
failure of time consuming and 
expensive space experiments. 
 
 
 

     
Fig.2: The left side shows the thermal model of one furnace insert for the MSL. The sample is 

colored in orange, while heaters are marked red and the cooling unit blue. On the right side the 
numerical grid and a computed temperature field is depicted. The room temperature is colored 

in blue and the red color corresponds to 1200 C. 
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Equipment 

http://www.kristallabor.de 

 
Laboratory space 
200 m2 laboratory space in total at university and Fraunhofer IISB plus offices 
 
Crystal growth 
• several multi-zone furnaces for vacuum and high pressure conditions (for 2" - 6" crystal 

diameter)  
• OKZ/300-100 for the growth high melting oxides 
• several multi zone furnaces for sample preparation and growth of small diameter crystals  
 
Analysis and characterization of materials 
• Several optical/infrared microscopes 
• Access to high resolution microscopes  
• Mapping system for optical spectroscopy of semiconductor wafers 
• Interferometric profilometer for surface analysis of semiconductor wafers 
• X-ray Laue camera 
• Hall-measurement-system (temperature dependent 15K-650K)  
• Measurement system for characterization of deep and shallow levels by capacitance techniques 

(CV, DLTS) and by conductance techniques (TSC, PICTS)  
• Differential Thermal Analysis for determination of phase diagrams 
• Differential Scanning Calorimeter for thermodynamic and kinetic studies 
• Thermogravimetry 
 
Preparation and metallography 
• Facilities for preparative work related to wafer preparation (grinder, annular and wire saws, 

lapping and polishing equipment)  
• Several evaporation systems  
• Sputtering systems (DC, 6" target diameter) 
 

 
NETZSCH-STA 449 Jupiter and gas installation at CGL 



 
Contact and travel information 

 

Contact 
 
Crystal Growth Laboratory Crystal Growth Laboratory 
Prof. Dr. Georg Müller Dr. Jochen Friedrich 
University Erlangen-Nürnberg Fraunhofer IISB 
Martensstrasse 7 Schottkystrasse 10 
91058 Erlangen 91058 Erlangen 
Phone: +49-9131-852-7636 Phone: +49-9131-761-269 
Fax: + 49-9131-852-8495 Fax: + 49-9131-761-280 
http://www.kristallabor.de  http://www.kristallabor.de 
Email: georg.mueller@ww.uni-erlangen.de Email: jochen.friedrich@iisb.fraunhofer.de 
 
 
 
 

Travel Information 
 
 
 
By car 
Use Autobahn A3, exit Tennenlohe, follow 
signs for Erlangen, after 2 km take exit for 
"Universität Südgelände", then follow signs 
for IISB: 1.6 km north on Kurt-Schumacher-
Straße, then turn left twice into Cauerstraße 
and Schottkystraße. 
 
By plane 
From Nürnberg (Nuremberg) airport use taxi 
(15 minutes) or bus 32 to Nürnberg-Thon 
and then bus 30/30E to Erlangen-Süd (30 
minutes). 
 
By train 
From Erlangen station, use taxi (15 minutes) 
or bus 287 to Stettiner Straße (30 minutes). 
Convenient train services from Nürnberg 
Hauptbahnhof (central station) to Erlangen 
station. 
 
Tourist Information 
Verkehrsverein Erlangen e.V. 
Rathausplatz 1, 91052 Erlangen, Germany 
Phone: +49-9131 89-150 
Fax: +49-9131 89-5151 
WWW: www.erlangen.de 
 

 
 
 

 




