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TITANSAPHIR Project

RSA Le Rubis SA

RSA, a French company, is one of the world largest producer of synthetic sapphire, ruby and spinels.

TITANSAPHIR Project

Growth of Titanium-doped Sapphire single crystals for power laser applications.
Find growth process improvements
Characterization of the defects inside the crystals
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Sapphire:Al,O,

BLUE PINK YELLOW
SAPPHIRES SAPPHIRES SAPPHIRES

RUBIES

Ac (0001)

View down c-axis

Melting point: 2050 2C
Artificial grown sapphire Mohs hardness: 9



Kyropoulos Crystal Growth

Kyropoulos growth technique advantages

* Possibility to grow crystals with large
diameter (> 30 cm). et

* Growth inside melt and without contact
with crucible.

CrvsH\ Ipu” Seed
Crucible\

* Low dislocation density.

Melt

] Side heater

Thermal

insulation

ottom

heater

Industrial furnace Sapphire disks High power Lasers



Crystal Morphology




Plate formation at crystal head

Crucible diameter 30 cm

Velocity (m/s)
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Global modeling of thermal and velocity field
(COMSOL)
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Plate formation at crystal head

Temporal concave shape of the crystal

Effect of the Marangoni convection
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Growth control system
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Non-uniform shape of crystal
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Plate formation in crystal
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Good crystal morphology
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Automatic crystal radius control
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Numerical Modelling

Experimental visualization
of the growth interface
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Numerical modeling

t=4.28cm/2.8cm =1.53 t=4.5cm/2.9cm =1.55
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Velocity arrows and concentration field
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Radial distribution of titanium

v

o)
g o - = |_arge curvatures of the crystal-melt
s I ' interface
Emm' » Radial compositional non-homogeneity
M, w\/ariations in the intensity of the emitted
€ .+ s _ laser beam

e

0 020 330 40 XN 60 70 80 % 100

Distance (mm)

15



Radial distribution of titanium

Cruciblediameter 15cm

Slices of 10 cmindiameter

Measurements of the absorption coefficient
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C. Stelian, G. Alombert-Goget, G. Sen, N. Barthalay, K. Lebbou, T. Duffar, Analysis of titanium distribution in sapphire crystals
grown by the Kyropoulos method, article in preparation
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New approach to preparation of seeds
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Solid-liquid crystalinterface realised from Prepare seeds from existing crystals with an axis
previous pulling. (Interface angle: approx 25°) offset of 65° with A-axis
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New approach to cutting Discs

Crystal grown with the offset seed axis will lead to crystals having the A-plane parallel to the solid-liquid growth
interface. Thus A-Plane alligned discs can be cut out of various sizes parallel to the interface shape.
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Sapphire crystal & sample
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6 kg in weight

Diameter —10 cm

Height — 16 cm

Duration of growth — 6 days
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X-ray diffraction imaging
(x-ray topography)

* Bragg diffraction

* Image defects in the crystal lattice via the deformation
around them diffracted intensity/direction altered
contrast
 White beam (polychromatic)
e Section topography
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Projection & Section topography

/S Polychromatic parallel
Polychromatic - > beam passing through
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(Photographic plate) (Photographic plate)
Projection Section (slit configuration)

Good lateral spatial resolution, but poor depth resolution Reveals the features within the depth of the sample



Dislocation
density
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Numerical modeling (COMSOL)
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Conclusions

* Growth of 20cm diameter Al,O;:Ti crystals by
Kyropoulos technique

* Top plate problem solved

Full shape control under progress

Radial Ti segregation solution

Dislocations are the main type of defects,. 103-10% cm™2

good quality which is suitable for optical applications



ACTION NATIONALE DE FORMATION
"Thermodynamique (d'équilibre et des processus
irréversibles) appliquée a la cristallogenese par

solidification a haute température”

Formation théorique et pratique en thermodynamique pour
la cristallogenése : description thermodynamique de la
phase, diagrammes d'équilibre de phases (avec extension
au cas légerement hors équilibre), méthodes
calorimétriques/spectrométriques, utilisation des tables
thermodynamiques, méthode Calphad (exemples
d'application), diagrammes de Wulff et thermodynamique
des défauts ponctuels, modélisation et simulation de
procédé (démonstrations sur machine)

e 2 journées de cours et travaux
dirigés/pratigues
e Visite des services danalyse thermigue et de
cristallogenése de ITCMCB

e Gratuit pour tous les agents pris en charge
par la formation continue du CNRS (dans la
limite des places disponibles)

e 125 € pour les privés et les agents non CNRS




Change in Ti segregation pattern

Current Segregation profile Improved Segregation profile
We have a concentric profile of segregation owing to Though we will still have segregation the gradient will be
the conicalinterface shape. The concentric profile is much reduced. Also we get rid of the concentric gradient
very detrimental for the optical properties. profile and hence the centre is not distorted.
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Dislocation
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Circular sample
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