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Phase diagram Si:Ge
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Focusing gamma-rays — the principles of Laue lenses #@

Y-rays

detector

diffraction elements



Czochralski growth of GeSi (mosaic) single crystals
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Visualisation of the cellular structure

LPS measurement
38 x10 mm

<112>
growth direction

Etch pattern micrographs
show the development of the
cellular structure.
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Features:
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The cellular structure at the solid-liquid interface (etch patterns)

(100) growth direction
1.9 at% Si
mosaicity (not measured)

(112) growth direction
0.7 at% Si
mosaicity 20"

=B A el (130) growth direction
S 1.5 at% Si
mosaicity 42"



Cellular structure and diffraction properties
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LPS measurement
10 mm x 10 mm

(100) surface orientation

transmitted beam

Peak 1 :

Centered at 102,9 keV
FWHM= 231 keV
Diffraction efficiency : 10%

Peak 2 :

Centered at 122,0 keV
FWHM= 1,82 keV
Diffraction efficiency: 8,5%

diffracted beam

Centered at 122,0 keV
FWHM= 1,62 keV



Global simulation of the growth process of GeSi crystal [g
with mosaic structure
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The averaged temperature distribution and
The temperature distribution in the flow pattern in the melt obtained in the
the whole growth setup obtained 3D computations during the growth of
in 2D global heat computations GeSi crystal



Simulation of growth interface of GeSi crystal with mosaic
structure

simulation striations in GeSi crystal




Czochralski growth of SiGe (gradient) single crystals B@
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Axial Ge distribution in Si, Ge, grown by Czochralski technique QI[L@
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Vegard’s law ¢

| O Stéhr&Klemm, Z. Anorg.
0.565 Aligem Chemie 341 (1939)
V. Chemical Analysis
| & Calculation
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[ Empirical formula
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Some possibilities to cut monochromators from the
gradient crystals
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SiGe gradient crystal as monochromator for X-rays [E

X-ray source
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Si,  Ge_gradient crystals for high resolution synchrotron optics <

SiGe-monochromators
t <> 30 x 30 x 10 mm®




Energy spectrum from the SiGe (220) und Si (220) monochromators <j’ E@
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Energy resolution of the graded double SiGe (220) monochromator ’/
(in comparison with double Si (220) and Si (111) monochromators) H\L@

KMC-2 beamline (BESSY II)

Beamline acceptance 1 mrad Hor x 0.2 mrad Vert
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Calculation of crystal form to get constant gradient of Ge in Si,_ Ge, q’/[/[@
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Si, . Ge, crystal with near constant gradient of Ge

Crystal profile (calculated)
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Conclusions q’[{@Nf
Ny

* A modified Czochralski technique could be used for the growth of Ge, Si_mosaic crystals
and Si, Ge_gradient crystals. SiGe can be used for production of diffracting elements for gamma
telescope lens.

* Ge,_Si_mosaic crystals were used to produce the diffracting elements for the CLAIRE gamma
ray telescope. Although many of 556 diffracting elements had a diffraction efficiency up to 20 %,
the overall efficiency of the lens is about 8.1+0.7 % due to different diffraction properties of the

elements



(111) SiGe-wafer with 4 at%Ge

X-ray topograph




