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Abbreviations

Chemical Closed- Space Vapor Transport
Conduction Band Minimum
Chemical Vapor Transport
Close- space Vapor Transport
Donor- Acceptor Pair recombination
Energy Dispersive X-ray analysis
Elastic Recoil Detection Analysis
Electron Spin Resonance
Free-to-Bound transitions
Free Exciton
Fast Fourier Transformation
Full Width at one Half of the Maximum
Grazing incidence X ray Diffraction
Joint Comittee on the Powder Diffraction
Spectra
Longitudinal Optical photon
Photoluminescence
Physical Vapor Deposition
Transmission Electron Microscopy
Secondary Neutral Mass Spectroscopy
Soda Lime Glass
Stopping and Range of Ions in Matter
Rapid Thermal Process
Ultra- Violet Photoluminescence
Valence Band Maximum
X ray Diffraction
X- ray Fluorenscence Analysis
Zentrum fiir Solarenergie und Wasserstoff
Forschung Stuttgart Germany.
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Figure 3.4. XRD diffractograms of the CuGaSe, thin films grown on Mo/SLG
substrates as a function of the growth time ¢,4, in the second CCSVT stage. All other
process parameters are kept constant, as indicated in Figure 2. The lines and symbols
mark the CuGaSey, CusSe and Mo peak positions according to JCPDS data.
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and (B) at the CuGaSe;/Mo interface. The points A and B are correspond to regions
A and B in Figure 4.3a, respectively. The insets show the calculated concentrations of

the corresponding elements.

Figure 4.5 : ERDA depth profile of elemental concentrations of the CuGaSe, thin
films on Mo/SLG substrates with the ratios of (a) [Ga]/[Cu] = 1.11 and (b) [Ga]/[Cu]
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= 1.26. The lines depict guides to the eye. The averaged elemental concentrations are

inserted in the inset.
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the difference between the D1A1 PL maximums of the both sides.
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Figure 5.11: Visible and UV- PL spectra of CuGaSe, thin films exhibiting a red-shift
of ~13meV of the Vis PL spectra due the higher surface sensitivity of the UV- PL.
(@ 10 K and P, = 20 mW). The UV-PL spectrum is normalized by a factor 2.6.

Figure 5.12: Compared PL spectra of Ge implanted using three kinetic energies,
as-grown and implanted, and as-grown films at 10 K and 20mW measured with the

visible line (514 nm) of the laser.
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351.1 nm and 514 nm. The UV spectrum is normalized by a 9.83 factor.
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Figure 6.1: ESR spectra of as-grown; as-grown and annealed; Ge implanted and
annealed CuGaSe; thin films all taken at T=5K. It is clearly noticeable that a new
ESR signal appears at g =2.003 for Ge implanted samples.
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Figure 6.2: ESR signal at g =2.003 measured at T = 5K. The solid line is the result

of fitting with the first derivative of Lorentzian function.

Figure 6.3: Temperature dependence of the normalized paramagnetic susceptibility
Xo of Ge implanted CuGaSe, films for different Ge concentration as indicated in the

figure. The solid line is fit assuming Curie type susceptibility.

Figure 6.4 : (a) Ge concentration dependence of the ESR signal at g =2.003 and
T=5K. (b) spin number determined from the ESR spectra at T = 5K as a function of

Ge atoms. The error bars indicates the relative uncertainties.
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