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Abstract

The stoichiometric mixture of evaporating materials for the CaAl,Se4: Co single crystal thin
film was prepared from horizontal furnace. Using extrapolation method of X-ray diffraction
patterns for the polycrystal CaAl,Ses, it was found orthorhomic structure whose lattice constant
ap, b and ¢y were 6.4818, 11.1310 A and 11.2443 A, respectively. To obtain the CaAl,Sey: Co
single crystal thin film, CaAl,Ses: Co mixed crystal was deposited on throughly etched Si (100)
by the HWE (Hot Wall Epitaxy) system. The source and substrate temperature were 600°C and
440°C respectively. The crystalline structure of CaAl,Ses: Co single crystal thin film was
investigated by the double crystal X-ray diffraction (DCXD). Hall effect on this sample was
measured by the method of Van der Pauw and studied on carrier density and mobility depending
on temperature. From Hall data, the mobility was likely to be decreased by impurity scattering
in the temperature range 30 K to 100 K and by lattice scattering in the temperature range 100 K
to 293 K. The temperature dependence of the energy band gap of the CaAl,Ses: Co obtained
from the absorption spectra was well described by the Varshni's relation, Eo(T) = 3.8239 eV -
(4.9823 x 10° eV/K)To/(T + 559 K). The open-circuit voltage, short current density, fill factor
,and conversion efficiency of p-Si/ p-CaAl,Se,: Co heterojunction solar cells under 80 mW/cm®
illumination were found to be 0.42 V, 25.3 mA/cm?, 0.75 and 9.96%, respectively.

Keywords: CaAl,Ses: Co T2 7 H2(CaAl,Sey: Co single crystal thin film), Hall £YH(Hall

effect), oI *] o] ZFA(energy band gap), p-Si/ p-CaAlSes: Co ©1F5H T EHFH A (p-Si/
p-CaAl:Se4: Co heterojunction solar cell)
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Fig. 4 X-ray diffraction patterns of CaAl,Se4: Co polycrystal
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Table 1 EDS data of CaAl,Se,: Co polycrystal and single crystal thin film

Element Polycrystal Single crystal thin film
Starting (wt%o) Growth (wt%) Starting (wt%o) Growth (wt%)
Ca 9.78 9.78 9.78 9.79
Al 13.17 13.18 13.18 13.19
Se 77.05 77.04 77.04 77.02
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W2} =998 X 10" e Y} Carrier density+= -&%=0] High-8-9] 2|4 efjof] what W5k 919lom, o]
ol 2= Ha(1/T)oll vt n n k& Fig. 129} 2tk 8433} o UR] Egi= Fig. 119] 71&7 04 78 27} 57.2 meV
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Fig. 11 Temperature dependence of mobility for CaAl,Ses: Co single crystal thin films
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Fig. 14 Relation between the incident photons energy hv and (ahw)? in the CaAl,Se, single crystal thin films

Table 2 Peaks of optical absorption spectra according to temperature variation of single crystal CaAl,Se4: Co thin film

Temp.(K) Wavelength(nm) Energy(eV)
293 373.2 3.3219
250 360.5 3.4390
200 348.1 3.5613
150 3382 3.6658
100 330.8 3.7483
77 3282 3.7775
50 326.0 3.8034
30 324.9 3.8163

10 324.3 3.8230
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Fig. 16 Spectra response ofp-Si/n-CaAl,Se,: Co hetrojunction solar cell
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