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PSi—CdTe junction is prepared using spray pyrolysis and photoelectro-
chemical etching methods; the deposition method of thin CdTe films is
performed at 90°C; thin CdTe films are completely crystalline with energy
gap of 2.4 eV. The grain sizes are investigated using SEM and x-ray spec-
troscopy; both measurement techniques show that the grain sizes are
within the nanoscale. The junction show I-V characteristics similar to the
diode in both forward and reverse bias; the junction also show solar-cell
characteristics with fill factor of 0.594.

Ilepexix PSi—CdTe ogep:kaHo MeTOmaMM POBIOPOIIYBAJBLHOI Iiposisu Ta
$oTOENIEKTPOXEMIUHOr0O INABJICHHA; METOJ ocaiskeHHA TOHKMX miaiBok CdTe
BUKOHAHO 3a TeMmieparypu y 90°C; Touki miaisku CdTe e mosHicTIO Kpucra-
JiYHUMHK i3 3a00POHEHOI0 eHepreTUYHO 30HOK y 2,4 eB. Posmipu sepen
IOCTiIKeHO 3a NOIOMOTOI0 CKaHiBHOI eJIeKTPOHHOI MiKpockomii Ta peHTTre-
HiBCBKOI CIEKTPOCKOIMii; o0uaBa MeTOAW MipAHHSA IOKAa3yIOTh, III0 PO3Mipu
3epeH 3HAXOAATbCA B HaHoMaciuTabi. Ilepexin meMoHCTPYEe BOJIBT-aMIIEPHi
XapaKTepUCTUKM, MOAIOHI mo mioam, AK y IPAMOMY, TaK i Y 3BOPOTHLOMY
3MIII[eHHi; IIepexia TaKoMK AeMOHCTPYE XapaKTEPUCTHUKM COHAYHOTO ejieMe-
HTa 3 KoedimienTom 3amoBHenuA y 0,594.

Key words: porous silicon, cadmium telluride, thin films, semiconductors,
optical properties of semiconducting thin films, diode characteristics, so-
lar-cell characteristics.
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XapaKkTePUCTUKY TioaM, XapaKTEePUCTUKMN COHAYHUX eJIEMEHTiB.

(Received 7 September, 2024; in revised form, 8 October, 2024 )

1. INTRODUCTION

Cadmium telluride CdTe is one of the II-VI group semiconductors;
cadmium telluride has unique properties, which enable it to enter
into many applications, including gamma-ray detection [1], fuel
cells [2], photocatalytic hydrogen production [3], sensors [4, 5], la-
ser materials [6], and solar panels [7]. It is a p-type semiconductor
and can be converted to n-type by heat treatment [8], has a band-to-
band energy gap of about 1.4—-1.5 eV [9-12], high absorption coeffi-
cient of 10* cm™ [13, 14]. Cadmium telluride can be deposited via
different easy methods including chemical bath deposition [15-17],
flash evaporation [18], close spaced sublimation [19], spray method
[20], thermal evaporation [21, 22], and electrodeposition [23].

In our work, thin CdTe films have been deposited on porous sili-
con to fabricate PSi—CdTe solar cell; the optical, structural, and
electrical properties were measured for thin CdTe films and PSi-
CdTe junction.

2. EXPERIMENTAL METHOD

n-type silicon wafer was used as a substrate to construct PSi—CdTe so-
lar cell. The silicon wafer was etched to obtain the porous silicon using
photoelectrochemical-etching technique; the method was performed
with etching current of 15 mA /cm?, etching period of 10 min with 18
wt.% HF and ethanol (99.9%) (1:1) aqueous solution [24].
Tellurium oxide TeO, was dissolved in 25 ml distilled water in-

HF solution
S

Fig. 1. Experimental setup for the fabrication of porous silicon by electro-
chemical etching of silicon wafers [25].
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cluded 5 ml HCI, while ZnCl, was dissolved in 25 ml of distilled wa-
ter; both solutions were mixed for 1 hr at 90°C using magnetic stir-
rer. Finally, the deposition of the mixture was performed using
spray-pyrolysis method with deposition temperature of 100°C, 20
sprays, nozzle distance of 30 cm, and air pressure of 7.5 kg/cm?.

3. RESULTS AND DISCUSSION

Thin films of CdTe on porous silicon were deposited; the optical,
structural, and electrical properties of the CdTe film and the junc-
tion have been discovered.

The film show a high transmittance, which increases with wave-
length, where the maximum transmittance was of 97.3. The absorb-
ance spectrum has a peak at wavelength of 540 nm, which belong to
the CdTe nanotubes (Fig. 2).

The energy gap of the cadmium-telluride films was calculated us-
ing Scherrer equation; it was of about 2.4 eV (Fig. 3).
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Fig. 2. The transmittance and absorbance of thin CdTe films.
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Fig. 3. Energy gap of thin CdTe films.
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Field-emission scanning electron microscope has been used in the
examining of thin CdTe films (Fig. 2); the images show the for-

Fig. 4. FE-SEM images of thin CdTe films on porous silicon substrate: (a)

magnification x30000, (b) magnification x120000.
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Fig. 5. XRD spectrum of thin CdTe films on porous silicon substrate.

TABLE 1. The average grain size of thin CdTe film.

2-theta, 0 FWHM [2Th.] | D, nm Average grain size, nm
27.0091 0.4489 18.20207032

27.7446 0.5628 14.54100846

27.832 0.0858 95.39885917 37.07802849
27.9339 0.1667 49.1123415

28.8395 1.0083 8.135862994




SOLAR-CELL PROPERTIES OF POROUS Si/CdTe JUNCTION 101

mation of the CdTe nanotube in different orientations and diame-
ters; the average nanotube diameters was of about 39.47 nm.

XRD spectrum of the CdTe shows that the film was completely
crystalline, where a single significant peak appear at 20=27.82°
with the (111) orientation. The average grain size was calculated
using Scherrer equation; it was equal to 37.07802849 nm (Fig. 5
and Table 1); this result agrees with the FE-SEM image.

The electrical properties of PSi—CdTe junction were investigated;
the junction show I-V characteristics similar to diode characteris-
tics in both forward and reverse bias as shown in Fig. 6. PSi—CdTe
junction also show solar-cell characteristics with short circuit cur-
rent density of 9.862 mA/cm?, open circuit voltage of 0.730 V, fill
factor of 0.594, and efficiency of 4.061% (see Fig. 7 and Table 2).

4. CONCLUSIONS

Thin films of CdTe have been deposited via spray-pyrolysis method
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Fig. 6. I-V diode characteristics of Fig. 7. Solar-cell characteristics of
PSi—CdTe junction. PSi—CdTe junction.

TABLE 2. Solar-cell parameters’ values of PSi—CdTe junction.

Area cm? 10 min
p, mW /cm? 100
J . mA /cm? 9.362
V. \ 0.730
S ax mA /cm? 8.122
v, v 0.500
FF 0.594

PCE % 4.061
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on porous silicon, which has already been prepared using photoelec-
trochemical etching technique. The energy gap of thin CdTe films
was of 2.4 eV. The grain sizes were measured using SEM images
and x-ray spectrum; they were of about 39.47 nm and 37.07 nm,
respectively. The x-ray spectrum shows also that the film was com-
pletely crystalline. The PSi—CdTe junction show diode and solar-cell
characteristics with fill factor of 0.594 and efficiency of 4.061%.
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