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ABSTRACT

Photo-electrochemical etching and spray pyrolysis methods have been used in
the preparation of porous silicon (PSi) and cadmium selenide (CdSe) thin film,
respectively. The first method was used in the preparation of PSi (etching time
10 min and etching current 15 mA/cm?), while the second method was used to
deposit CdSe thin film on porous silicon (substrate temperature 100 °C, Nozzle
distance 25 cm, 20 sprays and 7.5 kg/cm?® pressure). The optical properties of
CdSe films showed the absorption spectrum peaks of CdSe nanoparticles at both
wavelengths at 460 and 660 nm with energy gap 2.5 eV. The structural properties
of the CdSe heterostructure have been also investigated. The images of scanning
electron microscopy (SEM) showed that the CdSe film was crystalline with av-
erage grain size of about 49.63 nm which agrees with XRD spectrum analysis
results (55.67 nm). The I-V characteristics of the heterostructure are similar to
ideal diode and solar cell, with short circuit current (2.43 mA/cm?), open circuit
voltage (0.34 V) and fill factor (0.603).
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AHHOTANOUA

MeToas! GOTOIESKTPOXUMUYESCKOTO TPABICHHUS U PACIBUIMTEIBHOTO MUPOIU3a
OBLTH IPUMEHEHBI ITPU U3TOTOBIIEHUH coltHeuHoro dneMeHTa PSi-CdSe. [lepBbrit
MeTo A ObLI UCTIONB30BaH MPH H3TOTOBICHUH TTOPUCTOTO KPEMHUS CO BpEMEHEM
TpaBnenus 10 MUH 1 TOKOM TpaBieHus 15 MA/cM?, B TO BpeMs Kak BTOPOH METO
OBLT NCTIONB30BAH IS OCAXKICHUS TOHKOM TuieHkn CdSe Ha OpPHUCTHIA KpeMHUIA
pu Temneparype nomioxkn 100 °C ¢ paccTossHIEM MEXIy cormiamu 25 cM, 20
pachbUICHUSAMH U JIaBIIeHUEM 7,5 kr/cm?. Ontrdeckue cBoiictBa ienok CdSe
MTOKa3aJIH MMUKH CIIeKTpa moriomienns HaHoyactul CdSe Ha mimHax BoiH 460 n
660 HM c sHepreTruueckoil miensio 2,5 3B. HccnenoBana cTpykTypa IUIEHKU
CdSe, rme u3o0pakeHHS CKAaHUPYIOLIETO 3JCKTPOHHOrO MHKpockoma SEM
noka3zanu, 4to mieHka CdSe SBIsSeTCS KPUCTAIUIMISCKON CO CPETHUM Pa3MepoM
3epHa okosio 49,63 HM, YTO coryiacyercs C pe3ysibTaTaMH aHaju3a CIIEKTPOB
peHTreHoBckoW mudpakmmu (55,67 uM). BombT-ammepHBIE XapaKTCPUCTHKU
Mepexo/la aHaJOTHYHBI XapaKTePUCTUKAM HJCAbHOTO JTUOJa W COJIHEYHOTO
3JEMEHTa C TOKOM KOPOTKOro 3aMbIKamus (2,43 MA/cM?), HampsokeHHeM
xomoctoro xona (0,34 B) u koaddunmentom 3amoaenns (0,603).
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Introduction

Single crystal silicon wafer is used in the manu-
facturing of solar cells of efficiency within the range
12-16 % depending on the manufacturing method [1].
The high reflectivity and high surface recombination of
silicon wafers led to their replacement by porous silicon
as a substrate of solar cells [2]. Porous silicon is char-
acterized by low reflection (high absorption), low sur-
face recombination, and high surface:volume ratio [3].
Different techniques have been used in the preparation
of porous silicon including electrochemical etching [4],
photochemical etching [5], photo-electrochemical etching
[6] and stain etching [7]. Porous silicon can be coated
by several types of semiconductors in the fabrication of
solar cells. The top semiconductor layer depends on the
type of porous silicon, whether p-type or n-type [8—10].
Cadmium selenide (CdSe) is one of the semiconductors
that is used in the fabrication of PSi-CdSe solar cell.
CdSe is an n-type semiconductor falling in the (II-VI)
group of semiconductor compounds, which is charac-
terized by a high absorption coefficient (10° cm™)
within the wavelength range 380-1000 nm (IR and vi-
sible region) [11, 12], two phases: cubic (zinc blend)
structure and hexagonal sulfide (wurtzite), a direct band

gap of about 1.75 eV and indirect band gap of 1.23—
1.25 eV, and electron mobility of 450-900 cm*/V [13].
The electrical and structural properties of CdSe thin
films depend strongly on the type and conditions of the
preparation method. Several chemical and physical
techniques are used to precipitate the CdSe thin films,
such as RF magnetron sputtering [14], chemical bath
deposition [15], thermal evaporation [16], spray pyro-
lysis technique [17], and E-Beam technique [18]. In this
study, thin films of CdSe were deposited on porous si-
licon using the spray pyrolysis method. The optical
properties of CdSe thin films, and the electrical and
structural properties of PSi-CdSe solar cell were inves-
tigated.

Experimental method

Solar cell PSi-CdSe was fabricated by the depo-
sition of CdSe thin films on porous silicon substrate
(PSi) using spray pyrolysis method (Fig. 1) [19]. P-type
silicon wafers were used in the preparation of porous
silicon using photo-electrochemical etching technique
[20]. All variables were fixed during the etching pro-
cess according to Table 1.

Table 1. Parameters of photo-electrochemical etching technique

Etching current Etching period

Aqueous solution

15 mA/cm? 10 min

HF (18 wt. %) and ethanol (99.9 %) (1:1)

The Cadmium Selenium solution was prepared
by mixing two solutions. The first solution was pre-
pared by mixing 0.8 g selenium and 1.2 g sodium sul-
phate, each dissolved separately in 10 ml distilled wa-
ter. The final solution was then heated in a Reflux sys-
tem for 2—-5 hours. The second solution was prepared

Table 2. Spray pyrolysis parameters

by dissolving 1.0 g cadmium chloride in 20 ml distilled
water including 1 ml ammonia. After mixing both solu-
tions, the resulting solution was heated for 1 h at 90 °C.
The spray pyrolysis method parameters are shown in
Table 2.

Deposition Sprays Nozzle distance, Spray quantity, Spray rate, Air pressure,
temperature, °C cm ml/5 sec ml/min kg/cm?
100 20 25 0.4 4.8 7.5
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Fig. 1. a — Schematic representation of spray pyrolysis method; b — photo-electrochemical etching setup

Results and discussion

Photo-electrochemical etching technique was
used in the preparation of porous silicon, while the
CdSe thin film was deposited using spray pyrolysis
method. The porous silicon was used as a substrate for
the PSi-CdSe junction.

The thin film of CdSe was deposited on the clean
glass substrate to investigate its optical properties. The

film thickness was calculated using the weight method.
It depends strongly on the slide weight difference (be-
fore and after deposition process) and deposition area,
which was about 1.9343 pum.

The absorption spectrum of CdSe thin film
(Fig. 2) shows two peaks at 460 and 660 nm, which be-
long to the CdSe nanoparticles [21]. The energy gap of
CdSe thin film was calculated to be about 2.5 eV.
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Fig. 2. a— Absorption spectrum of CdSe thin film; b — energy gap of CdSe thin film

Figure 3 shows the scanning electron images of
the CdSe thin film surface and the PSi-CdSe junction.
The SEM image of CdSe thin film surface (Fig. 3, a)
shows that the average grain size is about 49.634 nm.
The image also shows the homogenous distribution of

CdSe grains along the gaps walls of the porous silicon.
Fig. 3, b shows the cross section image of PSi-CdSe
junction. It proves that the CdSe thin film thickness is
between 2.139-3.176 um, which is in agreement with
the thickness that was calculated by weight method.
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Fig. 3. Scanning electron microscope images: a — surface of CdSe thin film;
b — cross section area of PSi-CdSe junction

The XRD spectrum shows that CdSe thin film is about 55.67 nm, which is in agreement with SEM re-
completely crystalline, where a single peak appeared at sults (Table 3). The current — voltage of PSi-CdSe junc-
20 = 28.66° (Fig. 4). Average grain size was calculated  tion shows ideal characteristics of diode in both forward
using Scherer equation. It was found that the size is and reverse bias, as shown in Fig. 5.
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Fig. 4. XRD spectrum of CdSe thin films
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Table 3. Grain’s dimensions of CdSe
2-Theta (0) FWHM [°2 Th.] D Average grain size, nm
10.19 0.11 71.09
12.89 3.17 2.52
18.36 0.17 47.37
27.96 0.50 16.24
28.24 0.18 45.61
28.61 0.07 117.30
28.66 0.06 121.12
28.68 0.44 18.57
29.41 1.10 7.44
30.82 1.87 439 3367
32.38 2.59 3.18
34.11 0.65 12.66
35.76 1.65 5.04
38.20 1.23 6.78
40.98 0.12 69.29
47.44 0.02 394.44
50.03 0.20 43.83
51.85 0.13 70.32
61.15 19.82 0.46
0.0006
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Fig. 5. Current-voltage curve of PSi-CdSe junction
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The PSi-CdSe junction was examined as a solar
cell. The junction of ideal solar cell characteristics

(100 mW/cm?) is shown in Fig. 6 and Table 4. The fill
factor value reflects the fabrication quality of the junction.
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Fig. 6. Solar cell curve of PSi-CdSe junction

Table 4. Fill factor, maximum current density, and voltages of PSi-CdSe junction

10 min
Area cm? l
Piy mW/cm? 100
Jse mA/cm? 2.430
Voc \Y 0.340
e mA/cm? 1.993
Vinax \Y 0.250
FF 0.603
PCE % 0.498
Conclusions to be about 55.67 nm. Finally, PSi-CdSe junction shows

Photo-electrochemical etching technique and
spray pyrolysis method was used in the preparation of
PSi-CdSe junction. Weight method was utilized to de-
termine the thin film thickness, which was found to be
about 1.93 um. This value matches with the SEM ima-
ges of the junction. The absorption spectrum of CdSe
thin film shows two peaks at 460 and 660 nm. The CdSe
energy gap was about 2.5 eV. According to SEM ima-
ge, the average grain size of the films was about
49.63 nm, while from XRD spectrum it was estimated

ideal characteristics of diode in both forward and re-
verse bias with a knee voltage of about (—0.6 V). The
junction also exhibits the following solar cell characte-
ristics: short circuit current density (2.43 mA/cm?),
open circuit voltage (0.34 V), maximum current density
(1.99 mA/cm?), maximum voltage (0.25 V), fill factor
(0.603) and PCE (0.498%).
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