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7ZnO thin film is a prominent candidate to be used as a buffer layer in silicon solar cells. In this paper,
the effect of Al concentrations (1, 5, 10 wt. %) on the conversion efficiency of Al:ZnO/Si thin film solar cells
has been investigated through simulation by SCAPS program. It has been found that the main photovolta-
ic parameters such as open-circuit voltage, short-circuit current density, fill factor, conversion efficiency,
quantum efficiency and ideality factor increased as Al enrichment occurred. At 10 wt. % of Al the optimum
conversion efficiency was approximately 7 %, the maximum value of the ideality factor was 17.51, and the
bandgap value was 3.56 eV. Additionally, the resistivity, carrier concentration and mobility were deter-
mined for all measurements. It has been found that a decrease in the Hall coefficient led to an increase in
the carrier concentration with increasing Al content, while an increase in the mobility occurred due to a
decrease in the electrical resistivity. The quantum efficiency of the solar cell measured at a wavelength in

the range of 400-1000 nm was between 0.4-0.5.
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1. INTRODUCTION

Solar cell capacitance simulator SCAPS-3200 is a
graphic program for the solar cell simulation developed
with LabWindows/CVI of National Instruments at the
University of Gent [1]. It is organized in the form of a
number of panels and is successfully used for complex
modeling the optical and photoelectric properties of
solar cells, for instance, ZnO/CdS/CdTe/CuO, Si-CdS-
Zn0O, CdS/CdTe etc. [2-4]. Additionally, it realistically
simulates the electrical characteristics of heterojunc-
tion solar cells [5]. For example, polycrystalline semi-
conductor CdTe film and Cu(In,Ga)Se solar cell have
been modeled by SCAPS to establish the current-
voltage, capacitance-voltage and capacitance-frequency
characteristics [6].

A heterojunction solar cell is necessary for the large-
scale applications in photodetectors and other semicon-
ductors such as silicon, which have a band gap between
1.1 and 1.6 eV. It has the potential for higher efficien-
cy, reliability and low cost. A transparent conducting
oxide semiconductor is one of the most interesting het-
erojunction solar cells that includes oxide semiconduc-
tors, such as tin oxide (SnOg), indium oxide (In203) and
zinc oxide. Compared to other oxides, it is used more
frequently because of its lower cost, good physical, opti-
cal and electrical properties, and a large band gap of
3.3 eV [7-9]. Moreover, it is among the most demanded
materials for application in TCO because of its abun-
dance in nature, the absence of toxicity, and the ability
of the deposited films at low temperatures [8].

2. EXPERIMENTAL DETAILS

The schematic structure of the investigated
Al:ZnO/Si solar cell is given in Fig. 1. The n-type ZnO
thin film is an intermediate (buffer) layer between p-Si
absorber layer and Al metal p-type window layer with
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the main objective to make a good p-n junction.

For the system presented in Fig. 1, we performed
five independent SCAPS simulations to study the effect
of Si and Al layers on Al:ZnO/Si solar cell parameters
such as short-circuit current density (Jsc), open-circuit
voltage (Voo), fill factor (FF), conversion (7), quantum
efficiency (QE), and ideality factor (n). The concentra-
tion of aluminium was changed (1, 5 and 10 wt. %) in
order to determine advances of Al window layer in the
investigated solar cell.

From all measurements, the carrier concentration,
resistivity and mobility were additionally found. The
determination of optimal conditions will lead to the
production of transparent, highly conductive and well-
crystallized ZnO/Al films.
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Fig. 1 — Schematic structure of Al/ZnO/Si thin film solar cell

3. RESULTS AND DISCUSSION

Fig. 2 presents the dependences of the carrier con-
centration and band gap on the Al content in Al:ZnO/Si
solar cell. It is obvious that when Al concentration in-

© 2021 Sumy State University


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
http://sumdu.edu.ua/
https://doi.org/10.21272/jnep.13(4).04028
mailto:alexp@i.ua

S.A. NaJiM, K.M. MUHAMMED, A.D. POGREBNJAK

creases, the carrier concentration also linearly increas-
es due to the decrease in the Hall coefficient. A similar
tendency occurs for the band gap. The maximum value
of the band gap of 3.56 eV is obtained for 10 wt. % Al,
which is 2 % higher than for 5 wt. % Al and 5 % higher
than for 1 wt. % Al. The obtained values of the band
gap are in good agreement with the already established
value of 3.35 eV reported in [10, 11].
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Fig. 2 — Variation of the carrier concentration and band gap
with Al content

The electrical resistivity was calculated using a
standard four-point probe method at a distance of
s =2 mm according to the following equation [12]:

P =225(V/1) . (1)

Fig. 3 shows the dependences of the electrical resis-
tivity and mobility on the Al content in Al:ZnO/Si solar
cell. Tt is defined that the electrical resistivity decreas-
es to 4.8 x 10-3 Q.cm as Al concentration increases to
10 wt. %. This is due to the replacement of Al at zinc
sites in the hexagonal lattice or isolation of Al into a
homogeneous region at the grain boundary. When
doped with Al, the formation of AlZn can be attributed
to the influence of the free-carrier concentration in the
film; therefore, it has an effect on the resistivity, but
not on the Al boundary.
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Fig. 3 — Variation of the resistivity and mobility with Al content

The mobility u of the film is determined as

u=RH/p, )
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where RH is the Hall coefficient and p is the resistivity.
The mobility of Al/ZnO films increases with increas-
ing Al content due to a decrease in the resistivity and
an increase in the grain boundary scattering (Fig. 3).
Fig. 4 shows the J-V characteristics of the solar cell
modeled using SCAPS.
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Fig. 4 — J-V spectra at different Al content (1, 5, 10 wt. %) in
the solar cell

The fill factor (FF) and efficiency () of Al:ZnO/Si
solar cell are calculated from relations (3) and (4), re-
spectively [13, 14]:
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where Im and Vi, are the current and voltage obtained
at maximum power, respectively.
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where Iy is the short-circuit current, Vo is the open-
circuit voltage, Pry is the power density of the incident
radiation.

The ideality factor (n) depending on the voltage is
calculated from equation (5) [15]

qV
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where ¢ is the electron charge (Coulomb), k is the
Boltzmann constant (J/K), T is the room temperature,
Io is the reverse saturation current calculated from the
linear region of the plot between V and Inl.

The solar cell parameters obtained during modeling
are presented in Table 1. It is obvious that the values
of the solar cell parameters (Vo and Jsc) increase as Al
content increases.

It is observed that the fill factor and efficiency in-
crease with increasing Al content. The optimum con-
version efficiency is about 7.02 % at 10 wt. % of Al
(Fig. 5). In addition, the applied illumination caused an
increase in the current amount of the solar cell [16].

In Fig. 6, we can observe that the ideality factor in-
creases in the solar cell from 12.22 with pure ZnO/Si to
17.51 with 10 wt. % of Al, which means that it has a
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maximum value with increasing Al content. In this
study, the obtained high ideality factor is due to the
homogeneous distribution of carriers at the interfaces
[17] and tunnelling processes [18] because of the inter-
facial Al-doped ZnO films.

Table 1 — Solar cell parameters obtained at Al content of 1, 5
and 10 wt. % by SCAPS modeling

Voe Jse FF

Sample Volt) | (mAlem?) | ) [TP| 7
ZnO 0.482 16.985 59.43| 4.87 [12.22
1 wt. % Al:ZnO 0.531 16.998 60.46| 5.45 [13.46
5 wt. % Al:ZnO 0.627 17.070 60.99| 6.45 [15.84
10 wt. % Al:ZnO| 0.698 17.266 61.17| 7.02 [17.51
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Fig. 5 — Variation of the efficiency as a function of Al content
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Fig. 6 — Variation of the ideality factor as a function of Al
content
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Koncrpyropauna Al:ZnO/p-Si cOHAYIHOro ejieMeHTa 3 reTepoIepexoaoM 3a JOMOMOTr o0
nporpamu ays mogeaosauugs SCAPS

C.A. Hamxum!, K.M. Myxammen?, O.J1. ITorpebusak?

1 University of Mosul, Al Majmoaa St., 41002 Mosul, Iraq
2 Cymcoruli Oepocasruil ynigepcumem, 8ys. Pumcorozo-Kopcakosa, 2, 40007 Cymu, Yipaina

Touka mmiBka ZnO e MOTEHIIMHAM KaHIUIATOM JJI BUKOPHCTAHHSA B SKOCT1 OydQepHOro mapy B CHJIi-
KOHOBI# COHSYHIN GaTapei. ¥ poboTi gocmimkeHo BinB koHieHTparii Al (1, 5, 10 mac. %) Ha ed)eKTUBHICTD
IIePETBOPEHHS COHIYHNX €JIEMEHTIB 3 TOHKHX ILTiBOK Al:Zn(O/Si 3a 10mMoMOron mporpaMu s MOAETIOBAHHS
SCAPS. ByJio BusiBjieHO, 110 OCHOBHI (DOTOEJIEKTPUYHI ITApaMETPH, TAKl IK HAIPYra PO3IMKHYTOIO JIAHITIO-
ra, MIJIBHICTh CTPYMY KOPOTKOTO 3aMHKAHHS, KOe(IIlleHT 3al0BHEHHS, e(peKTUBHICTD IIePEeTBOPEHHS, KBAH-
TOBa e(PEeKTUBHICTH Ta KOe(IIlieHT 1IeaIbHOCTI 3pocTayiu B Mipy 3baradenss mwiiBku Al. ITpu 10 mac. % Al
ONTUMAaJIbHA e)eKTUBHICTD MEePETBOPEHHS CTAHOBUJIA IIPHUOIU3HO 7 %, MakCUMAaJbHE 3HAUYEHHS KoediIlieH-
Ta igeaspHOCTI ckaanano 17,51, a sHavenHsa mupuau cmyru — 3,56 eB. Kpim Toro, muis Beix BumipioBanb BU-
3HAYAN TMUTOMUM OMIp, KOHIIEHTPATII0 HOCIS TAa PYXJUBICTH. BeTaHOBIIEHO, IO 3MEHIIeHHS KoediIlieHTa
Xosa mpuasesio 10 30LIbIIeHHS KOHIIEHTPAIIl HOCls 13 30iabienasaM BmicTy Al, Tomi sk 301IbIIEHHS PyX-
JIMBOCTI B1IOYBAJIOCS Yepe3d 3MEHIIEeHHs eJIeKTPUYHOro onopy. KBaHToBa epeKTUBHICTH COHIYHOTO €JIeMEeH-
Ta, BAMIPSIHA Ha JOBKUHI XBuTl B gianasoui 400-1000 um, suaxonmiaacs B mesxax 0,4-0,5.

Knrouogsi cinosa: Touxi ik Al:ZnO, Corsunuii enement 3 rereporepexogom, SCAPS.
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