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B o0anmnou pabome 6vi10 nposedeno mooenuposanue OCHOBHbIX NApaMempos
COMHEUHBIX INEMEHMO08, MAKUX KAK. HanpsiceHue xonocmoco xo00a Vo, niomHocmo
MOKa KOPOMKO20 3aMblKaHus Js,, paxmop 3anonnenus FF, koagpgpuyuenm nonezrnoeo
oeticmeusi (KIIJ]) h conneunvix anemenmos na ocnose cemeponepexooos ZnTe/CdSe
u 2ZnSe/CdSe, 6 sasucumocmu om 6HeWIHUX YCIOBULL: IKCHIYAMAYUOHHAS
memnepamypa, moauuHbl NO2NIOWAWEe20 U OKOHHO20 cloed. buvliu HatideHbl
HAYAIbHbLE XAPAKMePUCTNUKY OJist NOJLYYEeHUSL COTHEUHbIX JIEMEHMO08 ¢ ONMUMAIbHOU
P hexmusHOCmMbI0 NPEoOPA306AHUSA FIHEPSUU CBEMOBO20 U3TYUEHUSL.

Kniouesvie cnosa: conneunviti anemenm, SCAPS-1D, xoaghguyuenm nonesnozo
Oeticmausi.

In this papera modeling of the main working parameters, such as: open-circuit
voltage V., short-circuit current density J, fill factor FF, efficiency / of solar cells
based on ZnTe/CdSe and ZnSe/CdSe hetero-junctions (HJ) depend on the external

conditions: operation temperature, absorption and window layers thickness. Were
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determined a basic parameters for obtaining solar cells with optimal efficiency of
light irradiation conversion.

Key words: solar cell, SCAPS-1D, efficiency.

Nowadays a solar energy usage pays a higher attention of researchers as a
perspective way of global energy crisis solution. Among the different methods of a
conversion of solar energy into electric a photo-electrical transition is most reviewed.

In recent time for solar cells (SC) manufacturing used single-crystal,
polycrystalline and amorphous Si, semiconductor thin films, etc [1]. H-VI
semiconductor compounds, such as cadmium selenide (CdSe), zinc selenide (ZnSe),
zinc telluride (ZnTe), are considered as a promised materials for economically
effective unijunction and tandem photo-convertors because of their band gap (1.70
eV — CdSe, 2.67 eV — ZnSe, 2.26 eV — ZnTe). They may be used as absorber and
window layers in solar cells applications. Therefore un-doped CdSe and ZnSe layers
have n-type conductivity, ZnTe layer have a p-type [2-3].

For modeling SC characteristics are present several programmable packages:
AMPS-1D, ASA, PC-1D, SCAPS-3200. The last software due to its convenience and
development is most powerful for our improvement [4]. Abilities of this software
allow to consider own properties of semiconductor layers as a recombination
processes, which took place in interface boundaries and to determine the main SC
characteristics: dark and light I-V curves, spectral distributions of quantum efficiency
etc. The optimization of CS construction parameters based on ZnTe/CdSe and
ZnSe/CdSe heterojunctions by modeling their main working characteristics using the
SCAPS-3200 software package caused the aim of study.

In table 1 is present the input parameters for modeling solar cells in SCAPS
software.

The main construction parameters which affect to the CS efficiency are window
and absorber layers thickness. Therefore in this work an influence of these values on
CS characteristics was investigated and their optimal values were determined.



Table 1

Basic parameters used at modeling of SC characteristics based on HJ
ZnTe/CdSe and ZnSe/CdSe

Compounds
Parameters
n-CdSe | p-ZnTe | n-ZnSe
Wide band gap (300 K) E,, eV 1.74 2.39 2.70
Electron affinity ¢, eV 4.95 3.53 4.09
Dielectric permittivity e 6.10 7.28 5.70
Effective density of states of th ducti
ective density of states o_3 e conduction 17510 | 22410 | 2.40-10%°
band N., cm
Effective density of states of the valence band 19 19 19
3 2.10-10” |1.60-10" | 1.80-10
N,, cm
Electron mobility p,, cm“/Volt-c 650 340 500
Hole mobility p,, cm“/Volt-c - 100 30

Modeling was carried out in the range of the absorber layer thickness CdSe d =
1 — 3 mm, window layer ZnTe (ZnSe) thickness d = 0.1 — 0.6 mm, operation
temperature T = 280 — 320 K.

On fig.1 shown light I-V curves of SC based on ZnTe/CdSe and ZnSe/CdSe HJ

modeled at different absorber layers thickness.

As a result of a modeling it was carried out, that in case of HJ ZnTe/CdSe at the
increasing of the absorber layer thickness from 1.0 to 3.0 mm observed some
increasing of /A of about 1 % in borderline cases. It may be explain by the presence of
larger crystallites in ZnTe film by the increasing of the window layer. During the
exploitation solar cell may heat, this factor may significantly impact on their working
characteristics. Therefore we investigated an operational temperature influence on I-
V curves ZnTe/CdSe and ZnSe/CdSe heterojunctions.
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Fig. 1. Light I-V curves simulation of solar cells based on ZnTe/CdSe (a)

and ZnSe/CdSe (b) hetero-junction depend on absorber layers thickness

In both cases solar cells modeling was estimated in the range of temperature T
=280-320 K. It was determined that at increasing of operation temperature value V.
of SC ZnSe/CdSe decreased that may be explain by temperature dependence of

current saturation.

A comparison of the photo-convertors characteristics based on ZnTe/CdSe and
ZnSe/CdSe heterojunctions shown on table 2.
Table 2
Solar cell modeling parameters with optimal constructional conditions
(dcase = 3 MM, dznreznse = 0.1 mm, T = 320 K)

Heterojunction Voo, VOIt Jse, MA/cm® FF, % h, %
ZnTe/CdSe 0.87 24.91 71.02 17.36
ZnSe/CdSe 0.61 15.83 42.34 4.06

The results of quantum efficiency modeling of both hetero-junctions presented

on fig. 2.
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Fig. 2. Numerical modeling of solar cells quantum efficiency based on
ZnTe/CdSe (a) and ZnSe/CdSe (b) hetero-junction depend

As fig. 2 shown, the results of modeling are well correlated with theoretical
study. In case of HJ ZnTe/CdSe value of QE at increasing of the absorber layer is
bigger at the “red boundary” destination point and the maximal value of QE is about
95 %. In case of HJ ZnSe/CdSe the dependence of QE on the thickness of absorber
layer is more difficult and is present at the lower values of the wavelength (4 ~ 300

nm).

At the increasing of the ZnTe (ZnSe) layer thickness an absorbance of photons
with energy of hv >E, has a bigger value. Decrease of the photons in absorber layer,
which have an energy, bigger than E, value for ZnTe, leads to decreasing of quantum

yield of CS in the range of the wavelength 4 > 680 uwm.

An analysis of the light I-V curves and quantum efficiency modeling results of
SC based on ideal HJ ZnTe/CdSe and ZnSe/CdSe occurs to make the next

conclusions:

SC efficiency based on ideal anisotropic HJ p-ZnTe/n-CdSe at optimal device
construction (absorber layer thickness was dcgse = 3 mm, window layer thickness was

dznme = 0.1 mm) at the operation temperature T = 320 K may to increase on value /=

17.36%. This photo-cell has a wide photo-sensitivity area, which is present in the



range of A = (516 — 732) nm. SC efficiency based on ideal isotopic HJ n-ZnSe/n-
CdSe is generally less and not bigger than /1= 5%.

Given the fact that the lattice mismatch in p-ZnTe/n-CdSe HJ is less than 1%, it
provides an obtaining of the interface near to ideal, is a possibility to obtaino real
high-efficiency photo-converters. This fact makes the perspective of their usage as a
base (first) element of tandem solar cells.
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