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The I-V-T characteristics of perovskite based solar cells using hybrid organic-inorganic metal halide
(CH3NH3PbBrs) as one of the material components have been studied. A numerical simulation has been
performed through Solar Cell Capacitance Simulator (SCAPS-1D) software to simulate the perovskite solar
cells. Poisson equation and continuity equations for the solar cells have been employed using SCAPS-1D
program. The variation of the current density with voltage, current density with temperature, efficiency
with defect density, and efficiency and fill factor with rise in temperature of the solar cells has been pre-
sented in this study. From the investigations, the perovskite solar cell efficiency of the order of 27.5 % has
been obtained at an operating temperature of 270 K. The current density for all temperatures is constant
having a value close to 25 mA/cm? until the supply voltage is 1.125 V. The power density increases linearly
to a maximum of 27.5 mW/cm?2. The open circuit voltage and temperature are inversely proportional to

each other. The obtained efficiency is 27.54 % at a defect density of 1015 cm 3.
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1. INTRODUCTION

Currently, perovskite solar cells have turned out to
be highly promising for the future thin film photovolta-
ic technology. Perovskites are materials that are de-
scribed by the formula ABX3, where X is the halide
anion, A is the organic ammonium, and B is the metal
cation, such as lead (Pb). Perovskite based solar cells
are in focus of the scientific community due to lower
input costs, easy and cost-effective fabrication options,
and higher output efficiency [1]. The solar cells based
photovoltaic technologies are broadly classified into two
different categories such as i) 15t generation PVs which
are wafer-based PVs and ii) 2n generation solar cells
based on thin-film PVs [2]. The well-known examples of
the 1%t generation PVs are traditional crystalline silicon
(c-S1) and gallium arsenide (GaAs) solar cells, which
are wafer-based. Although over 90 % of the current PV
market is dominated by c-Si cells, GaAs-based solar
cells exhibit the highest efficiency [3, 4]. On the contra-
ry, thin film based solar cells allow the use of extremely
thin films and absorb light more efficiently than silicon
based solar cells. Approximately 5 % of the total PV
market is currently held by cadmium telluride (CdTe)
based thin film solar cells. The successful commerciali-
zation of this technology is possible due to the high cell
efficiency and module efficiency, which are reported to
be more than 20 % and 17.5 %, respectively [5, 6]. Low
absorption coefficient, high cost and decreased efficien-
cy of solar cells at high temperatures are the main dis-
advantages of wafer-based solar cells as compared to
thin-film ones [7].

Therefore, to overcome these drawbacks, an emerg-
ing thin-film PV technology based on perovskite solar
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cells, having the potential to extend the current cell
efficiency and other performance-based limits, is in fo-
cus of the scientific community. These perovskite solar
cells employ organic-inorganic metal halide based hy-
brids as the medium to absorb electromagnetic radia-
tion. Due to low input material costs, high cell efficien-
cy and inexpensive fabrication methods, these organic-
inorganic metal halide based hybrids are considered
promising materials for solar cell applications [8, 9].
Lead or tin halide based material, which crystallizes in
the perovskite structure, is used as a light-harvesting
active layer in perovskite solar cells [10]. Perovskite-
based materials used in solar cells have many desired
properties, such as long transport distance of electrons
and holes, large absorption spectrum, fast charge sepa-
ration, and longer carrier separation lifetime. As a re-
sult, these materials are very promising candidates for
solid-state solar cell applications. Perovskite materials,
for example, methylammonium lead halide are inex-
pensive to synthesize and require simple manufactur-
ing process [11]. In 2012, Lee et al. [12] used halide
perovskite materials CHsNH3sPbBrs and CH3NHsPbls.
They were apparently the first to use these materials
for liquid electrolyte-based dye-sensitized solar cells.
Many characteristics of perovskite solar cells, in-
cluding flexibility, lightweight and semi-transparency,
have been improved to a large extent in the past few
years. In addition to the above stated properties, a wide
spectral absorption range, large absorption coefficient,
higher carrier mobility, larger diffusion length, and
longer carrier lifetime [13, 14] are also responsible for
the enhanced solar cell performance. However, the cur-
rent-voltage characteristics of these solar cells and per-
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formance-related degradation issues in ambient condi-
tions have not yet been clearly studied [15].

In this research, we propose a perovskite solar cell
configuration model to achieve better performance us-
ing a solar cell capacitance simulator (SCAPS-1D) [16-
18]. The remaining paper is organized as follows. Sec-
tion 2 presents the proposed device structure and de-
vice modeling with device parameters. Section 3 com-
prises of results and discussion. Finally, conclusions
are given in Section 4.
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where ¢ is the electrostatic potential, ¢ is the electric
charge, ¢ is the permittivity of free space, n is the con-
centration of free electrons, p is the concentration of

free holes, N}, are the ionized donors, N, are the ion-

ized acceptors, p: is the density of trapped holes, n: is
the density of trapped electrons, G is the generation
rate, R is the recombination rate, D, is the electron
diffusion coefficient, D, is the hole diffusion coefficient.

Poisson's equation relates the electrostatic potential
to charge, whereas the continuity equations for holes
and electrons include field drift due to the potential
gradient. At the interfaces and contacts, appropriate
boundary conditions are used to get coupled differential
equations. These equations are solved to determine
solar cell device parameters.
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Fig. 1 — Schematic structure of a perovskite solar cell

Table 1 — Parameters used for the simulation

Parameters |SnOz| NiO | CHsNH3PbBrs|MeOTAD
Thickness (um)| 0.06 | 0.08 0.1 1.5
E, (eV) 3.6 | 3.9 2.2 2.99
Na(em-3) | 10 | 1019 1010 1019
Na(cm-3) | 10 | 1010 1019 107
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2. DEVICE MODELING

These calculations were carried out by SCAPS-1D
software for modeling perovskite solar cells. SCAPS-1D
is a one-dimensional program and one of the renowned
applications for simulation and modeling of perovskite
solar cells. This software was developed by the Depart-
ment of Electronics and Information Systems (ELIS),
University of Ghent, Belgium. SCAPS-1D software was
designed to simulate electrical characteristics at differ-
ent operating temperatures.

SCAPS-1D is based on solving basic semiconductor
equations, including Poisson's equation (1) and conti-
nuity equations (2) and (3):
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(1-3)

Fig. 1 represents the schematic diagram of a perov-
skite solar cell. The material parameters of each layer
employed for the simulation are shown in Table 1.

3. RESULTS AND DISCUSSION

Fig. 2 illustrates the J-V characteristics of the per-
ovskite solar cell presented in Fig. 1. It shows the vari-
ation of current density as a function of applied voltage
at different temperatures between 270-320 K for every
10 K. Initially, the current density for all temperatures
is constant and has a value close to 25 mA/cm? until the
supply voltage is 1.125 V. Thereafter, the current den-
sity suddenly decreases. The voltage corresponding to
the onset of a sharp decrease in the current density
deceases linearly with increasing temperature.

On the other hand, Fig. 3 shows the variation of
power generated by the perovskite solar cell at 270 K
as a function of electric field. We observe that the pow-
er density increases linearly to a maximum of about
27.5 mW/cm?2. However, the series resistance of the
perovskite solar cell tends to decrease the Fill Factor
(FF) significantly [19].
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Fig. 2 - J-V characteristics of the perovskite solar cell

In addition, Fig. 4 illustrates the variation of open-
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circuit voltage and short-circuit photocurrent density
with temperature. Small variation in the photocurrent
increases exponentially with increasing temperature
and vice versa. On the other hand, open-circuit voltage
and temperature are inversely proportional to each
other. The open-circuit voltage decreases linearly with
increasing temperature and vice versa.
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Fig. 3 — P(V) characteristic of the perovskite solar cell at 270 K
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Fig. 4 — Influence of temperature on short-circuit photocurrent
density and open-circuit voltage
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Fig. 5 — Effect of temperature on the efficiency and FF
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The defect density plays an important role in boost-
ing the device performance. A higher defect density in
the absorber film is due to higher recombination be-
cause of the formation of holes, a higher degree of deg-
radation of the layer, and also a decrease in the per-
formance of the device [21]. To optimize the defect den-
sity in the absorber, simulation was done by changing
the defect density at 270 K from 105 to 109 cm 3. As
shown in Fig. 6, the obtained efficiency is 27.54 % at a
defect density of 1015 ¢cm —3.

4. CONCLUSIONS

The I-V-T characteristic of the perovskite based so-
lar cell shows that the current density remains con-
stant with voltage and decreases linearly with an in-
crease in temperature in the range studied. The open-
circuit voltage increases non-linearly with tempera-
ture, whereas the efficiency and fill factor decrease
with the rise in temperature of the solar cell. From the
investigations, the perovskite solar cell efficiency of the
order of 27.5 % is obtained at an operating temperature
of 270 K. The defect density in the absorber should be
maintained up to order of 1015 cm -3,
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Amnasmnia xapakrepuctuk I-V-T consunux esemenTie Ha ocHOBi meposckity CHsNH3;PbBr;
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Hocmimreno xapaxrepucturu [-V-T cOHSYHMX €JIEMEHTIB Ha OCHOBI IIEPOBCKITY 3 BUKOPHUCTAHHSIM Ti0-
PHUAHOrO opraHiyHo-Heoprauiuuoro rajorexiny merany (CHsNH3zPbBrs) six ogmoro 3 kommnoHneHTiB MaTepia-
sy. UucesbHe MojesOBaHHS OyJi0 BUKOHAHO 34 JIOIIOMOTOI0 Iporpamuoro 3atesmeuenns SCAPS-1D miua
MOJIeJIIOBAHHS IIePOBCKITHUX COHSYHUX eseMeHTIB. PiBHsuus [lyaccoHa Ta piBHsSHHS 6e3repepBHOCTI A
COHSTYHUX €JIEMEHTIB OyJiu BUKoOprcTaHi 3a moromoro nporpamu SCAPS-1D. V nocimimkeHH] npeacTaBieHo
3aJIEsKHOCTI I'YCTUHH CTPYMY BiJ HAIIPYTH, TYCTHHU CTPYMYy BiJ TeMIlepaTypH, KoedillieHTa KOpHUCHOI il BLx
ryctuHU AedeKTiB, a TAKOXK KoedillieHTa KOPUCHOI il Ta KoedillieHTa 3al0BHEHHS BiJ TeMIIEPaTyPH COHIY-
HUX €JIEMEHTIB. 3 JOCIIIKeHDb 0yJI0 OTPUMAHO KOe(iIlieHT KOPUCHOI il ITePOBCKITHUX COHAYHUX €JIEMEHTIB
omu3bKo 27,5 % mpu pobouiit Temmepatypi 270 K. I'yeruna crpyMmy as1s Beix TeMIiepaTyp € IIOCTIMHOI 1 Mae
3HAUYeHHsd, OJmM3bKe 10 25 MA/cM?2, s Hanpyrd skusieHHs 1,125 B. I'yermaa morys:kHOCTI JTIHINHO 3pocTae
1o makcumymy 27,5 mBr/cm2. Hampyra xostocToro xomy i Temmeparypa 00epHEHO IIPONOPIIIMHI OJHA OMHIMN.
Orpumane sHaYeHHA KoedillieHTa KOPUCHOI Iii cTaHoBUTD 27,54 % mpu ryctusi medexrtis 1015 cm -3,

Kmiouosi cnosa: SnO2, NiO, ITeposckir, Comstuni enementu, SCAPS-1D.
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