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Renewable energy is actually in exponential evolution to find out a natural, low price, secured and safe
alternative for fuel energy resources. Recently, different layer deposition methods of perovskite materials
are investigated in photovoltaic applications in order to understand the effect of ambient parameters on so-
lar cell characteristics such as short circuit current density (Ji), open circuit voltage (Vc), fill factor (FF)
and power conversion efficiency (PCE). In this paper, the spray pyrolysis deposition method with a moving
nozzle has been used to fabricate the organic-inorganic perovskite material layer: methylammonium lead
triiodide CHsNHsPbIs (MAPDIS3). In this context, three samples of organic perovskite CHsNHsPbls material
have been deposited under various processing temperatures; 70 °C, 80 °C and 100 °C at ambient conditions
in order to deduce the effect of temperature on different optical and morphological parameters, namely,
layer form, band gap and Auerbach energy. Therefore, each sample's band gap was calculated using optical
transmittance spectrum (UV-visible spectrophotometer Shimadzu, Model 1800) and each optical character-
istic was made through scanning electron microscope (SEM:FEI Quanta 250 with a tungsten filament). It
is found that Auerbach energy decreases with increasing processing temperature giving the lower value of
0.66 eV at 100 °C, which also corresponds to the better band gap value of 1.49 eV. In addition, it is to note
that from SEM analysis, the layer morphology of perovskite CHsNHsPbls is better with high processing
temperature value in comparison with lower ones. The obtained results are encouraging for use the 100 °C

processed perovskite CHsNH3PbIs for new generation high efficiency solar cell applications.
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1. INTRODUCTION

Solar energy conversion into electricity using low
processing fees and low-cost materials [1, 2] is an im-
portant field of research in last years. Perovskite mate-
rials are abundant in the nature and have electrical
and optical characteristics that attract researcher's
attention to investigate its application in solar cell
technology. Perovskite-based solar cells are subject of
experimental and simulation studies [3-5] to enhance
electrical, optical and morphological parameters in or-
der to maximize the power conversion efficiency. There-
fore, preparing an organic-inorganic CHsNH3PbIs per-
ovskite-based solar cell has a lot of methods from which
we will study the spray pyrolysis one that uses low pro-
cessing temperatures (less than 150 °C) and hence eco-
nomical material processing.

Spray pyrolysis method [6] is a low cost processing
method because it uses low temperature. In this work,
a deposition of a CHsNHsPbls perovskite layer using
spray pyrolysis method has been investigated. There-
fore, different processing temperatures have been used
in layer spray pyrolysis phase in order to find out their
effects on optical parameters and morphological char-
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2. EXPERIMENTAL DETAILS

Fig. 1 shows the flow diagram of material pro-
cessing steps, where the first step focuses on preparing
perovskite CHsNH3Pbls material. This can be done by
dissolving two substrates: lead iodide (PbIz) and me-
thylammonium iodide (CHs3NHsl) in dimethylforma-
mide (DMF). The second step consists in agitating the
hole solution for 3 h at constant temperature of 70 °C to
obtain a homogenous liquid. Next step, a spray pyroly-
sis processing is applied using 70 °C, 80 °C and 100 °C
on obtained solution. Finally, the resulting layer is air
heated at a temperature value of 100 °C for 10 min.

3. RESULTS AND DISCUSSION

Fig. 2, Fig. 3 and Fig. 4 present the morphology of
layers deposited at various temperatures 70 °C, 80 °C
and 100 °C, respectively. From the figures, it is clear
that more compact morphology is obtained at 100 °C
processing temperature which means that there is a
large area for electron mobility. Therefore, the result
gives a homogeneous structure that facilitates electron
transport between the ETM and HTM layers. However,
the film, which has been prepared at 70 °C, has many

acteristics of the resulting CHsNHsPbls organ- )

ic/inorganic perovskite material. hples and. cracks, which could cause a sharp leak. The
film that is set at 80 °C contains a less number of holes
but it has a few clusters.
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Fig. 1 — Material processing steps
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Fig. 2 - SEM image obtained under a processing temperature
of 70 °C
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Fig. 3 — SEM image obtained under a processing temperature
of 80 °C

Fig. 5 plots transmittance versus wavelength of
perovskite layers deposited at various processing tem-
peratures. From the figure, the CHsNH3PbIs thin film
shows high absorbance for the wavelength range of
700-800 nm at different temperatures.

According to the absorption spectrometry, it is no-
ticed that the layer deposited at high temperature
(100 °C) has an optical absorbance greater than layers
deposited at lower temperatures (70 °C and 80 °C).
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Fig. 4 — SEM image obtained under a processing temperature
of 100 °C
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Fig. 5 — Variation of transmittance as a function of wave-

length of perovskite layers deposited at different processing
temperatures

This characteristic affects the layer band gap.
The absorption coefficient a is given as:

1. 1
a==ln—, 1
707 @)
where d is the layer thickness of thin films and T is its
transmittance. The film thickness d is obtained from
the following equation:

d=— (2
Pra,

where M is the mass of the thin film, p=4.15 glcm? is
CHsNHsPbls material density and a represents the

surface area. The mass M is obtained using the follow-
ing formula:

M=M,-M, 3)

where Mi and M are the mass of the substrate before
and after CHsNHsPbIs deposition, respectively.

The band gap of the realized CHsNH3sPbIs perovskite
layer is written as:

1

ahv=B(hv-E,)?, )

Fig. 6 plots (ahv)? as a function of hv for different
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processing temperatures of perovskite material. From
the figure, the band gap can be obtained from the inter-
section between the straight line with the abscise line.
Therefore, the deduced direct band gap can be found
between 1.41 and 1.49 eV. Thus, the obtained results
are summarized in Table 1.

Table 1 — Band gap and Auerbach energy values for different
processing temperatures

T, °C 70 80 100
FEq, eV 1.41 1.42 1.49
Ey, eV 0.78 0.74 0.66
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Fig. 6 — Variation of («¢hv)? as a function of Av for different
processing temperatures a) 70 °C, b) 80 °C and ¢) 100 °C
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It is clear that the band gap value increases with in-
creasing processing temperature.

Auerbach energy Ey is a principal optical characteris-
tic of a thin film layer; it is calculated using the following
expression:

ln(a):ln(a0)+%. 5)

Fig. 7 shows the variation of In(e) against hv for dif-
ferent processing temperatures of perovskite material.
From the figure, we can obtain the reverse Auerbach
energy using the value found from the intersection be-
tween the straight line with the abscise line. Therefore,
it is noticeable that Auerbach energy decreases with
increasing processing temperature which means that
high temperature processing gives a crystalline struc-
ture with fewer defects.

Table 1 also summarizes the Auerbach energy values
obtained for different processing temperatures of perov-
skite material.
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Fig. 7 - Variation of In(a) as a function of hv for different pro-
cessing temperatures of perovskite material

4. CONCLUSIONS

In this work, the effect of processing temperatures
on different optical and morphological parameters us-
ing spray pyrolysis deposition of CHsNH3sPbls perov-
skite has been presented. It is found that morphology
structure, band gap and Auerbach energy are better
with processing temperature of 100 °C in comparison
with lower ones. Therefore, the obtained results pro-
vide guidance for use the 100 °C processed perovskite
CHsNH3Pbls for new generation high efficiency solar
cell applications.
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neposckity CHsNH;s;Pbls, orpumanoro meromgom cupeii-nipostisy

I. Kemerchoul?, F. Rogtil, B. Benhaoua?, N. Lakhdar3, A. Hima3,
O. Benhaoua?, A. Khechekhouche?

1 Laboratory of Analysis and Control of Energy Systems and Networks, Faculty of Technology University Amar
Telidji Laghouat, BP 37G, Ghardaia Road, 03000 Laghouat, Algeria
2 University of El Oued, UDERZA Unit, Fac. Technology, 39000 El Oued, Algeria
3 University of El Oued, Fac. Technology, 39000 El Oued, Algeria

TlonoBimoBaHi mKepesaa eHeprili PAKTUYHO 3HAXOAATHCSA B €KCIIOHEHITIMHIN eBOJIIOIIl, 1106 3'scyBaTu
IPUPOJIHY, JElleBy, 3aXUIeHy Ta 0e3leyHy aJIbTepPHATUBY JJIsI €HePreTHUHUX pecypciB naumsa. OcranuiM
YacoM IOCIIIKEeHO PI3HI CIOCO0H OCa yKeHHs IIapiB MEePOBCKITHUX MATepiaiB y DOTOEIEKTPUYHUX 3aCTOCY-
BAHHSAX 3 METOI0 PO3YyMIHHS BILUIMBY 30BHIIIHIX IapaMeTPiB HA XapaKTEPUCTUKY COHSIYHUX €JIEMEHTIB, Takl
SIK IIUIBHICTH CTPYMY KOPOTKOTrO 3aMuKaHHS (Js), Haupyra posiMmrryToro saHiora (Vo), KoedilieHT 3a1os-
wenua (FF) i edexrusHicth meperBopeHHss eHeprii (PCE). V mamiit poGoTi MeTOI OCAIKeHHS CIIpei-
miposIi3oM 3 PYXOMHM COILIOM OyB BHUKOPHUCTAHWM [JIsT BUTOTOBJIGHHS IIapy MaTeplasy OpraHiqHO-
HEeOPraHIYHOIO IePOBCKITY. ¥ I[bOMY KOHTEKCTI TpY 3padka Marepiaiay oprariuaoro neposckity CHsNH3zPbIz
OyJsm ocajpreH] pu pisHuxX Temmeparypax 00pooku 70 °C, 80 °C ta 100 °C mpu ymoBax HABKOJIHIIHBOTO CE-
penoBuIa, mo6 3'SICyBaTH BILJIUB TeMIEPATYPU Ha Pi3Hi OITHYHI Ta MOPQOJIOTiUHI Iapamerpu, a came: ¢o-
pMy miapy, mupuHy 3a00poHeHOI 30HU Ta eHeprio Ayepbaxa. Tomy mmpuHa 3a60pOHEHOI 30HU KOMKHOIO
3paska po3paxoByBAJIACS 34 JOIIOMOIOI0 CIeKTPy onTuyHOro mporyckaunss (YO -Bugumuii cieKTpodoToMeTp
Shimadzu, Mozesb 1800), i KOKHA ONTHYHA XAPAKTEPHUCTUKA OTPUMYBAJIACS CKAHYIOUNM EJIEKTPOHHUM Mi-
kpockorioMm (SEM:FEI Quanta 250 3 BosibdpamoBoio HuUTKOW). Byso BeramoBieHo, 1o eHepris Ayepbaxa
3MEHIIy€eThbCA 31 30LJIBIIIEHHAM TeMIepaTypu o0poOKH, mawun MiHiMasiabHe 3HaveHHs 0.66 eB mpu 100 °C,
10 TAKOYK BIAIIOBiZAae KPaIlIoMy 3HAYEHHIO MINPUHA 3a00poHeHol 30HU 1.49 eB. Kpim Toro, ciix 3asHauwnTy,
o 3 anamnisy SEM mopdosorisa mapy meposckity CHsNHsPbls kpamia npu BucokomMy 3HaYeHHI TeMIieparTy-
pu 06pOoOKK y HMOPIBHAHHI 3 HIYKYUMU Temireparypamu. OTprMaHi pe3ysIbTaTH 320X0UYIOTh BUKOPUCTAHHS
neposckity CHsNH3sPbls 06po6itenoro 3a temmneparypu 100 °C s BuCOKOepeKTHBHUX COHSIYHUX €JIEMEHTIB
HOBOTO TIOKOJIIHHSI.

Kirouogi ciiosa: CHsNH:Pbls, Crpeii-miipostia, 3aboporena 3oua, Enepris Ayepbaxa, Temmeparypa 00poOxm.
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