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Hybrid electronic devices give a reasonable path for feasible power sources and other further applications due to its easy
arrangement, preparation, producing, ease of materials, and less environmental impact. In this paper, we have discussed
electrical properties of hybrid bromide perovskite nanoparticles and current progressions in perovskite photovoltaic devices
have also been discussed. In order to fabricate, low-temperature solution-processed devices using one-step spin coating methods
play a key role in producing uniform thin films. The spin coating technique has been used for the deposition of the precursor
solution including methylammonium bromide (MABr) and lead bromide (PbBr2) with molar ratio (3:1) to prepare the thin films
onto FTO-substrate. One-step solution processes has been used for deposition of the CHsNH3PbBr3; absorber layers and have
explained an overview of material composition, deposition technique and the architecture of the device, the selection of charge
transport layer and electrode.
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The speed up world population expansion and post industrialized period bring to consideration a unexpected
requirement of energy, answerable for environment dilemma, sustainable growth concerns with financial challenges [1-3].
Presently, finite sources of energy like fossil fuels are the resource for greater than 85% of the world main power and
accountable in support of most of the green house gas emission. Wind, sun, hydraulic, biomass and geothermal have been
studied for the technologies that take benefit of renewable energy sources. Sunbeams has an huge potential as energy
resource among an irradiance 1.8 x 10!*kW at earth's outside, which can be convert in electrical energy as well as heat
with negligible natural impact. Photovoltaic devices are one of the great hopeful mechanization for producing electricity
from sunlight [4-6].

Kojima et al. [7] have demonstrated that organometal halide perovskites as light absorber with 3.8% power
conversion efficiency. The organometalic hybrid halide perovskite material used, with the nonspecific structure of
CH;3NH3PbX;, quickly proved to have an amazing high efficiency as light absorber displaying also very strong hole and
electron conductivity. This disrupting result led to the appearance of a new thin film photovoltaic family— in today’s world
one of the most investigated families of photovoltaic devices are Perovskite photovoltaic devices [8]. The rapid attention
on the perovskite photovoltaic devices has correlated to the great enhance on energy conversion efficiency, this
technology experienced in the last 7 years, from 3.8% in 2009 to 22.1% in 2017 [9]. The essential property of Hybrid
organic-inorganic Perovskites is their phase complexity from cubic, tetragonal, orthorhombic and monoclinic polymorphs
(orthorhombic (space group -Pna21) to tetragonal (space group- P4/mmm) transition at 161.4 K and tetragonal to cubic
(space group- Pm_3m) at 340.4 K). The main reason for phase transitions is a change in temperature, pressure, and applied
field [10]. Theoretically number of first principles calculations for CH3;NH3Pbls has been reported in recent years, for
instance, Li Lang et. al and Yuan Ye et. al. reported that band gap and lattice constant depends upon A, B and X in ABX3
they reported that as A increases from Cs to CHsNH3* or NH;CHNH;" and X changes from Cl to Br to I lattice constant
increase and B varies from Sn to Pb band gap increase [11-12]

The promising organic-inorganic hybrid halide perovskite photovoltaic device (PPVs) represent one of the life-
changing technology, just like organic photovoltaic devices (OPVs), and DSSCs, Perovskite also potentially can be
converted into light-weight, adjustable and low in cost power sources throughout the high-throughput solution fabrication
[13-15]. Perovskite photovoltaic devices have therefore acquired the exhaustive efforts in research from both academic
world and industry. It fundamentally benefits from the outstanding electrical properties of semi-conducting organic—
inorganic hybrid perovskite, such as the strong optical absorption coefficient, a long carrier life time, diffusion length,
direct band gap, and high electron/hole mobility in crystalline state [16-17]. Most prominently, organic-inorganic lead
halide perovskite produces loosely bonded exciton with truly little bonding energy, which facilitates the manufacture of
free charge carriers within the Perovskite by the cost of negligible dynamic force [18].
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EXPERIMENTAL METHODS
The heterojunction device has been fabricated onto coated glass-substrate. The zinc powder and hydrochloric acid
(HCI) (2.0 M) have been used to etch the fluorine-doped tin oxide (FTO) substrate to acquire the required electrode
pattern. After that the substrate was cleaned. The cleaning process of FTO substrate has been displays in Fig. 1.
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Figure 1. Illustration of method to clean FTO coated glass-substrate before fabrication of device.

Synthesis of CH3NH3;PbBr; precursor solution. CH3;NH;Br has been synthesized at 0° C by reacting aqueous
hydrobromic acid (HBr) under continuous stirring of 2 hr. After that to remove the solvent the solution has evaporated
for 45 min at 60. Through this process the solution transforms into white powder crystals that have washed three times
by diethyl ether attend by overnight drying at 60 in vacuum oven. The field emission scanning electron microscopy
(FESEM) image of methylammonium lead bromide (CH3NH3PbBr3) perovskite precursor solution onto glass-substrate
has been prepared by the deposition of one-step spin coating technique and displays in Fig 2. This image exhibits large
domain size of perovskite material with uniform grains distribution and complete surface coverage.
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Figure 2. FESEM image shows the surface morphology of perovskite precursor solution.

Photovoltaic device fabrication. The fabrication procedure is following as,
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Figure 3. (a) Layout of fabricated device
heterostructure, (b) Energy diagram of
corresponding device with charge carrier
transportation from perovskite to respective
electrodes in illumination.
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Firstly, the FTO coated glass-substrate has been cleaned as shown in Fig. 1 and then giving it an ozone treatment
for 15 minutes for the better deposition. After that, the CH3;NH3;PbBr; Perovskite layer (photoactive layer) has been
directly coated onto FTO substrate by 2500 rpm for 40 sec and then heated up-to 110 for 5 minutes. A layer of Phenyl-
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Ce1-butyric acid methyl ester (PCs1BM) has been deposited onto perovskite layer by 3000 rpm for 40 sec and then heated
for 2 min. Now, the Bathocuprione (BCP) buffer layer has coated onto PCsiBM layer by 4500 rpm for 40 second and
annealed the device for 5 min. All the layers have been deposited by spin-coating technique inside the glove box under
nitrogen gas. Finally, the device has been completed by thermal evaporation of Al to make the top electrode (cathode).
The fabrication steps and architecture of the planer perovskite photovoltaic device has displayed in Fig. 3(a). The resultant
device is composed of AI/BCP/PCBM/Perovskite/FTO and the energy level diagram of the device has shown in Fig. 3(b)
with transportation of the charge carriers excited from Perovskite layer in illumination and then transport to their
respective electrodes.

RESULT AND DISCUSSIONS

The surface morphology of perovskite precursor solution characterized by field emission scanning electron
microscopy (FESEM) which grown on glass-substrate has displayed in Fig 2. The top view of FESEM image exhibits
large grain size of perovskite material with uniform grain distribution and complete surface coverage without
agglomeration. We have used band gap value is 2.3 eV, which is investigated in our previous paper [19].
I-V characteristics of the fabricated perovskite (photoactive layer) based device in dark and illumination condition have
shown in Fig. 4 (-10V to +10V). We have seen from the figure that in forward biasing current increases exponentially,
on the other hand the current vary slowly in dark with the applied voltage. By interpretation of current-voltage curve,
applying Shockley model we have acquired the main diode characteristics. The photocurrent is calculated by using
following formula:

I =1, [exp(qV /nkT) — 1]

Where, e is electron charge; K is Boltzmann constant; V is ideality voltage; T is absolute temperature; Iy is reverse
saturation current. The value saturation current can be described from the intercept at V = 0 can be obtained from the
slope of the linear portion of forward bias region of the semi-logarithmic J-V characteristic shown in Fig. 4(a) as shown
in Fig. 4(b), the saturation current (I5) has been calculated in the value of 1.02x10*mA by intercept at V=0 using semi-
logarithmic scale of I-V curve.
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Figure 4. (a) Current-voltage curve of heterojunction devices under the dark and illumination, (b) I-V curve repotting in
semilogrithmic scale of corresponding device.
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the curve trap centers governs the current conduction.
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SUMMARY AND CONCLUSIONS:
In this paper, we have synthesized and characterized of methylammonium lead bromide perovskite and prepared a
thin film. This film has strong surface coverage and negligible pin holes represented by FESEM image. In I-V
characteristics, we have shown that the perovskite thin film exhibit rectification behavior. The calculated saturation
current is 1.02x10“mA. We believe that this study will be beneficial in the developments of CH;NH;PbBr; based devices,
mainly for photodetectors and solar cells.
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['OpuaHi eneKTpOHHI MPHUCTPOi AAIOTh NPUHHATHUN MiAXiX OO0 MOKIMBUX JDKEPEN JKUBICHHS Ta IHIIAX MOJANBIINX 3aCTOCYBaHb
3aBISKH TIPOCTOTI PO3TAIIyBaHHS, MiATOTOBKH, BHPOOHWUIITBA, JITKOCTI BHKOPUCTAHHS MaTepiayliB Ta MEHIIOMY BIUINBY Ha
HABKOJIMIITHE CepeioBHIIe. Y I1iif poOOTi OyJI0 pO3MIISHYTO €JICKTPUYHI BIACTUBOCTI TIOPHIHIX OPOMITHUX HAHOUYACTUHOK MEPOBCKITA,
a TaKo)X OOrOBOPIOBABCS MUIX PO3BUTKY INEPOBCKITHHX (DOTOCNEKTPUYHUX NPUCTPOIB. i BHUTOTOBIEHHS IPUCTPOIB, IO
006pOOIISIOTECSI HU3BKOTEMIIEPATYPHHM PO3UHHOM, KIIIOUOBY POJIb Y BUPOOHUITBI OMHOPIHUX TOHKHX IUTIBOK Biflirpae BUKOPUCTaHHS
OJTHOETAITHUX METOJIB CHIHOBOTO IOKPUTTS. TEXHONOris CIIHOBOrO IOKPUTTS Oyja BHUKOPUCTaHA JUIi HAHECCHHS PO3YMHY
norepeHuKa, BKIo4atoun opomin Mernnammonito (MABr) ta 6pomin ceunio (PbBr2) 3 momnsipuum cniBBigHoeHHsM (3:1) mst
HaHECEHHS TOHKHX ILTiBOK Ha FTO-mignoxky. OnHoeTamnHuii nporec po3unHy OyB BUKOPHCTAHHH JUIS HAHSCEHHS IapiB ITOTIMHAYA
CH3NH3PbBr3; ta Bino6pas3uB 3arajibHe ysBICHHS II0J0 CKJIaLy MaTepialy, TEXHIKM HAaHECEHHs Ta apXiTeKTypH IPHCTPOIO, BUOIp
11apy TPAHCIIOPTYBAHHS 3apsay Ta €IeKTpoJa.
Konio4oBi cioBa: IepoBCKITHI MeTanorajaoreHiu; MOOLIBHICTh HOCISL 3apsiy; OIip; €MHICTb, CHEKTPOCKOIIS €JIeKTPOXIMIYHOTO
iMrieiancy



