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ABSTRACT 

The organic materials for hole transport layer HTL such as PEDOT: PSS and Spiro-OMeTAD are 

poor electron blockers, more expensive, unstable, and large charge recombination materials. The 

inorganic material such as nickel oxide and copper oxide thin film for hole transport layer HTL was 

used to enhance the fill factor FF, power conversion efficiency PCE and stability of the hole transport 

layer for inorganic perovskite solar cell. Lithium and Magnesium co-doped with nickel oxide 

nanoparticles deposited on indium doped tin oxide ITO glass then deposited the cesium lead iodide 

bromide layer by using doctor blade method then characterize this thin film for confirmed the 

properties of the materials. The crystal structure of nickel oxide was measured from XRD and all the 

peaks were matched with JCPDS cards. The average crystalline size was 24 nm has cubic in shape. 

For optical properties and bandgap measured, using UV visible and DRS confirmed the strong 

absorbance near to the visible range, and bandgap decreased from 3.7 to 3.4 eV by adding doping. 

After the deposition of the inorganic perovskite layer, the bandgap decreased from 3.09 eV to 2.56 

eV. RBS confirmed the chemical composition, impurity, and thickness of the thin film. The IV curve 

measurement showed the 4.3 % efficiency of the pure nickel oxide thin film, by adding the doping 

of lithium and magnesium in nickel oxide thin film showed the 7.65 % efficiency with the 83 % fill 

factor FF. 
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INTRODUCTION 

A monocrystalline silicon-based solar cell is 

the major kind of commercial solar cell 

(Ranabhat et al.,2016). The main problem 

with the silicon-based solar cell is the very 

high cost due to the high energy consumption 

and the high price of the procedures desirable 

to refine the physical to make the solar cell 
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ideals. To reduce these drawbacks, there are 

many technologies are being observed. Since 

2009, organic and inorganic hybrid Perovskite 

solar cells (PSCs) are a comparative much 

stranger comparative all the previous solar 

cells with the power conversion efficiencies of 

3.8% to 24% (Ranabhat et al., 2016). The 

progress of this type of solar cell is achieved 

only eleven years with the comparable of 

silicon base solar cell have efficiency which 

was achieved in fifty years due to it has a large 

charge diffusion lengths and high light 

absorption coefficient (Ranabhat et al., 2016). 

To improve the efficiency and increase the 

stability for this type of solar cell replacing 

organic components with inorganic 

components is the best solution to the stability 

issue (Ranabhatet al., 2016: Liu, et al., 2018). 

Recently, improvement in the composition of 

perovskite shown to tolerate more 

achievements of device stability, XR, as HC-

(NH2)2 and CH3NH3 were substituted by 

rubidium, cesium, or guanidinium. We can 

increase the stability of perovskite by 

replacing the bromide, thiocyanate, and 

chloride instead of iodine. There are different 

methods available for the deposition of 

perovskite with thermal evaporation two-step 

deposition and anti-solvent dripping which 

affect the morphology of the perovskite layers, 

By increasing the crystallinity, its efficiency 

increased by 22% with the approaching the 

commercial solar cells (Ranabhat et al., 2016). 

Increasing the lifetime of PSCs is the main 

challenge, there are many problems such as 

the upscaling and toxic lead used. 

There many organic materials are available for 

hole transport layers such as PEDOT: PSS, 

salts of lithium, Spiro-OMeTAD, and PTAA 

has a lot of drawbacks and faces many 

problems, such as irregular quality from 

distributors, weak electron blocker, 

hygroscopic in nature, air and moisture 

stabilities of these devices has serious issue 

(Ranabhat et al., 2016). PEDOT: PSS films 

reduce the performance of the device.  Mostly 

used Spiro-OMeTAD as HTL in PSCs which 

is complicated and more expensive (Ranabhat 

et al., 2016). 

The inorganic p-type materials as metal oxide 

can give carrier mobility, large stability, low 

cost, and easy alignment of the bandgap 

(Ranabhat et al., 2016). For making the 

highest photo and thermal stable PSCs there 

are different types of metal oxide or p-type 

materials are available as used for hole 

transport layers such as CuO, Cu2O, MoO3, 

WO3, V2O5, and NiOx. The mobility of holes 

is about 105–103 m2/V s, high stability of the 

air, and open-circuit voltage Voc is larger than 

the PEDOT: PSS. Nickel Oxide has become a 

favorable HTL for PSCs with simple 

preparation methods and has an efficiency of 

up to 10% (Ranabhat et al., 2016). Open 

circuit voltage Voc and power conversion 

efficiency PCE of metal oxide thin film higher 

than PEDOT: PSS (Liu et al., 2018). NiO has 

many advantages which consist of good 

electron-blocking and better conductivity. 

Synthesis of doped NiO by Solution based is 

very easy and its PCE can enhance the 

conductivity (Liu et al., 2018). In recent, many 

reported of inorganic perovskite structure 

devices with the Spiro-OMeTAD as HTL 

(Duan et al., 2018: Sanchez et al., 2018; 

Sveinbjörnsson et al., 2018; Liang et al., 2017; 

Wang et al., 2018; Liao et al., 2018; 

Murugadoss et al., 2019; Zhang et al., 2019; 

Lei et al., 2018; Beal et al., 2016; Frolova et 

al., 2016; Zhang et al., 2018; Chen et al., 2019; 

Mali et al., 2018; He et al., 2018; Sun et al., 

2018; Zhang et al., 2008; Irwin et al., 2008)). 

Inorganic perovskite structure devices with 

metal oxide thin film are also reported, (Qin  

et al., 2017; Irwin et al., 2008; Zhang et al., 

2016; Fu et al., 2019; Chen et al., 2017; Sun et 

al., 2018; Ouyang et al., 2019; Xiang et 

al.,2018; Mali et al., 2018). 

MATERIALS AND METHODS 

In the experimental techniques, we produced 

the nanomaterial and nanostructure materials 
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of nickel oxide, Lithium doped nickel oxide, 

magnesium-doped nickel oxide, and co-doped 

lithium and magnesium in nickel oxide by 

using the co-precipitation method. After the 

achieved of nano powdered was changed into 

thin-film by deposited on a glass substrate 

with the doctor blade method to study the 

chemical, optical, mechanical, crystal, and 

electrical properties. 

Preparation of Nickel Oxide by Co-

Precipitation Method 

First of all, take the nickel salt of metal as 

NiCl2 is dissolved in a solvent as deionized 

water, then the precipitating agent as NaOH 

was added dropwise to maintain the pH. 

Ni(OH)2 was obtained in the form of 

precipitating and has much unnecessary 

material. To reduce this material, filtrate it, 

then washed by deionized water. After that, 

this solution was dried in an oven at 120 0C. 

For obtaining the metal oxide, annealed it at a 

furnace in the presence of oxygen at 450 0C. 

For doping of the material, add 5% of lithium 

and 5% of magnesium into the salt of nickel 

separately and repeat the same procedure as 

the undoped material. For co-doped, both 

lithium and magnesium were added combined 

into the salt of nickel also repeating the same 

procedure as undoped material (Thambidurai 

et al., 2020).  

Making Thin Film from Nanoparticles 

Powder 

First of all, take the 1g of Nickel Oxide 

powder and added with 1ml of Ethanol, and 

make the solution into a blood testing tube. 

Sonicate this solution for 90 min at room 

temperature. Added a few drops of acetic acid 

to make the paste. When the solution is 

dissolved, it deposits on a glass substrate. 

Preparation of Inorganic Perovskite Layer 

by Doctor Blade Method 

The doctor blade process is very easy and 

cheap. For the preparation of the perovskite 

layer, take the cesium iodide, lead bromide 

and lead iodide are in equal amounts. All the 

chemicals are measured and added into the 

small vials with a few drops of Dimethyl 

sulfoxide DMSO and Dimethyl 

Formamide DMF are added to make the 

solution, stirred it for half hours when the 

solution is dispersed and soluble then stop the 

stirring. In the end, investigated all the 

electrical, chemical, and optical properties of 

all these dopant solutions (Pei et al., 2020). 

RESULT AND DISCUSSION 

XRD Data Analysis 

XRD analysis confirms the phase of the 

synthesized Nickel Oxide nanoparticles. After 

the calcination at 450 °C, the crystalline phase 

matches the peaks from X-pert software. It 

was observed that NiO peaks are cubic 

structures and the peaks match with JCPDS 

card number ICSD 00-073-1523. At the 

crystalline phase all diffraction peaks at 

37.26°, 43.3°, 62.9°, 75.43°, and 79.43° are 

planes (111), (200), (220), (311), and (222), 

With the interplanar spacing ‘d’ was 2.41, 

2.08, 1.476, 1.26 and 1.20 Ǻ respectively. The 

cell parameter is a = 4.1800, b=4.1800 and c= 

4.1800 with an average crystallite size was 

25.075 nm. 

XRD of Lithium doped NiO Nanoparticles has 

observed the crystalline phase identified a 

cubic structure and the peaks were matched 

with JCPDS card number ICSD 00-022-1189. 

At the crystalline phase all diffraction peaks at 

(111), (200), (220), (311), and (222) at an 

angle 37.26°, 43.3°, 62.9°, 75.43°, and 79.43°, 

with the interplanar spacing ‘d’ was 2.41, 

2.09, 1.48, 1.26 and  1.20 Ǻ respectively. At 

31.680 and 45.310 with the plane (111) and 

(200) are lithium peaks. The lattice parameter 

is a=4.1816, b=4.1816, c=4.1816 with the 

crystallite size of 31.31 nm. XRD of 

Magnesium doped NiO Nanoparticles has 
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observed the crystalline phase identified a 

rhombohedral structure and the peaks were 

matched with JCPDS card number ICSD 00-

044-1159. The average particles size was 

calculated at 27.48 nm. The crystalline phase 

all diffraction peaks at (101), (012), (110), 

(113), and (202) at an angle 37.26°, 43.3°, 

62.9°, 75.43°, and 79.430, with the 2.41, 2.08, 

1.47, 1.25 and 1.20 Ǻ respectively. At 28.360 

and 40.55° with the planes (111) and (200) are 

magnesium peaks. The lattice parameter are 

a= 4.1790, b=4.1790, c=4.1790. 

XRD of lithium and magnesium co-doped 

NiO nanoparticles was observed that the 

crystalline phase identified a rhombohedral 

structure and the peaks were matched with 

JCPDS card number ICSD 00-022-1189. The 

average crystalline size was calculated at 

24.06 nm. The crystalline phase all diffraction 

peaks at (111), (200), and (220) at an angle 

37.26°, 43.3°, and 62.9° with the more 

interplanar spacing d was 2.41, 2.08, 1.57, 

1.47, and 1.26 Ǻ respectively. At 28.45° and 

40.82° with the planes (111) and (202) are 

lithium peaks, at 31.830 with the plane was 

(110). The lattice parameter are a= 4.1760, 

b=4.1760, c=4.1760. 

The extra small peaks and peak shift in a graph 

show that the samples were doped and desired 

materials were achieved. The doped materials 

atoms are stayed at substitution and decrease 

the size of the material. All the XRD graphs 

are shown in Figure 1 (a-d). 

 

  

Figure 1: XRD pattern of (a) Pure, (b) Lithium Doped, (c) Magnesium, Lithium, and (d) Co-doped of 

Lithium and Magnesium with Nickel Oxide Nanoparticles. 

(a) (b) 

(c) (d) 
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UV-Visible of Nickel Oxide Thin Film 

Absorbance and Band Gap of 

ITO/NiO/CsPbI2Br, ITO/Li, NiO/CsPbI2Br, 

ITO/Mg, NiO/CsPbI2Br, ITO/Li, Mg, 

NiO/CsPbI2Br thin film was measured by 

using the absorbance formula, and kubelka-

Munk function respectively and draws the 

graph on origin software. All the Pure, 

Lithium, magnesium, and co-doped with 

nickel oxide thin film showed a visible range 

of absorbance. The doped material has 

maximum absorbance and shows extra peaks 

due to the doping of the material and has an 

extra transition band. The bandgap of the pure 

materials has a direct bandgap with 3.09 eV. 

The doped materials have decreased the 

bandgap due to the transition states of the 

bandgap with 2.56 eV as shown in Figure 2 (a-

d). 
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Figure 2: Absorbance and Band Gap of (a) ITO/NiO/CsPbI2Br, (b) ITO/Li, NiO/CsPbI2Br, (c) 

ITO/Mg, NiO/CsPbI2Br, (d) ITO/Li, Mg, NiO/CsPbI2Br Thin Film 

Rutherford Backscattering Spectroscopy 

(RBS) 

Complementary compositional analyses of the 

thin films and the bare substrate were carried 

out using Rutherford Backscattering 

Spectroscopy. The given data draw the graph 

between normalized yield, Energy in MeV, 

and channel. The RBS shows the chemical 

composition and thickness of the thin film. 

The RBS of ITO/Li,NiO ITO/NiO/CsPbI2Br, 

ITO/Mg,NiO, ITO/Li, NiO/CsPbI2Br, 

ITO/Mg, NiO/CsPbI2Br, ITO/Li, Mg, 

NiO/CsPbI2Br thin film are shown in Figure 3 

(a-f).  

In pure NiO thin film, the peak of Nickel and 

bromine near the 1500 channel at 1.5 MeV 

energy. The strongest peak of carbon and 
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oxygen showed near the 500 channels at 0.5 

MeV. The carbon peak on the thin film is due 

to the large impurity of carbon. The RBS of 

CsPbI2Br thin film deposited on Nickel Oxide 

thin film and ITO glass substrate. The peak of 

iodine at 1620 channel with the 1.6 MeV 

energy. The peak of lead at 1750 channel with 

the 1.8 MeV.  

 

 

 

Figure 3: RBS of (a) ITO/Li,NiO (b) ITO/NiO/CsPbI2Br, (c) ITO/Mg,NiO, (d) ITO/Li, NiO/CsPbI2Br 

(e) ITO/Mg, NiO/CsPbI2Br, (f) ITO/Li, Mg, NiO/CsPbI2Br Thin Film 

 

(a) (b) 

(c) (d) 

(e)  (f) 
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The RBS of Magnesium doped with Nickel 

Oxide thin film deposited on ITO glass 

substrate. The peak of Nickel at 1450 channel 

with the 1.5 MeV energy and the peak of tin at 

1650 channel with 1.7 MeV energy. The peak 

of oxygen was at 550 channels with 0.7 

eV.The RBS of CsPbI2Br thin film deposited 

on Lithium doped with Nickel Oxide thin film 

and ITO glass substrate. The peak of Nickel at 

1430 channel with the 1.5 MeV energy. The 

peak of lead and Iodine near the 1650 and 

1750 channel with 1.75 and 1.8 MeV energy. 

The peak of carbon was at 450 channels with 

0.45 eV energy. The RBS of CsPbI2Br thin 

film deposited on Magnesium doped with 

Nickel Oxide thin film and ITO glass 

substrate. The peak of Iodine near the 1650 

channel with 1.75 MeV energy. The peak of 

lead at 1700 with the 1.8 MeV energy. The 

RBS of CsPbI2Br thin film deposited on 

Lithium and Magnesium doped with Nickel 

Oxide thin film and ITO glass substrate. The 

peak of Nickel at 1490 channel with the 1.4 

MeV energy. The peak of oxygen at 650 

channels with 0.7 MeV. The peaks are shown 

in Figure 3 (a-f) (Atak, et al., 2020)  

IV Measurement 

IV measurement by using a solar simulator 

with the 1000 wm-2 intensity of light, under the 

condition of dark and light. The given data 

from the simulator draw the graph between 

current and voltage. The fill factor FF and 

power conversion efficiency PCE was 

measured by using a formula. Lithium and 

Magnesium doped with Nickel Oxide thin 

film deposited on ITO, then deposited 

perovskite layer. After that measure the IV 

curve under the dark and light conditions. In 

dark conditions, the value of slope was 2.8. 

The identity factor was measured at 13.96. 

Under the light condition, all the materials 

showed different efficiency and fill factors. 

The minimum values were due to impurity and 

non-uniform thickness of the layer of the thin 

film. As the graphs show in Figures 5 to 11. 

All the calculated values of power conversion 

efficiency and fill factor are shown in table 1 

(Hadi et al., 2020). 
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Figure 4: IV Curve of ITO/NiO Thin Film Layers under Dark and Light Condition 
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Figure 5: IV Curve of ITO/NiO/CsPbI2Br Thin-Film Layers under the Dark and Light Condition 
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Figure 6: IV Curve of ITO/Li, NiO Thin Film Layers under Dark and Light Condition 
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Figure 7: IV Curve of ITO/Li, NiO/CsPbI2Br Thin-Film Layers under the Dark and Light 

Conditions 
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Figure 8: IV Curve of ITO/Mg, NiO Thin Film Layers under Dark and Light Condition 
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Figure 9: IV Curve of ITO/Mg, NiO/CsPbI2Br Thin Films Layers under the Dark and Light 

Condition 
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Figure 10: IV Curve of ITO/Li, Mg, NiO Thin Films Layers under Dark and Light Condition 
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Figure 11: IV Curve of ITO/Li, Mg, NiO/CsPbI2Br Thin-Film Layers under Dark and Light 

Condition 
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Table 4.1: Calculations of Power Conversion Efficiency for Inorganic Perovskite Solar Cell. 

Sr.No Materials Voc Isc Vmp Imp FF % PCE 

01 ITO/NiO 9.2 9.1 6.3 7.1 0.52 4.3 

02 ITO/NiO/CsPbI2Br 9.3 9.6 8.6 8.5 0.81 7.2 

03 ITO/Li, NiO 9.4 9.6 8.5 8.8 0.82 7.3 

04 ITO/Li, NiO/CsPbI2Br 9.1 9.2 5.1 5.2 0.30 2.4 

05 ITO/Mg, NiO 9.4 9.8 5.3 5.8 0.33 3.01 

06 ITO/Mg, NiO/CsPbI2Br 9.3 9.9 8.9 8.6 0.82 7.64 

07 ITO/Li, Mg, NiO 9.5 8.6 8.7 8.8 0.83 7.65 

08 
ITO/Li, Mg, 

NiO/CsPbI2Br 
9.2 8.5 7.4 7.95 0.70 5.5 

 

CONCLUSION 

We have successfully synthesized nickel 

oxide nanoparticles with lithium and 

magnesium co-doped as hole transport layer 

by co-precipitation method and perovskite 

layer was prepared by co-precipitation 

method. The thin film of nickel oxide was 

prepared by making the paste and deposited on 

ITO glass by doctor blade process. After that 

perovskite layer is an absorber layer deposited 

on nickel oxide thin film and characterize to 

confirm the properties of the thin film. 

XRD confirmed the crystallinity and phases of 

the materials with an average crystal size was 

24 nm. UV visb and DRS confirmed the 

optical properties by finding the absorbance 

and bandgap of the materials. The bandgap of 

the material was varied by adding the doping 

from 3.74 eV to 3.40 eV with the absorbance 

to near the visible range. The bandgap of 

ITO/Li, Mg, NiO/CsPbI2Br was 2.56 eV. RBS 

confirmed the chemical composition of the 

thin film.  It showed the thickness of the thin 

film was good. IV curve measurement 

confirmed the conductivity and efficiency of 

the materials under dark and light conditions. 

It confirmed that the efficiency of pure nickel 

oxide thin film was 4.3 %, Lithium and 

Magnesium co-doped with nickel oxide thin 

film with the perovskite layer was the highest 

efficiency 7.65 % with the 83 % fill factor FF. 

The efficiency of the material was very low 

due to the addition of impurities from the 

surrounding and non-uniform thickness layer 

of the material. 
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