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ABSTRACT 

 

Photodetectors convert light signals into electrical signals and are widely used in 

various applications like imaging, sensing and spectroscopy etc. Perovskites are 

widely used as an active layer in fabricating photodetectors because they show 

remarkable properties, such as low band gap, high light absorption coefficient, 

longer diffusion length, and higher carrier mobility. In addition to these 

properties, perovskite photodetectors have the advantage of simple and cost-

effective fabrication and high performance, making them a better candidate for 

photodetection applications. Among various types of CH3NH3PbI3 morphology 

(say single crystal, microwire etc.)  CH3NH3PbI3 microwires are particularly 

more useful for photodetection because of their lower defect density and highert 

mechanical flexibility. In this work, we successfully synthesized a lateral 

structure CH3NH3PbI3 microwire photoconductor (ITO/ CH3NH3PbI3/ITO) 

under ambient conditions and showed their various figure of merit. Further, to 

increase the response of this photodetector we synthesized polymer treated (PVP) 

photodetector which enhanced current by 1.44 times. Now, the stability of 

perovskite is the biggest issue of this time, so to enhance the stability of 

perovskite, we deposited a layer of a polymer PMMA, which not only enhanced 

its stability but also enhanced its photocurrent as well as various response 

parameters. This work opens the way toward improving stability and enhancing 

various response parameters of MAPbI3 photodetector. 
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Chapter 1: Introduction 

INTRODUCTION TO PHOTODETECTORS: 

DEFINITION:  

A photodetector is a device for detecting electromagnetic (EM) radiation via the 

conversion of an EM signal into a measurable electrical signal 

(voltage/current/power). The active material system used in a photodetector and 

its interaction with electromagnetic radiation dictates the region of the EM-

spectrum that can be detected. Semiconductors are the most commonly used 

active material systems in photodetectors. 

 Unveiling Photoconductor-A type of Photodetectors: 

 Depending on the mechanism of conversion of EM-radiation to a measurable 

signal, photodetectors can be classified into 10-11 different types, including 

photoconductors, photodiodes, phototransistors, photomultiplier tubes, Charged 

Coupled Devices (CCDs), Complementary Metal-Oxide Semiconductor 

(CMOS), Pyroelectric, Thermopiles, etc.             

In the section below we specify the Photoconductor type of photodetector 

that is relevant to the work of this thesis. 

Photoconductor: A photoconductor is a type of photodetector that exhibits a 

change in its electrical conductivity when it is exposed to light. 

This change occurs due to the reason that electrons in the valance band absorb 

energy from the incident photon and make a jump to the conduction band, 

generating an electron-hole pair. The presence of these electron-hole pairs 

increases the conductivity of the semiconductor. It means that more current can 

flow in light as compared to current in dark. 

The duration for which this conductivity increases is known as persistence time. 

Since one photon absorbed can generate many photoelectrons so EQE higher than 

100% is possible, according to the ratio between the charge recombination time 

(τr) and the charge transit time (τt) where transit times refers to the time take by 

electron or hole to reach at electrode from its point of generation), which is termed 
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photoconductive gain. Photoconductors have high gain because one type of 

charge carrier (say holes) can circulate through an external circuit many times 

before it recombines with its opposite carrier (say electrons) which meanwhile 

remain trapped in the photoconductor bulk as shown in Figure 1-1 [1]. 

 

 

Figure 1- 1: In the photoconductor, a type of carrier gets trapped while the 

other responds to the applied field and keeps circulating as electrons are trapped 

in this figure. The electron capture from the conduction band into the trap state 

is represented by the red arrow. If transit time is shorter than the hole lifetime, 

then the longer lifetime of trapped electrons ensures the circulation of holes 

many times within an external circuit which is reason behind higher gain of 

photoconductors [1]. 

WORKING PRINCIPLE: 

 The photoconductors work on the principle that the conductivity of a material 

changes when it is exposed to light. This is known as the photoconductive effect. 

When a photoconductor is subjected to light, an electron-hole pair is generated, 

which can be separated by the application of external bias. Since absorption of a 

single photon could result in the generation of many conductible electrons, this 

type of photodetector shows higher photoconductive gain than photodiodes. 
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Under the application of applied bias, the electrodes can also inject charges, 

which can result in an EQE value of more than 100%. 

TYPES OF PHOTOCONDUCTORS: 

The fabrication method of photoconductors results in two distinct architectures: 

vertical and lateral. 

 Vertical structure Photoconductor:  

The vertical structure photoconductor is developed as light-sensitive material 

between two electrodes. Usually, one of the electrodes is FTO/ITO so the light 

can enter the device while the back electrode is usually a metal. One can introduce 

an interlayer at one of the perovskite-metal or perovskite-electrode interfaces as 

a charge filtration layer as shown in Figure 1-2. 

 

 

 

 

 

 

 

 

Vertical structure photoconductors consist of multiple transport layers, so various 

trap states may exist in the interface of each transport layer, which may lead to 

many electron-hole recombination, lowering detection capabilities. Hence, 

vertical structure Photoconductor showes lower EQE and responsivity. 

    Lateral structure Photoconductor:  

    Light excites electron holes in the semiconducting layer (say Perovskite), 

which constitutes a current loop under an external electric field. Traps that 

capture electrons and these trapped electrons cannot contribute yo charge 

transportation but traps allow holes to pass within the device and external circuits 

ITO/FTO 

Absorber Layer 

Interface Layer 

Electrode 

Figure 1- 2: The architectures represent the Vertical 

structure Photodetector. 
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many times result in higher photoconductive gain. With the simplest structure, 

this photoconductor consists of two metal electrodes on either side of the 

semiconducting active layer, as shown in Figure 1-3. 

 

 

` 

 

 

 

As there is a significant distance between electrodes, photogenerated carriers take 

significant time to transfer from the generation site to the electrode, which results 

in higher response time and also shows the need of high driving voltage. 

In the section below we will discuss the various figures of merits essential for 

determining a photoconductor's performance. 

Photoconductor Performance Parameters: 

Responsivity:   

 The responsivity of a photoconductor defines the photocurrent generated per unit 

power of incident light in the effective region of a photoconductor. It measures 

how effectively a photoconductor converts the incident light signal into an 

electrical signal. Responsivity is given as 

                    𝑹 =
𝑰𝒍𝒊𝒈𝒉𝒕−𝑰𝒅𝒂𝒓𝒌

𝑷.𝑨
=

𝑰𝒑𝒉

𝑷.𝑨
 

               Where 𝐼𝑑𝑎𝑟𝑘 =Dark Current 

              𝐼𝑙𝑖𝑔ℎ𝑡= light current generated by photodetector on illumination by light 

             𝐼𝑙𝑖𝑔ℎ𝑡 − 𝐼𝑑𝑎𝑟𝑘=𝐼𝑝ℎ=Photocurrent 

              𝑃=Power of incident light 

             𝐴=Effective area of Photodetector 

Substrate 

Absorber Layer 

ITO ITO 

Figure 1- 3: The architecture represents the Lateral structure 

photoconductor. 
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A higher responsivity indicates greater sensitivity, which means the 

photoconductor can detect weak signals effectively. An illustrative curve for 

Responsivity can be seen in Figure 1-4 [2] and a second example of this can be 

seen in Figure 1-5 [3] .Units of Responsivity:𝐴𝑚𝑝𝑒𝑟𝑒 𝑊𝑎𝑡𝑡⁄ .  

 

Figure 1- 4: A responsivity plot for lateral structure Methylammonium lead 

Iodide (ITO/CH3NH3PbI3/ITO) photoconductor [2].  

Detectivity: 

Detectivity of any Photoconductor describes the ability of detector (or say 

photoconductor) material to detect weak light. It quantifies how effectively a 

photoconductor can differentiate between a signal of interest and inherent noise 

within the system. Detectivity is directly related to the signal-to-noise (SNR) ratio 

of photoconductors. The Responsivity and noise of the photodetector determine 

it. A higher detectivity leads to higher SNR ratio which is requirement for 

accurate measurement. Detectivity can be calculated as  

  𝐷∗ =
√𝐴𝑅

√2𝑒𝐼𝑑
 

Where 𝐴= Effective area of Photodetector 

           𝑅= Responsivity of Photodetector 

            𝐼𝑑=Dark current 

           e= electronic charge 
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Detectivity sets the lower limit for detectable signal in a photoconductor 

system, providing a measure of its performance. 

An illustrative curve for Detectivity can be seen in Figure 1-5 [3]. 

Units of Detectivity: 
𝑐𝑚√𝐻𝑧

𝑊
= 𝐽𝑜𝑛𝑒𝑠. 

 

Figure 1- 5: A responsivity plot for Methylammonium lead Iodide nanowire 

structure photoconductor [3]. 

External Quantum Efficiency (EQE):  

It is the ratio of output carriers to the number of incident photons per unit time. 

EQE is given as 

𝐸𝑄𝐸 =

𝐼𝑙𝑖𝑔ℎ𝑡
𝑒⁄

𝑃
ℎ𝜈⁄

=
ℎ𝑅

𝑞𝜆
 

              Where 𝜈 =Frequency of applied signal. 

                         𝜆= Wavelength of the applied signal. 

                         q= charge of the carrier. 

The curve for EQE can be seen in figure 1-6 [4]. 
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Figure 1- 6: EQE spectra for absorber layer with and without PCBM additive  

[4]. 

Also 0 < 𝐸𝑄𝐸 < 1 always. Higher EQE indicates greater sensitivity which 

further indicates a good Photoconductor. 

Internal Quantum Efficiency (IQE): 

It is defined as the ratio of photocurrent (in electrons per second) to photon 

fluence incident on the device (photons per second). It is related to responsivity 

via photon energy. IQE provides details into the effectiveness of a 

photodetector’s internal processes, such as absorption, carrier generation, and 

carrier collection. IQE is given as  

𝐼𝑄𝐸 =
𝐸𝑄𝐸

𝑛
 

Where n= absorption coefficient of light 

Higher IQE indicates greater sensitivity of photoconductors. 

Linear Dynamic Range (LDR):  

This indicates the linear association scale between the Photocurrent and light 

irradiance intensity. This defines the range of incident optical power levels over 

which the response of the photoconductor remains linear. Linear Dynamic Range 

(LDR) is given by the equation described below.  
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𝐿𝐷𝑅 = 20 log
𝐼𝑙𝑖𝑔ℎ𝑡

𝐼𝑑𝑎𝑟𝑘
 

Figure 1-7 [5] shows the value of LDR measured from the current density versus 

optical power density plot. 

A higher LDR values indicate that a photoconductor can perform better over a 

wide range of light intensities while maintaining a linear response. 

 

Figure 1- 7: The LDR for two photodetectors at zero bias [5]. 

Response Time: 

The response time refers to the time taken by a photodetector to respond to an 

incident light signal. Due to variations in the intensity of incident light, 

Photocurrent there is a hysteresis in Photocurrent change. The rise time(𝜏𝑟) and 

fall time(𝜏𝑓) of photoconductor, give an estimation of time required for an 

photoconductor to respond to incident light signal.Where, 

𝜏𝑟=rise time which means required to attain  10% to 90% of maximum current. 

𝜏𝑓= fall time from 90% to 10% of maximum current. 

An illustrative curve for the rise and fall time is shown in Figure 1-8 [2]. 
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Figure 1- 8: The time-dependent Photo response of lateral structure 

Methylammonium Lead Iodide (Au/MAPbI3/Au) Photoconductor at a +3V fixed 

bias [2]. 

A fast response time is crucial to accurately capture and process light signal 

changes.  

The time it takes for detector output to change in response to a change in input 

light intensity is called apparent response time. 

The approximate values of key parameters for specific types of 

photodetectors are presented in Table 1. These values serve as essential 

benchmarks, providing insights into the characteristics of Photodetector 

under consideration. 

Table 1: Comparison between different Photodetector devices based on various 

response parameters. 
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 Perovskites: 

Introduction to Perovskites: 

Metal halide perovskites have emerged as a class of semiconductors for high-

performance solution-processed optoelectronics such as photovoltaics, Lasers, 

Light-Emitting diodes, etc. Perovskites are crystalline materials having a general 

formula ABX3 where A and B are positively charged cations, and X represents a 

negatively charged anion. Ideally, perovskite crystallizes in a simple cubic crystal 

structure, which consists of a corner-sharing BX6 octahedral network , as shown 

in Figure 1-9 [6]. 

 

Figure 1- 9: 3D perovskite structure with general formula ABX3 where A is a 

cation (say CH3NH3
+), B is metal (say Pb2+), and X is an anion (say I-). The 

arrangement of the crystal structure consists of a 3D network of corner-sharing 

PbI6 octahedra where a 12-fold coordinated Pb surrounded by 8 octahedra 

occupies the middle position of the cube  [6]. 

In the history of minerals, perovskites were first discovered by Gaustav Rose in 

1839. The first perovskite found was CaTiO3, named after Russian mineralogist 

L.A. Perovskiy. Later, many compounds like BaTiO3, PbTiO3, and SrTiO3, etc., 

were found to show perovskite structure, and hence this class of materials was 

defined as Oxide perovskites with the general formula ABO3. Generally, Oxide 

perovskite shows good ferroelectric, piezoelectric, and dielectric properties. 

However, they do not show good semiconducting properties except for a few 

compounds such as LiNbO3, PbTiO3, and BiFeO3, etc., which show some 

photovoltaic effect due to ferroelectric polarization. 
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Later, in 1893, a study was performed by Wells to replace the anion site of oxide 

perovskite with halide atoms, (Br, I, Cl). Then, in 1957, C. K. Moller, a Danish 

researcher, found that CsPbCl3 and CsPbBr3 crystallize in tetragonally distorted 

perovskite structures that makes a transition to a pure cubic phase at higher 

temperatures. This class of perovskite material was then said to be halide 

perovskite. 

Further, in 1978, Dieter Weber replaced the A-site cation of halide perovskite 

with the organic compound Methylammonium (CH3NH3
+). He reported the first 

study on organic Lead halide perovskite CH3NH3MX3 (where M=Pb, Sn and X= 

I, Cl, Br). 

Then in 2009, For the first time, Prof. Miyasaka (Toin University of Yokohama, 

Japan) used perovskite (CH3NH3PbI3) as a light-harvesting layer in solar cells 

and reported the first perovskite solar cell showing an power conversion 

efficiency of 3.8%. Prior to this, no one had the idea that perovskite can be used 

to utilize solar energy because 2D perovskites are not suitable for light harvesting 

over a wide range of spectral range of sunlight.   

Properties of Perovskites: 

Various properties of perovskites make them better candidates for photovoltaic 

applications. A few of these properties are discussed below: 

1. Tunable bandgap: 

Halide perovskites show tunable bandgap, which means that the bandgap 

of Perovskites can be adjusted by changing the chemical composition of 

Perovskite material. By selecting different cation and anion elements, 

bandgap of perovskite can be adjusted, and it can meet the necessity for a 

particular application. 

2. High absorption coefficient: 

Due to the high absorption coefficient of Perovskite, they can absorb a 

large amount of incident light. This is beneficial for making thin 

Photodetectors with high sensitivity. 

3. Carrier mobility: 
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Perovskite crystals can be grown with low defect densities, and they have 

low charge carrier trapping, which makes them show high carrier 

mobility, facilitating efficient charge transport of electrons and holes 

within the material.  

4. Long carrier lifetime: 

These materials often exhibit long carrier lifetime, reducing the 

recombination rate and hence increasing the device's efficiency. 

5. Long Diffusion length:  

Diffusion length is the average distance that a charge carrier travels before 

recombination. Hybrid halide perovskite has longer diffusion lengths, 

which allows it to travel more distances without recombination, which is 

advantageous for efficient charge collection at the electrodes of a 

photovoltaic device (say photoconductor). 

In this work, we paid our attention to CH3NH3PbI3 perovskite due to its 

various properties mentioned below: 

The MAPI Perovskite: 

The CH3NH3PbI3 (MAPI) perovskite has attracted attention in perovskite due to 

its remarkable properties. This perovskite owns a direct bandgap of 1.5eV [7], 

High diffusion coefficient (1.59 to 2.41 cm2s-1) as well as High diffusion length 

of 14.0±5.1µm which leads to high carrier mobility 56.4-93.9 cm2V-1s-1 [8]. Due 

to the perfect bandgap with band edge in the visible range and large absorption 

coefficient, the MAPbI3 can be sensitive to wide spectra wavelengths from 

ultraviolet to visible light, which is beneficial for fabricating a broadband 

photodetector.   

As we have discussed the properties of perovskites above and they are a good 

candidate for photovoltaic devices but for outdoor installation like Si PV panels, 

perovskite devices should be stable under real environmental conditions for a 

good period say approximately 20 years. Both extrinsic as well as intrinsic 

stability of perovskite is an issue. Environmental factors such as heat, light, 

humidity, and oxygen play an important role in the structural stability of 

perovskites. Different external environmental causes for perovskite degradation, 
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such as heat, light, and humidity,  are critically important. Let’s discuss them in 

detail: 

Stability of Perovskites: 

Structural/Intrinsic stability: 

Goldschmidt tolerance factor (τ) gives an estimation of the structural stability of 

perovskite compounds and widely used to predict the formation of different 

crystal structures of ABX3 The tolerance factor is given as 𝜏 =
𝑟𝐴+𝑟𝑥

√2(𝑟𝐵+𝑟𝑥)
 . Since 

ionic radii of organic cations (A) have some uncertainties in their measurements 

so there must lie some uncertainty in tolerance factors. Figure 1-10 [9] shows the 

calculated tolerance factors of APbI3 systems where A = Na, K, NH4, Rb, Cs, 

MA, FA, EA (ethylamine), and EDA (ethylenediamine). When the tolerance 

factor spans within the range 0.8 <τ< 1, cubic perovskite structures or distorted 

structures like tilted octahedra are favored. Between 0.9 <τ< 1 a favor for cubic 

structure emerges whereas within range τ< 0.8 and τ>1 inhibit the formation of 

perovskite structure leading to non-perovskite phase formation.     

External/Environmental stability: 

Ensuring the stability of the perovskite to external conditions like moisture, 

oxygen (air), heat, light, external bias, etc., is a crucial factor after obtaining the 

proper stable structural phase of perovskites. The moisture sensitivity of 

perovskite is a serious concern for its long-term stability. It’s understood that 

water molecules easily form hydrogen bonds with perovskite to make them 

hydrated compounds that induce localized alteration in their properties. 

The equations below show the mechanism for the poor stability of MAPbI3 

perovskite in external conditions. It shows that MAPbI3 reacts with water and 

gets converted into PbI2. 

4𝐶𝐻3𝑁𝐻3𝑃𝑏𝐼3 + 4𝐻2𝑂 ↔ 4[𝐶𝐻3𝑁𝐻3𝑃𝑏𝐼3. 𝐻2𝑂] ↔

(𝐶𝐻3𝑁𝐻3)4𝑃𝑏𝐼6. 2𝐻2𝑂 + 3𝑃𝑏𝐼2 + 2𝐻2𝑂                                                                                                                                                 

(𝐶𝐻3𝑁𝐻3)4𝑃𝑏𝐼6. 2𝐻2𝑂 → 4𝐶𝐻3𝑁𝐻3𝐼 +  𝑃𝑏𝐼2 + 2𝐻2𝑂                                         
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Figure 1- 10: Calculated tolerance factors (τ) for different cations (A) in the 

APbI3 perovskite system [9] . 

Therefore, a proper encapsulation is needed to prevent perovskite devices from 

moisture. Nonetheless, many efforts are made to protect perovskite from external 

moisture by introducing moisture resistance material in perovskite devices.With 

a minimal cost, it is possible to prevent perovskite from external humidity. 

                             

Polymer passivation:  

Defect states/traps have a significant role in the charge transportation through of 

perovskite photodetectors. Within a semiconductor, a defect/ trap state denotes 

any irregularity that generates localized states positioned around the site of 

imperfection and energetically situated within the band gap of the semiconductor. 

These traps exhibit different depths, termed shallow if they are near the band edge 

or deep if they are located far away from the band edges within the band gap. For 

instance, abundant traps may also exist at grain boundaries where swinging bonds 

form deep defect states and affect charge transportation in perovskites. These 

defects lead to non-radiative loss leading to low device performance. Further, it 

is shown experimentally that many trap defect densities in polycrystalline 

perovskite film are on the order of 1016- 1017 cm-3 [10]. Further, as we discussed 

perovskite is very sensitive to light, moisture, and humidity. It is also shown 

experimentally that defects at grain boundaries and interfaces of polycrystalline 

perovskites provide a path to hydration of perovskites to form 

(CH3NH3)4PbI6.2H2O [11]. It is also verified that GB defects lead to irreversible 
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moisture-induced perovskite degradation [12]. Polymer passivation is the right 

approach to resolve these issues. Polymer encapsulation acts as a barrier for 

moisture, humidity, and light to reach the perovskite directly. Long-range 

polymers passivate GB defects occurred due to swinging bonds by making a 

stable interface with perovskite material. 
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Chapter 2: Experimental Work-Stage 1 

Experimental procedure: 

Formation of microwires: 

All raw materials (MAI, PbI2, and DMF) were purchased from TCI chemicals. 

The Methylammonium lead iodide precursor solution was prepared by dissolving 

an equimolar amount of MAI (Methylammonium iodide) and PbI2(Lead iodide) 

in DMF (N, N-Dimethylformamide). The solution was kept overnight for stirring. 

The precursor was further filtered with 0.45𝜇𝑚 PTFE filter. ITO substrates (size 

1.5cm ×2.5 cm) were washed with soap solution, DI water, Acetone, and IPA 

(isopropanol) with sonication for 15 minutes each and then treated with UV ozone 

for 20 minutes. Following this, 60 µL of the precursor was spin-coated at 4000 

rpm with 2000 rpm/sec acceleration. After this, all the substrates were annealed 

at 1000C for 10 minutes.  

Characterization: 

The prepared CH3NH3PbI3 microwires were characterized by SEM and XRD. 

Various monochromatic light sources performed optoelectronic characterization, 

and Keithley 2450 SMU was used. All the optoelectronic measurements were 

performed in a completely dark box. 

Results and Discussions stage 1: 

The MAPbI3 has a perovskite structure, and the XRD of this is shown in figure 

2-1 below. 

The XRD of MAPbI3 microwires has two main peaks at 14.080 and 28.390, which 

can be indexed to (110) and (220) planes of perovskite structure like results 

reported by others [3]. The MAPbI3
 material crystallizes in the tetragonal phase 

(a=9.2825Å and c= 11.90Å) and this also matches with existing literature reported 

by others. The peaks denoted by # represent the peak due to the ITO substrate. 

As seen from XRD data, the signals occurring at (110) and (220) planes are highly 

intense, which states that growth is along the (110) family. 
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Figure 2- 1: The plot shows the XRD pattern for MAPbI3 microwires. 

Further, Using Debye-Scherrer equation we can estimate the crystallite size and 

this equation is given as: 

𝐷 =
𝑘𝜆

𝛽 cos 𝜃
 

Where k is Scherrer constant and for tetragonal phase k=0.89 

            𝛽 is FWHM of peak in radians. 

             𝜆 is Wavelength of incident X-rays which is 1.5426Å. 

              𝜃 is Bragg’s angle. 

From the obtained XRD pattern for MAPbI3 microwires and computing FWHM 

from the most intense signals, we get the crystallite size given in the table below. 

Further, using Bragg’s law which states  

                      2𝑑 sin 𝜃 = 𝑛𝜆, where 𝑑 =
1

√ℎ2

𝑎2+
𝑘2

𝑏2+
𝑙2

𝑐2
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we calculate lattice parameters, and which are shown in table below and in 

Bragg’s law d is interplanar spacing, 𝜃 is Bragg’s angle and 𝜆 is wavelength of 

X-rays. 

S.No. (hkl) 2𝜽(𝒅𝒆𝒈𝒓𝒆𝒆𝒔 Interplanar 

spacing (Å) 

Lattice 

parameter 

(a=b) (Å) 

Lattice Parameter 

(c) (Å) 

1 110 14.07495 6.2626 8.86  

2 220 28.41831 3.1313 8.86  

3 112 19.99 4.4430  12.599 

4 212 23.44 3.3491  11.36 

5 202 12.22 3.6555  11.74 

6 310 28.4 3.1482 9.95  

7 224 31.84 2.8150   

8 330 40.53 2.2292 9.46  

Table 3: Estimation for lattice parameters of MAPbI3 using XRD data. 

Further, on computing the average of the obtained result, we get a=b= 9.2825Å 

and c= 11.90Å. 

SEM image showing MAPbI3 sample coated on ITO is shown in Figure 2-2 

below. We can see the bundles of microwire images from SEM images. Now, 

these bundles of wires are connected horizontally to each other, which allows 

effective charge transport along this direction and makes this architecture 

beneficial for lateral photoconductors. 

2𝜽(Degrees) FWHM (Radians) Crystallite size D (nm) 

          14.08 0.00183 75.5296 

          28.42 0.00238 59.4537 

  Davg.=67.492 

Table 2: Average crystallite size estimation for MAPbI3 crystallite. 
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Figure 2- 2: The SEM image of MAPbI3 microwires. 

Using ImageJ software, we analyzed our FESEM images and calculated the mean 

length of MAPI microwires to be 35.93 𝜇𝑚 as shown in Figure 2-3.  

 

Figure 2- 3: To find out the mean length of the microwires. 

 

(a) (b) 

(c) 
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Further in this work, we measured various response parameters for MAPbI3 

photoconductor, but prior to this, let’s have a look at the band diagram of MAPbI3 

as shown in Figure 2-4. The band gap of MAPbI3 is 1.5eV. An electron in the 

lower energy level (valance band) receives energy and jumps to the upper energy 

level, creating an electron-hole pair. Further electrons by means of applied bias 

are attracted towards the ITO side, and in a similar fashion, holes in lower levels 

also move towards the ITO side by generating current in the device, which results 

in the increase of the conductivity of the photoconductor. 

 

Figure 2- 4: Energy level diagram of materials (MAPbI3 and ITO) used in our 

work. 

Under white light illumination at 4V bias, we found the photocurrent of this 

photoconductor to be 1.47𝜇𝐴 and three orders of magnitude change from dark 

current to light current, as shown in Figure 2-5 below. 

 

Figure 2- 5: Photo-response of MAPbI3 photoconductor for -5 to 5V voltage scan 

under white light illumination. 

ITO 

ITO 
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Further, to check the wavelength-dependent response of our device, we measured 

its IV characteristics at various wavelengths from IR to near UV range, which 

can be seen in Figure 2-6 below. 

 

Figure 2- 6: IV curves of MAPbI3 microwire structure under dark and various 

monochromatic lights. 

From the plot, it can be seen that the device exhibited dark current in nano-ampere 

and light current in micro-ampere. Also, Figure 2-7 (IV characteristics on a 

logarithmic scale), as figures show that the device exhibits almost 2 to 3-order 

magnitude changes from dark to light current except for 850nm and 950nm 

because these wavelengths lie lower than the band-edge of MAPbI3. 

 

Figure 2- 7: Logarithmic scale IV curves of MAPbI3 microwire structure under 

dark and various monochromatic lights. 
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Then, we calculated the responsivity and detectivity of our device at various 

wavelengths, which can be seen in Figures 2-8 and 2-9 below. This responsivity 

matched to some extent with already reported literature [13]. 

From the literature that has already been reported, we find that the MAPbI3 

photodetector is more responsive at a wavelength near 550nm than others [14], 

which can also be seen in Figures 5-8. So, we tried to check the response of our 

device at 515nm and calculated its various response parameters which are 

discussed below.     

 

 

Figure 2- 8: The curve for Responsivity at various wavelengths ranging from 390 

nm to 950 nm at a fixed bias of 4V. 

Under monochromatic 515nm light illumination, our device exhibited a light-to-

dark ratio of 1330.77, as shown in Figure 2-10.  

Further normalized Current versus time was plotted (figure 2-11) to calculate rise 

and fall time from which rise time of 3.152 sec and fall time of 0.217 sec were 

calculated. The reason for a higher rise time than fall time is that in lateral 

structure photoconductors, lateral charge transport involves longer pathways, 

leading to a slower rise time compared to fall time when charges are collected. 
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Figure 2- 9: The curve for Detectivity at various wavelengths ranging from 390 

nm to 950 nm at a fixed bias of 4V.   

 

 

Figure 2- 10: Light-dark current curves of MAPbI3 under 515nm monochromatic 

light illumination at a fixed bias of 4V. 
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Figure 2- 11: The normalized photocurrent over a varied duration of time at 

incident light of 515nm with an 8.1246 mW/cm2 intensity for calculation of rise 

and fall time of MAPbI3 devices. 

Further, the curves show the responsivity and detectivity of the device at various 

wavelengths Figure 2-12. The device showed 0.18 mA/W responsivity and 

1.12 × 1010jones detectivity at 3.93mW/cm2 intensity of incident 515nm light.  

 

(a) 
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Figure 2- 12: (a) The plot for Responsivity variation with optical power density 

under 515nm monochromatic light illumination. (b) The plot for Detectivity 

variation with optical power density under 515nm monochromatic light 

illumination. 

The LDR is an important figure of merit for photoconductors, which tells the 

range for which the response of the photoconductor is in a linear relationship with 

incident optical power density or Intensity. As shown below, our device is getting 

an LDR of 125 dB. The higher LDR ensures precision and accuracy in converting 

incident light to electrical signals, as well as a high signal-to-noise ratio, allowing 

the accurate detection of weak signals. 

  

(b) 
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Figure 2- 13: The plot for Current versus Intensity for MAPbI3 using 515nm 

wavelength light at fixed 4V bias for calculation of LDR. 

Further, as we discussed above, EQE (external quantum efficiency) specifies the 

number of output carriers generated to the number of incident photons per unit 

time. So, figure 2-14 shows the EQE of this device at various wavelengths. We 

measured 38.86% of the maximum EQE at 600nm.  

Further, we calculated the EQE at 515nm with variation in intensity, which can 

be seen in Figure 2-15 below.  

 

Figure 2- 14: The plot for Wavelength versus EQE for MAPbI3. 

 

Figure 2- 15: The plot for EQE versus Intensity for MAPbI3 using 515nm 

wavelength light at fixed 4V bias. 
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Chapter 3: Experimental Work-stage-2 

Experimental procedure: 

Formation of polymer-treated devices: 

All raw materials (MAI, PbI2, DMF, PVP, PMMA, and toluene) were purchased 

from TCI chemicals. The Methylammonium lead iodide precursor solution was 

prepared by dissolving an equimolar amount of MAI (Methylammonium iodide) 

and PbI2(Lead iodide) in DMF (N, N-Dimethylformamide). The PVP in ratio 

MAI: PVP (1000:1) was also dissolved in this solution. The solution was kept 

overnight to stir at room temperature. The PMMA with 20mg/ml in toluene was 

prepared and kept overnight, stirring at room temperature. The MAPbI3 precursor 

was further filtered with 0.45𝜇𝑚 PTFE filter. ITO substrates (size 1.5cm ×2.5 

cm) were washed with soap solution, DI water, Acetone, and IPA (isopropanol) 

with sonication for 15 minutes each, and then they were treated with UV ozone 

for 20 minutes. Following this, 60 µL of PVP mixed MAPbI3 precursor was spin-

coated at 4000 rpm with 2000 rpm/sec acceleration. After this, all the substrates 

were annealed at 1000C for 10 minutes. Following this, these substrates were 

dynamically treated with PMMA at 2000rpm with 2000rpm/sec acceleration, and 

PMMA was allowed to get distributed on the substrate at this speed for 40 

seconds. Then these substrates were annealed at 1000C for 1-2 minutes. 

Results and Discussions Stage 2: 

As we discussed above, different trap states lead to non-radiative losses, which 

reduces the performance of the device. Also, abundant traps may also exist at 

grain boundaries where swinging bonds form deep defect states and affect charge 

transportation in perovskites. So, in the leading section, we will first discuss the 

importance of defect passivation. 

Importance of defect passivation in perovskites: 

 

The photoconductor works on the principle that a change in electrical 

conductivity of active layer material or semiconductor occurs when it is subject 
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to light, which has energy greater than the band-edge of active material 

(perovskite in this work). The perovskite layer absorbs the incident photon, which 

results in the excitation of an electron from the valance band to the conduction 

band, creating an electron-hole pair as shown in Figure 3-1 by process 1 [14]. 

 

Figure 3-1: Schematic working of MAPbI3 photoconductor.1) Generation of 

electro-hole pair by absorbing some energy 2) Diffusion of charge carries through 

perovskite material under the application of applied bias 3) Extraction of charge 

carriers at electrodes 4) Recombination of charges carriers due to existence of 

trap states[14]. 

These electron-hole pairs can be separated into free charges by providing lower 

exciton binding energy close to thermal energy at room temperature (KBT ≈ 

26meV) which enables an efficient charge separation by thermal dissociation. 

These free carriers diffuse through perovskite material, as shown by process 2 in 

Figure 3-1 above, and are further transported to electrodes, as shown in process 

3. However, the effective collection of charge carries depends on carrier lifetime. 

Practically, before extraction of free charges, they may undergo non-radiative 

recombination processes, which lead to lower efficiency of the photoconductor. 

The defects that impact the device performance mainly are 0D defects (impurities 

and Vacancy etc.) and 2D defects (grain boundaries and surface defects). Grain 

boundaries (2D defects) in perovskite cause sudden changes in crystal 

orientation, producing many localized surface states  that act as trap sites. Further, 
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Beard and co-workers have proved that in MAPbI3 perovskite, surface 

recombination is more important than recombination within the crystal [15], [16].  

So, from the existing literature, we concluded that PVP provides an effective 

method for passivating perovskite layers whose defect density is reduced, 

suppressing recombination. Due to this, PVP passivation helps in the growth of 

perovskite films with lower grain boundary density, giving low non-radiative 

recombination centers [17]. So, to passivate our device, we tried coating PVP 

along with MAPbI3.The results are discussed below: 

Under white light illumination at 4V bias, we found the photocurrent of this 

photoconductor to be 2.12𝜇𝐴 and three to four orders of magnitude change from 

dark current to light current as shown in Figure 3-2 below: 

 

Figure 3- 2: Photo-response of MAPbI3+PVP photoconductor for -5 to 5V 

voltage scan under white light illumination. 

Further normalized Current versus time was plotted in Figure 3-3 to calculate rise 

and fall time, from which a rise time of 0.468 sec and fall time of 0.146 sec was 

calculated. The reason for a higher rise time than fall time is that in lateral 

structure photoconductors, lateral charge transport involves longer pathways, 

leading to a slower rise time compared to fall time when charges are collected. 
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Further, we characterized this device as an IV measurement as days progress till 

their degradation. The data for the same can be seen in Figure 3-4. Although this 

device exhibited a higher photocurrent as well as improved rise and fall time than 

pristine MAPbI3, the stability issue was still the same as earlier. As we can see 

from the plot, both types of devices could last only six days and started degrading 

on the fourth day by showing a one-order magnitude change in photocurrent when 

stored under ambient conditions. 

 

Figure 3- 3: The normalized photocurrent over a varied duration of time at 

incident light of 515nm with an 8.1246 mW/cm2 intensity for calculation of rise 

and fall time of PVP-treated MAPbI3 devices 
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Figure 3- 4: Number of days versus photocurrent exhibited by polymer 

passivated (PVP) and pristine MAPbI3 photoconductor. 

Further, to enhance the stability of this device we post-treated this pristine 

MAPbI3 with PMMA and characterized it for IV characterization shown in Figure 

3-5 below: 

Under white light illumination at 4V bias, we found the photocurrent of this 

photoconductor (ITO/ MAPbI3+PVP+PMMA/ITO) to be 1.65 𝜇𝐴 and 

approximately three to four orders of magnitude change from dark current to light 

current, as shown in Figure 3-5 above. Treatment of PMMA enhanced the 

photocurrent, so to check the wavelength-dependent response of our device, we 

measured its IV characteristics at various wavelengths from IR to near UV range, 

which can be seen in Figure 3-6 below. From Figure 3-6, it can be seen that the 

device exhibited dark current in nano-ampere and light current in micro-ampere. 

 

Figure 3- 5: Photo-response of MAPbI3+PVP+PMMA photoconductor for -5 to 

5V voltage scan under white light illumination. 

Also, from Figure 3-7 (IV characteristics on a logarithmic scale) shows that the 

device exhibits almost 2 to 3-order magnitude changes from dark to light current 

except for 850nm and 950nm because these wavelengths lie lower than the band-

edge of MAPbI3. 
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Figure 3- 6: IV curves of MAPbI3+PVP+PMMA photoconductor under dark and 

various monochromatic lights. 

Then, further, to compare our device with a pristine MAPbI3 photoconductor, 

we calculated responsivity and detectivity at various wavelengths as shown 

below. 

 

Figure 3- 7: Logarithmic scale IV curves of MAPbI3+PVP+PMMA 

photoconductor under dark and various monochromatic lights. 
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Figure 3- 8: The curve for Responsivity at various wavelengths ranging from 390 

nm to 950 nm at a fixed bias of 4V. 

 

Figure 3- 9: The curve for Detectivity at various wavelengths ranging from 390 

nm to 950 nm at a fixed bias of 4V. 

As expected, a significant increase in values of responsivity and detectivity can 

be seen from the plots above. The shape of the curve is still the same, which 

means that the device is again highly responsive near 550nm wavelength. Also, 

we can see nearly zero responsivity and detectivity at 850nm and 950nm, which 

is due to the band-edge of MAPbI3. The PVP and PMMA treatment significantly 
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improved the responsivity of the pristine MAPbI3 device, as can be seen in Figure 

3-10. 

Further, to compare PMMA-treated devices with pristine MAPbI3, we 

characterized its IV at various intensities under 515nm monochromatic light 

illumination, which can be seen below in Figure 3-11. Under the illumination of 

monochromatic 515nm light, this device exhibits a light-to-dark ratio of 1597.54 

Which is 1.2 times higher than that of a pristine MAPbI3 photoconductor. 

Further normalized Current versus time was plotted (Figure 3-12) to calculate rise 

and fall time. A lower response time indicates a faster response to incident 

photons so we can see from the plot that PMMA passivation not only improved 

the photocurrent and response parameters of pristine MAPbI3 photoconductor but 

also reduced rise and fall time from 3.152 Sec to 0.227 Sec which is 13.89 times 

lesser than pristine MAPbI3 photoconductor and 0.217 Sec to 0.192 Sec which is 

1.13 time lesser than that of pristine MAPbI3 respectively.  

 

 

Figure 3- 10: Comparison of responsivity at various wavelengths ranging from 

390 nm to 950 nm at a fixed bias of 4V. 
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Figure 3- 11: Light-Dark current curves of MAPbI3+PVP+PMMA under 515nm 

monochromatic light illumination at a fixed bias of 4V. 

 

Figure 3- 12: The normalized photocurrent over a varied duration of time at 

incident light of 515nm with an 8.1246 mW/cm2 intensity for calculation of rise 

and fall time of MAPbI3+PVP+PMMA devices.  
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A lower response time indicates a faster response to incident photons so we can 

see from the plot that PMMA passivation not only improved the photocurrent and 

response parameters of pristine MAPbI3 photoconductor but also reduced rise and 

fall time from 3.152 Sec to 0.227 Sec which is 13.89 times lesser than pristine 

MAPbI3 photoconductor and 0.217 Sec to 0.192 Sec which is 1.13 time lesser 

than that of pristine MAPbI3 respectively Also, there might be some decrement 

in various response parameters or photocurrent after PMMA treatment on PVP 

passivated devices but PMMA treated devices shown 2.06 lower rise time and 

0.76 time higher fall time in comparison to only PVP passivated devices.  

Further, the curves show the responsivity and detectivity of the device at various 

wavelengths Figure 3-13 and Figure 3-14. The device showed 0.657 mA/W 

responsivity and 2.227 × 108jones detectivity at 3.93mW/cm2 intensity of 

incident 515nm light. 

As expected a significant change in values of responsivity and detectivity can 

be seen. So further, to get a proper idea about the change in values of 

responsivity at each intensity value before and after polymer treatment, figures 

3-15 can be referred to. 

 

 

Figure 3- 13: The plot for Responsivity variation with optical power density 

under 515nm monochromatic light illumination. 
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Figure 3- 14: The plot for Detectivity variation with optical power density under 

515nm monochromatic light illumination. 

 

Figure 3- 15: Comparison of responsivity at various intensities under 515nm 

monochromatic light illumination at a fixed bias of 4V. 

As higher LDR ensures precision and accuracy in converting incident light to 

electrical signals along with a high signal-to-noise ratio allowing accurate 

detection of weak signals it can be seen from figure 3-16 that this 

MAPbI3+PVP+PMMA photoconductor exhibited LDR of 151dB whereas 

pristine MAPbI3 could exhibit LDR of 125dB only. 
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Figure 3- 16: The plot for Current versus Intensity for MAPbI3+PVP+PMMA 

under 515nm monochromatic light illumination at Fixed 4V bias for calculation 

of LDR. 

Further, we calculated EQE for PMMA-treated devices to have an idea about 

EQE enhancement for these devices than pristine ones. So, figure 3-17 shows the 

variation of EQE with increment in wavelength. 

 

Figure 3- 17: The plot for Wavelength versus EQE for MAPbI3+PVP+PMMA 

and pristine MAPbI3. 

As we can see that PVP and PMMA treatment of pristine MAPbI3 devices 

increased EQE so much it indicates that a greater number of incident photons are 
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now absorbed to generate a greater number of charges and hence it increases the 

electrical conductivity of this device than pristine one which results in 

photocurrent as well as overall response parameters of this photoconductor. 

Further, to get a comparison with an increase in EQE with an increment in 

intensity at a particular wavelength of 515nm, figure 3-18 can be referred to. 

 

 

Figure 3- 18: The plot for EQE versus Intensity for MAPbI3+PVP+PMMA and 

pristine MAPbI3 device using 515nm wavelength light at fixed 4V bias. 

The curve follows the same trend, but with an enhancement in EQE , so it also 

enhanced the performance of the pristine MAPbI3 device at a particular 

wavelength of 515nm. 

Further, as we discussed above, stability was an issue for pristine MAPbI3 as well 

as PVP-treated MAPbI3, and both devices could only last for 4 days. So, to 

compare the stability of PMMA-treated devices and these devices, Figure 3-19 

can be referred to. 

As can be seen from the curve, pristine and PVP-treated MAPbI3 started 

degrading in just four days, and their degradation rate is too fast. Along with this, 

they showed 3 orders of magnitude change in just 5-6 days. But in the case of 

PMMA treated MAPbI3, the rate of degradation was seen to be very low. Also, 

in 11 days, this device showed just one magnitude order change in photocurrent 
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value, whereas PVP-treated MAPbI3 and pristine MAPbI3 showed one order 

magnitude change in just 4 days, which can be seen in Figure 3-19 below. So 

PMMA treatment enhanced the stability of MAPbI3 photoconductor, and this 

resulted in enhancement of photocurrent as well as various response parameters 

discussed above. 

 

Figure 3- 19: Number of days versus photocurrent exhibited by polymer 

passivated (PMMA) and pristine MAPbI3 photoconductor. 

From Figure 3-20, it can be seen that PVP and PMMA-treated devices showed 

approximately 34% of the photocurrent on the first day even after 11 days, 

whereas both the pristine-MAPbI3 and PVP-treated MAPbI3 lost full of the 

photocurrent on the 6th day. As can be seen, a significant change occurred in the 

photocurrent of these two devices on the 4th day, and further, they continued 

showing a decrement in photocurrent value, which indicates their significant 

degradation of MAPbI3 and PVP-treated MAPbI3 on the 4th day. Further, it can 

be seen from the curve that the rate of decrement is also higher in pristine-

MAPbI3 and PVP-treated MAPbI3 devices. So, PMMA treatment enhances the 

stability of devices, and PMMA-treated devices showed enhancement of response 

parameters as well as improvement in rise and fall time as compared to pristine-

MAPbI3 devices. 
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Figure 3- 20: Photocurrent stability analysis of polymer-treated and pristine-

MAPbI3 devices over varied duration of time. 
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Chapter 4: Conclusion 
 

In summary, we have successfully synthesized the MAPbI3 microwire 

photoconductor and measured its various response parameters. Further, to 

enhance these various response parameters, we treated it with a polymer PVP, 

which enhanced its photocurrent 1.44 times more than pristine MAPbI3. PVP 

treatment enhanced photocurrent and all the response parameters, but it could not 

enhance its stability. Both the devices started degrading on the fourth day and fell 

into a dark current on the sixth day. So, to enhance the stability of this device, we 

treated it by depositing a layer of PMMA on the treated MAPbI3 device, which 

not only enhanced the photocurrent and response parameters of pristine MAPbI3 

but also enhanced its stability than PVP treated as well as pristine MAPbI3. These 

PMMA-treated devices showed just one order of magnitude fall in photocurrent 

in ten to eleven days . So, this work opens the way toward improving stability 

and enhancing various response parameters of MAPbI3 photodetector. 
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