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Abstract

This study explores the fabrication and characterization of environmentally friendly 2D tin
lead perovskite memristors using the scalable technique of blade coating. Memristors, a new
type of electrical component, only theoretical until recently, offer non-volatility and resistive
switching properties, making them suitable for memory applications. Perovskite materials, such
as tin lead perovskites, exhibit desirable characteristics like high ON/OFF current ratios and
low power consumption, making them ideal for memristor fabrication. The prepared memristors
have a smooth surface with a root-mean-square roughness of 0.4 nm, ensuring reproducibility
and scalability. Spectral analysis reveals high absorbance in the mid-visible to UV wavelengths,
indicating a bandgap energy of approximately 2.068 eV. The memristors demonstrate reliable
performance, with good hysteresis within voltage-current graphs stable for up to 38 days, and
maximum current On/Off ratios reaching up to 348. These findings highlight the potential of 2D
tin lead perovskite memristors in neuromorphic computing, memory applications, and advanced
electronics. Further research options include comparative analyses of different materials, fine-
tuning fabrication techniques, and exploring lead-free alternatives.
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1 Introduction

The �eld of applied physics has witnessed remarkable advancements in recent years, paving the way
for innovative technologies that are transforming various aspects of our lives. However, with the
rapid development of society and the acceleration in data growth, traditional computing architecture
encounters the von Neumann bottleneck, which has become an ever-larger obstacle in the process of
improving the performance of computing systems. Therefore, emerging non-volatile memory devices
have attracted great attention in recent years.

Memristor, the concept was �rst proposed by Leon Chua in 1971 but was only theoretical [1]. It
means that there should be a relationship between the charge and the magnetic 
ux, the resistance
value can be changed by controlling the change of the current, and the memory will not disappear
even if the current is interrupted. However, there was no material that could describe this relationship
at that time. It was not until the discovery of practical memristors in 2008 [2] that the �eld gained
more attention. Memristors possess the unique ability to remember and store information in a non-
volatile way, revolutionizing conventional memory technologies and opening up new possibilities for
neuromorphic computation.

Neuromorphic computation, inspired by the structure and functionality of the human brain, is a
captivating area of research within applied physics. By emulating the brain's neural networks, neu-
romorphic systems aim to perform cognitive tasks with much higher e�ciency. Memristors play
a pivotal role in these systems [3], as their ability to store and process information resembles the
behaviour seen in biological systems. As a result, memristor-based architectures hold the potential
to unleash powerful and energy-e�cient computing paradigms, paving the way for applications such
as real-time pattern recognition, machine learning and energy cost reduction [4].

In recent years, di�erent active materials have been used in the memory devices (top-electrode/active
layer/bottom-electrode). Inspired by the defect-induced hysteresis observed in current{voltage char-
acteristics of perovskites solar cells, perovskite-based memory devices have aroused great interest
owing to the easy deposition process and intrinsic multi-trap state characteristics. Therefore, per-
ovskite memristors have shown desirable characteristics such as high ON/OFF current ratios [5], low
power consumption, and multi-level storage capacity, making them a promising choice for e�cient
and versatile memory elements in neuromorphic computing systems.

The motivation behind exploring 2D tin lead perovskite memristors lies in their unique properties
and potential to overcome the limitations associated with lead perovskites, which pose environmental
and health hazards due to their toxic nature [6]. Tin lead perovskite, a more sustainable alternative,
o�ers an option for developing high-e�ciency and stable computing devices without the downside
of environmental toxicity. However, the stability of tin composition presents a challenge due to its
susceptibility to degradation in the presence of oxygen and humidity. Therefore, novel 2D perovskites
have been proposed for improving environmental instability and repeatability. The insertion of large
organic spacer cations leads to both quantum and dielectric con�nement of carriers in the octahedral
planes.

In addition, most perovskites are deposited using lab-scale spin-coating, which is a wasteful technique
that is not possible to prepare in batches on a large scale. Blade coating is a facile method that
has a very high precursor utilization rate and allows tuning the deposition temperature. Therefore,
in this bachelor's thesis, the main objective of this research project is to investigate the electrical
performance of 2D tin-lead perovskite memristors fabricated by blade coating.

In this study, we measured the IV curves in a nitrogen-�lled chamber without oxygen and humidity.
The aim is to gain insights into the behaviour and performance of 2D tin lead perovskite memristors.
In addition, their electrical performance degradation over time through IV curve measurements was
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performed. Moreover, the potentiation and depression properties of the memristors are studied for
their neuromorphic applications. Taking sustainability and environmental safety as a focus point,
this study aims to overcome the challenges associated with lead perovskites and explore the potential
applications of tin lead perovskite memristors in next-generation computing architecture.



2 Theoretical Background

Memristors have emerged as promising electronic devices revolutionizing computing architecture. In
this context, the �eld of perovskite memristors has gained attention due to its potential for e�cient
and versatile memory elements. However, stability issues related to oxygen and humidity sensitivity
pose signi�cant challenges. This study focuses on 2D tin lead perovskite memristors, which o�er
unique properties and potential solutions for overcoming these limitations. Theoretical foundations
encompass memristor fundamentals, perovskite materials, IV curve analysis, and their relevance to
neuromorphic and Von Neumann computer architectures.

2.1 Memristors: Fundamentals and Characteristics

Most people are aware of the three common circuit elements: the resistor, the capacitor, and the
inductor. These elements are de�ned by their relationship between four key variables: electric
current, voltage, charge, and magnetic 
ux. They can be thought of as interconnected quantities.
Resistance (R) represents how voltage changes with current, capacitance (C) represents how charge
changes with voltage, and inductance (L) represents how magnetic 
ux changes with the current.
But there was a missing piece in our understanding. The relationship between charge and magnetic

ux was unde�ned. To address this gap, Chua in 1971 [1], proposed the memristor, a hypothetical
component with a unique property: its magnitude (M) captures the change in magnetic 
ux with
respect to charge. If the memristor were real, it would have the same unit of measurement as
resistance (ohm, 
). This is illustrated in Figure 1.

Figure 1: The four fundamental two-terminal circuit elements: resistor, capacitor, inductor, and
memristor. Adapted from [7].

This memristor completes the quartet of fundamental circuit elements, accounting for the relationship
between charge and magnetic 
ux. It was a groundbreaking idea that expanded our understanding
of circuits and opened up new possibilities for electronic devices.
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Memristors possess fundamental properties and characteristics that distinguish them from other
circuit elements. One key property is their non-volatility [8], meaning they can retain information
even when power is turned o�. This characteristic makes memristors suitable for data storage
applications, as they can retain their state without the need for a continuous power supply. Another
important feature is resistive switching [2], which refers to the ability of memristors to change their
resistance in response to an applied voltage. This allows memristors to transition between high and
low resistance states, corresponding to the storage of binary information (\0" and \1"). This resistive
switching behaviour is at the core of memristor-based memory devices, enabling e�cient data storage.
In addition, they can remember the resistance state that was previously set and maintain it until a
di�erent voltage is applied to switch it to a di�erent state. This memory property is essential for the
operation of memristor-based circuits, and it can allow for the storage and retrieval of information.
[9].

By combining non-volatility, resistive switching, and memory behaviour, memristors can o�er advan-
tages for various applications. They hold promise for the development of high-density, low-power,
and high-speed memory technologies [10]. Additionally, their ability to store and process information
at the same time resembles the behaviour of biological synapses, making them promising candidates
for neuromorphic computing and arti�cial intelligence applications [11]. Understanding these funda-
mental properties and characteristics is crucial for unlocking the potential of memristors in advancing
future computing and memory systems.

2.2 Perovskites

Perovskite materials have received substantial attention in the �eld of memristor research. These
materials o�er some advantages for memristor functionality, such as high ON/OFF current ratios,
low power consumption, and multi-level storage capacity [5]. The emergence of perovskite memristors
has sparked interest in exploring their advantages over other materials used in memristor technol-
ogy. Compared to traditional materials, perovskite memristors show higher performance in terms of
switching speed, endurance, and scalability [12]. Their favourable electrical properties make them
highly promising for e�cient and versatile memory elements in neuromorphic computing systems.

Perovskites are a crystal lattice de�ned with a general ABX3 chemical structure [13]. Here A and B
are cations of di�erent sizes and X is an anion. The A and B cations can be a variety of elements,
including metals, while the X anion is typically oxygen or a halogen. This is shown in Figure 2. This

exibility in composition allows for a wide range of perovskite materials with diverse properties.

Figure 2: Basic Perovskite ABX3 molecular structure. Adapted from [14].

Perovskite structures can di�er from Figure 2 in key ways such as reduced dimensionality. 2D
perovskites are a fascinating class of materials that exhibit unique properties due to their layered
structure. Unlike traditional 3D perovskites, which have a three-dimensional crystal lattice, 2D
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