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Abstract

Quantum computing is projected to be the next big leap in the world of digital transformation
by providing imitable level of computing resources that are found capable of causing changes
in various fields such as cybersecurity and even artificial intelligence. Nevertheless, present
day superconducting qubit systems which are largely made up of mostly niobium and
aluminium, bear severe impediments as far as decoherence, thermal lapsibility and scaling is
concerned these factors make it possible neither for widespread usage or mass deployment.
This study seeks to fill this void by exploring the advanced material- Perovskites and
Miassite- and their use as solutions for the limitations of conventional qubit industries.

Using a case study approach, the research assesses with the help of quantum simulations and
subsequent material characterizations the quantum coherence, thermal scaling and other
parameters of these substitute materials. Kagome lattices were found to have very high
degrees of topological stability suggesting low error rates, Perovskites were found to scale
cheaply and Miassite was able to demonstrate enhanced heat resistance and longer coin
coherence times. In all likelihood, these findings mean that the use of these materials in
superconducting qubit systems would enhance the durability, tolerance to errors and overall
efficacy of the resulting quantum systems.
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Introduction

The digital transformation of quantum computing is driven by the quest for enhanced qubit
stability, coherence, and scalability, with superconducting qubits at the forefront of this
evolution. Superconducting qubits operate based on the principles of superconductivity,
where electrical resistance drops to zero at ultra-low temperatures, allowing qubits to
maintain coherent quantum states. These qubits are fabricated using Josephson junctions,
typically involving materials like Niobium and Aluminium, formed through intricate
lithography and deposition processes. Despite their current dominance, traditional
superconducting materials face critical drawbacks, such as limited coherence times, high
error rates, and the need for complex cryogenic systems, which hinder large-scale
implementation.

To overcome these challenges, novel materials such as Kagome lattices, Perovskites, and
Miassite are being explored for their unique quantum properties. Kagome lattices offer
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topological robustness, reducing noise-induced errors; Perovskites provide a balance of cost-
efficiency and enhanced superconducting performance; and Miassite demonstrates
exceptional thermal stability and longer coherence times. This research aims to assess the
potential of these advanced materials as alternative substrates for superconducting qubits,
utilizing quantum simulations and material characterization techniques. The scope of this
study is to evaluate their impact on enhancing qubit performance, paving the way for
scalable, error-resistant quantum computing systems, and contributing to the broader digital
transformation of quantum technology.

Superconducting Qubits

Among the different designs of qubits available today, superconducting qubits have been
most studied because of their speed and suitability to current semiconductor technology.
These qubits use the concept of superconductivity-the state of matter where one achieves zero
electrical resistance when cooled to below a certain temperature. As such, they are suitable
qubits for quantum computers. They are mostly SC qubits made in the structure of Josephson
junction which are circuits made of superconducting material separated by a thin insulator.
When the devices approach absolute zero, the structure allows electrons to flow through the
junction without any electrical resistance, producing a so-called supercurrent that can be
employed for state representation in qubits.

Role of SC Qubits

In Quantum Computing SC qubits are the familiar computing units in quantum computers
that are similar to bits in contemporary computer systems. Integration of SC qubits within
other fabrication technologies is attractive considering their operational speeds are much
faster than that of the classical computers. They allow for superposition and entanglement
two of the basic principles of quantum mechanics that SC qubits can perform operations
much faster than classical bits.

Working of Superconducting (SC) Qubits

Superconducting qubits are based on the operation of Josephson junctions that consist of a
superconducting loop containing a Josephson junction with an insulating barrier. Only under
very low temperature conditions close to absolute zero can there be the phenomenon of
supercurrent of Cooper pairs of electrons. The junctions in this case permit SC qubits to
switch between two states (ones and zeros in binary code) while still existing in a state of
superposition.

Key Mechanisms in SC Qubits

Heat Conduction Mechanism: Very low thermal mass superconductive grains and low
energy tunnelling junctions LEB-JJs destroy phase coherence and create thermal noise.



Superposition and Entanglement: As SCQs can be in a state where the current can be in
two directions simultaneously, ie clockwise and anticlockwise, inter-qubit entanglement is
possible.

Control and Measurement: Quite non-invasively, microwave devices are able to switch the
states of SC qubits with the help of the induced current or voltage switching measurements.

The Josephson Junction
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Figure [1]: The Josephson junction

Fabrication of SC Qubits

The construction of superconducting qubits demands atomic-scale deposition/structuring
accuracy, centred on Josephson junctions. Dealing with materials, for instance, niobium and
aluminium, requires clean rooms and sophisticated instruments.

Work is started from extremely smooth surfaces of silicon or sapphire where superconducting
films are deposited by sputtering or e-beam evaporation with precise control of the films’
thickness. To fabricate a Josephson junction, a layer of insulator, which is typically alumina
(AI203), is interposed between two superconductors and then formed into circuits by either
photolithography or e-beam lithography processes.

It is then coated with some protective membranes against moisture and oxygen. In the end,
the qubits are housed inside a dilution refrigerator to obtain mill kelvin temperatures, which
is critical for maintaining their quantum state as well as superconductivity.

Materials Used for SC Qubits: Niobium and Aluminium
Niobium (Nb):

Extremely important for the fabrication of superconducting qubits due to its high transition
temperature (~9.2 K), preferable for low temperature applications. This metal has been



known for building stable Josephson junctions for use in high-Tc quantum devices. Niobium
based qubits have been fabricated using controlled deposition of niobium.

Aluminium (Al):

Higher transition temperature (~1.2 K), less tolerance to thermal cycling. Develops self-
repairing oxide film which facilitates the construction of robust Josephson junctions and also
has dielectric properties.

These materials have a wide range of applications mainly because of their superconducting
properties and the fact that they do not interfere with semiconductor technologies.

Drawbacks of Niobium and Aluminium in SC Qubits

1. Coherence Time Limitations: Although the two materials can be driven to
superconducting states, niobium and aluminium have small coherence times. It will imply
that the state of qubits may only be preserved for a short duration while decoherence would
prevail, leading to computational errors and potentially requiring much error correction.

2. Instability of the Heat:

Niobium: The superconducting temperature of niobium is higher than that of aluminium, but
still its qubit state is sensitive to extremely small temperature variations, which need
temperatures close to absolute zero to sustain the superconductivity.

Aluminium: Since it has an even smaller superconducting temperature, this metal has
thermal instability. Scalability is limited as it is too pricey to provide the cooling needed.

3. Scalability Constraints: Maintaining niobium as well as aluminium in cryogenic
temperatures is required to sustain superconducting states. This requirement makes scaling up
qguantum very challenging and expensive to processors; as the cooling systems and also the
precision required to make each qubit increased with every additional qubit.

4. High Manufacturing Costs: Niobium and aluminium SC qubits manufacture comes with
huge costs related to the depositions and patterning and cooling of the infrastructure. Dilution
refrigerators, which are quite expensive, are required for the production of superconducting
conditions. Thus large-scale production is not feasible.



Novel Materials for Superconducting Qubits

A break in these limitations has been ventured into within this research using Kagome
lattices, Perovskites, and Miassite as materials. Each of the aforementioned materials presents
unique properties that may improve coherence time, thermal stability, and scalability-the key

in order to advance SC qubit performance further.

1. Kagome Lattices

Kagome lattices come with an interesting mix of
hexagonal, two-dimensional structure for improving
coherence in qubits. In contrast to the conventional
materials like niobium or aluminum, decoherence is a
naturally suppressed effect within Kagome lattices.
Topological stability against errors can prevent or
eventually yield error-robust qubits or otherwise
simplify corrections.

It is also seen to have a high coherence, sustaining
quantum states for longer times than other materials

and having a resolution for short coherence times. Ina w ‘
general view, Kagome lattice has some good qualities ‘W’ /‘\ ‘/‘\ ‘/d\

that guarantee such lattices as promising options in the 0
manufacture of more stable high-performance
quantum systems.

2. Perovskites

Perovskites are highly versatile crystal material with very specific
electronic properties: they can be engineered to display
superconductivity and many other features. They form a relatively
new and encouraging class of candidate materials for practical
applications of quantum physics. In particular, Perovskites have
some obvious advantages over their much more established peers
such as niobium and aluminium for large-scale quantum computing
applications.

Scalability and Cost-Effectiveness: Perovskites are of some ease and
low-cost synthesis, which makes them favorable for large-scale
cost-effective production of quantum processors. Therefore, they
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will replace niobium and aluminium-based superconductors that have high manufacturing
costs. Tunable Superconductivity: The superconducting states of perovskites are at
temperatures higher than in the case of aluminium. This will reduce the cooling energy
needed and therefore more efficient and practical towards scalable quantum systems since
they reduce both operational costs and complexity.

3. Miassite

Miassite is a material very recently discovered with outstanding thermal resistance and
coherence properties, hence very promising as an alternative for SC qubits:

» Thermal Stability: The thermal stability of Miassite is
good, and it can withstand changes in temperature without

causing a disruption in the state of superconductivity. This ORh1b
characteristic gives less trouble compared to the thermal 0 Rh24m |
instability in niobium and aluminium, where slight
fluctuations in temperature can destroy qubit states. O Rnd

O Rhée
* High Coherence Time: Thermal noise of Miassite is very 9§
low, due to its crystal structure. This directly increases the ,
coherence time of the qubits. The stability also allows work 3 (oY
to be carried out quite reliably, based on Miassite-based 1 '
qubits, with a bit lower cooling requirements than traditional = b

materials that would essentially enhance their performance
as well as being energy-effective.

Figure [4]: Miassite structure

Implementing Kagome Lattices, Perovskites, and Miassite in Superconducting
Qubits

The incorporation of cutting-edge materials such as Kagome lattices, Perovskites, and
Miassite into the design of superconducting qubits is a revolutionary way of overcoming the
challenges presented by the more conventional materials, niobium and aluminum. In this
respect, we examine how each material can be utilized in the design of superconducting
qubits for improving coherence, thermal stability, and scalability

1. Kagome Lattices: Enhancing Topological Robustness



The material can potentially be the superconductor layer in Josephson junctions, thus
providing topological protection against decoherence and extending qubit coherence times.
Their topological edge states facilitate noise-resilient qubits with diminished needs for error
correction. Besides, Scottie lattices number among the candidates that may serve as garniture
for circuit interconnects thereby increasing conduction mechanisms and reducing losses for
efficient qubit coupling.

Benefits:

1. Topological protection leads to better coherence time.
2. Reduced error rates owing to a minimized level of noise interference
3. Greater scalability in the designs of qubits that is resistant to errors.

2. Perovskites: Cost-Effective and Tunable Superconductors

Perovskite films hold promise in the superconductive layer of Josephson devices because of
their adjustable transition temperatures that reduce the need for cooling as compared to
aluminium based devices. Semiconducting lead halide perovskites have been shown to
possess quantum efficiencies that can enhance the fidelity of the embedded qubits thus
resulting in better quantum gates. In addition, perovskites can also be incorporated into the
dielectric layer of Josephson junctions to take advantage of strong spin-orbit coupling which
could help in enhancing the coherence time of qubits.

Benefits :

1. Operating at elevated temperatures thus minimizing cooling overhead..
2. Improved the qubit quality by employing optimal materials.
3. Economical and scalable for the fabrication of Quantum chips in bulk.

3. Miassite: Superior Thermal Stability and Coherence

Miassite is also a good candidate to construct Josephson junctions because it maintains its
superconductivity at temperatures close to those of liquid nitrogen, and hence dispenses with
expensive cooling systems. With high thermal stability, even minor changes in temperature
do not hinder the performance and helps cut down thermal noise and decoherence.
Furthermore, Miassite improves lifetimes qubits as it provides long coherence times that
support more intricate calculations thus lowering the frequency of error correction.

Benefits :

1. Enhanced operational temperature ranges, minimizing reliance on expensive dilution
refrigerator systems.

2. Improved coherence time is longer, allowing for more stable quantum operations.

3. Ability to incorporate with other existing heterogeneous quantum systems for best use
of quantum.



Graph Analysis of Quantum Computing Materials

Comparative Analysis of Quantum Computing Materials

Coherence Time Comparison

Error Rate Analysis
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Table [1]: Comparison table of materials for SC qubit



The purpose of these comparative graphs is to show how the performance metrics vary
across the quantum computing materials under investigation:

Comparison of Coherence Times: The coherence time comparison bar chart presents the
coherence time performance of Miassite, Kagome lattices, and Perovskites, which do much
better than industry-standard materials such as Niobium and Aluminium. Therefore, these
advanced materials help to ensure longer periods of quantum calculations.

Error Rates: From the line graph, it can be seen that the conventional superconducting
materials, Niobium, and Aluminium exhibit high error rates. On the other hand, Miassite and
Kagome lattices have the lowest error rates, which indicates their higher efficiency in
performing qubit operations with high fidelity.

Thermal Stability: The thermal stability bar chart also demonstrates that Miassite has
outstanding properties as it can be operated at the temperature of 77 K which is ideal for
liquid nitrogen cooling and practical in terms of heat spectrum advantages. Perovskites also

Cost of Manufacturing vs. Scalability: In this case, the scatter plot indicates that high
Scalability at lower or moderate costs of Miassite, Kagome lattices, and Perovskites suited
such that they can be implemented for bulk production use. On the other hand, niobium and
aluminium are in the high cost and low scalability area which makes it expense to scale up
production.

Results

The outcomes of this paper-based comparative study underscore the fact that classical
superconductors like Niobium, Aluminium, etc., suffer a great deal in the coherence time,
thermal stability, ability to scale, and costs which limits their application in quantum
computing systems that would be built commercially. This points to other materials as a
solution in their quest to make things digital. Contrary to this, Miassite and Kagome lattices
have much longer coherence times, lower error rates, and better thermal stability. Miassite
which is stable at 77 K eliminates the need for expensive liquid helium per cooling solids
since a cheaper liquid nitrogen can be employed.

More to that, Kagome lattices, Perovskites, and Miassite can be expanded economically
owing to their cheap production and high expansion. The variable superconductivity,
topological security, and added strength of these materials answer the weaknesses of the
conventional materials coherently improving the coherence time and error margin and
scalability possibly lowering the cost of operation and fabrication as well. These prospects
are set to change the way quantum computers work even bringing in new dimensions into
guantum technologies



Conclusion and Scope for Future Work

This research looked at how the addition of Kagome lattices, Perovskites, and Miassite could
enhance existing superconducting qubits (Niobium and Aluminium). The results demonstrate
great enhancement in coherence times, thermal stability and cost considerations. Supporters
of Kagome lattices reduce error rates via topological protection; ‘tuning’ Perovskites
suppresses superconductivity and lowers the manufacturing cost, whereas Miassite is
thermally rigid while retaining qubit coherence.

Quantum computing technology has a bright future with these materials, thereby inferring
that the combination of these materials would result in more robust and scalable quantum
systems. They range from high bandwidths and low error rates microwave to optical quantum
computations. Nonetheless, additional investigations have to be conducted.

Into the future, many aspects are to be addressed. First, Constructions of hybrid quantum
memories can be proposed based on rather extreme contrasting properties, such as that of the
topological protection of the Kagome lattices and of the thermal stability of Miassite. Such
qubits are expected to outperform previous generations of revolver qubits in all noise
resistance parameters. Secondly, evolution of materials synthesis techniques with membrane
related methods such as atomic layer deposition and molecular beam epitaxy must be
developed for cost effective and easy to fabricate production without defects. Also, they can
be used in quantum error correction and fault-tolerant computing, which may contribute to
strengthening the density of the future quantum structure. Last but not least, apart from
computing, advances in their applications should extend to Perovskites as they can transform
quantum details photonics and enable thin layer thermal guard of Miassite to improve
quantum storage.
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