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Abstract: 
The domain of nanotechnology has experienced noteworthy progressions in recent times, particularly in 

the area of quantum systems. The current study offers a comparative evaluation of energy efficiency 

across diverse quantum systems, with a particular emphasis on discerning the most auspicious 

methodologies for future research and advancement. This research examines various quantum 

technologies, such as quantum computing, quantum communication, and quantum sensing, evaluating 

their energy efficiency and potential utilization in various industries. This study employs a methodical 

methodology to elucidate the merits and demerits of various technologies, thereby furnishing a 

comprehensive comprehension of their energy efficiency. The present study delves into the function of 

nanotechnology in augmenting the efficacy of quantum systems, thereby facilitating advancements in 

energy preservation and ecological stability. The study's results provide significant contributions to the 

ongoing discourse on the future of energy-efficient quantum technologies, and offer valuable insights for 

both researchers and practitioners in the field. 
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I. INTRODUCTION  

The sustained progressions in conventional computing, 
regulated by Moore's Law, have propelled the expansion of 
technology and the digital transformation in contemporary 
times. As the dimensions of transistors approach the 
atomic scale, novel obstacles arise, necessitating 
alternative computing paradigms to surmount the 
constraints of conventional computers. The utilization of 
the principles of quantum mechanics has led to the 
emergence of quantum computing as a potential solution 
that could surpass classical computers in addressing 
intricate problems. 

Quantum computing utilizes qubits, or quantum bits, to 
store information. These qubits can exist in superposition 
states, enabling the processing of multiple data states 
concurrently. The exponential acceleration of 
computational speed in quantum computers, in comparison 
to classical computers, is facilitated by this particular 
attribute of the system. The emergence of quantum 
computing has garnered substantial attention from 
academic and industrial spheres, with prominent 
companies such as IBM, Google, and Intel allocating 
resources towards research and development endeavors. 

The progressions made in quantum computing have 
resulted in the investigation of novel prospects in diverse 
domains, such as machine learning, cryptography, and 
materials science. The promising potential of quantum 
computing for next-generation applications is on the rise, 
thanks to the advancements in qubit realizations and 
scalable architectures. The amalgamation of 
nanotechnology and quantum computing has broadened 
the horizons of investigation in this domain. This paper 
delves into the latest developments in the field of quantum 
computing, with a particular emphasis on the 
implementation of qubits, the establishment of scalable 
architectures, and the incorporation of nanotechnology. 
The potential applications of the aforementioned 
advancements are also deliberated upon, along with the 
challenges that necessitate resolution in order to effectively 
harness the potential of quantum computing. 

II. LITERATURE REVIEW 

In order to construct quantum computers, 
superconducting qubits have emerged as a frontrunner 
owing to their high scalability and high coherence qualities 
(Devoret&Schoelkopf, 2013[1]). Superconducting qubits, 
such as the transmonqubit, have showed promise, with 
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coherence durations on the scale of tens to hundreds of 
microseconds (Koch et al., 2007)[2]. 

The concept of utilizing non-local degrees of freedom 
to encode quantum information as a fault-tolerant quantum 
computing paradigm, which is commonly referred to as 
topological qubits. The investigation of Majorana zero 
modes in topological superconductors has been extensively 
conducted due to their potential utilization in topological 
quantum computing, as stated by Nayak et al. (2008) [3]. 

The extended coherence times and high-fidelity gates 
of trapped ion qubits have positioned them as a highly 
favorable option for quantum computing (Blatt 
&Wineland, 2008).[4]. The exhibition of a programmable 
quantum computer with 53 qubits has been made possible 
by advancements in ion trap technology, as reported by 
Zhang et al. in 2017.[5] 

The implementation of extensive quantum computing 
systems necessitates the incorporation of quantum error 
correction and fault-tolerance, as stated by Terhal in 2015 
[6]. The surface code, which is a type of topological error-
correcting code, has garnered significant attention due to 
its notable fault-tolerance threshold and comparatively 
minimal overhead. This has been extensively explored in 
the literature, as evidenced by the work of Fowler et al. 
(2012) [7]. 

Monroe et al. (2014) have suggested the utilization of 
modular architectures as a scalable strategy for 
constructing quantum computers, which entails the linking 
of smaller quantum processing units[8]. According to 
Kimble (2008)[9], the realization of such architectures will 
depend heavily on the development of efficient quantum 
interconnects and networking protocols. 

The utilization of nanotechnology has been 
instrumental in the progression of quantum computing, 
specifically in the production of superconducting qubits, as 
noted by Clarke and Wilhelm (2008)[10]. The emergence 
of nanomaterials, including carbon nanotubes and 
graphene, has created novel opportunities for the 
implementation of quantum systems and devices 
(Geim&Novoselov, 2007) [11]. 

III. QUANTUM COMPUTING FUNDAMENTALS 

Quantum computing is founded on the fundamental 
principles of quantum mechanics, which regulate the 
actions of matter and energy at the atomic and subatomic 
levels. Quantum computing is based on fundamental 
concepts such as superposition, entanglement, and 
quantum gates. This section presents a concise summary of 
the fundamental concepts and their implications for 
quantum computing. 

• Superposition 

The principle of superposition is a fundamental 
concept in the field of quantum mechanics, which 
enables particles to exist in multiple states 
concurrently. In the realm of quantum computing, a 
qubit possesses the ability to exist in a state of 
superposition, wherein it can simultaneously embody 
both the 0 and 1 states. This unique characteristic 
allows for the concurrent processing of information. 

The qubit's state can be expressed as a linear 
combination of the basis states |0⟩ and |1⟩, as follows: 

|ψ⟩ = α|0⟩ + β|1⟩, 

The variables α and β are defined as complex 
probability amplitudes, subject to the constraint 
that the sum of the squares of their magnitudes 
equals one. 

• Entanglement 

Entanglement is an essential principle in the field of 
quantum mechanics. It refers to the phenomenon in 
which two or more quantum particles become 
correlated in a manner that renders the state of one 
particle inextricably linked to that of the others. This 
implies that the state of one particle cannot be 
described in isolation, independent of the states of the 
other particles involved. The utilization of entangled 
qubits facilitates the development of quantum 
algorithms that exhibit high levels of parallelism, 
resulting in a considerable enhancement in 
computational speed compared to classical algorithms. 

• Quantum gates 

Quantum gates are fundamental units in the realm 
of quantum computing, serving as the basis for 
manipulating qubits and achieving the intended 
quantum circuits. Quantum gates differ from classical 
gates in that they manipulate qubits rather than binary 
bits, thereby enabling the utilization of quantum 
phenomena, including entanglement and superposition, 
to attain unparalleled computational capabilities. The 
present section explores the fundamental aspects of 
quantum gates and their importance in the 
advancement of scalable quantum architectures and 
future applications. 

Quantum gates are utilized to manipulate the states 
of qubits through unitary transformations. The Pauli-X, 
Pauli-Y, Pauli-Z, and Hadamard gates are frequently 
employed as single-qubit gates in quantum computing, 
serving as fundamental building blocks for more 
intricate quantum operations. The utilization of multi-
qubit gates, such as the controlled-NOT (CNOT) gate 
and the Toffoli gate, enables the generation of 
entangled states and establishes a path towards the 
implementation of quantum algorithms. 

The process of constructing quantum circuits 
involves the systematic arrangement of quantum gates 
in a particular sequence to execute a desired 
computation. The process of constructing quantum 
gates is a delicate undertaking, primarily due to the 
fragile nature of qubits and the susceptibility of 
quantum states to decoherence. In order to tackle these 
obstacles, scholars have investigated diverse 
methodologies, such as error correction and fault 
tolerance, with the aim of preserving the consistency 
and reliability of qubits throughout the computation 
process. 

The successful deployment of quantum gates and 
the execution of quantum circuits in tangible quantum 
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systems, including but not limited to trapped ions, 
superconducting qubits, and photonic qubits, 
necessitates meticulous regulation and handling of 
quantum states. The selection of quantum gates and 
system architecture is influenced by the distinctive 
benefits and limitations presented by each quantum 
computing platform. 

Photonic quantum computing has the potential to 
provide rapid measurements and reduced noise levels. 
However, this comes at the expense of irreversible 
photon destruction during the measurement process. 
The paradigm of fusion-based quantum computation 
(FBQC), as previously introduced, utilizes entangling 
measurements to generate significant entanglement 
while also attaining fault tolerance. The utilization of 
quantum gates within the FBQC framework is a crucial 
component in the development of fusion networks, 
which function as the fundamental infrastructure of the 
quantum computing process. 

Quantum gates are of paramount importance in the 
progress and enhancement of quantum computing. The 
gates in question serve to facilitate the manipulation of 
quantum bits, or qubits, thereby allowing for the 
construction of quantum circuits that leverage the 
unique properties of quantum mechanics to execute 
intricate computational tasks. The exploration of new 
qubit realizations, scalable architectures, and the 
integration of nanotechnology is an ongoing area of 
research. The comprehension and enhancement of 
quantum gates will continue to be crucial in achieving 
advanced quantum applications. 

IV. QUANTUM COMPUTING FUNDAMENTALS 

The realization of qubits, which are the fundamental 
building blocks of quantum information, can be achieved 
through diverse physical systems, each presenting distinct 
benefits and obstacles. The selection of qubit 
representation plays a crucial role in the advancement of 
quantum computing, as it dictates the attainable quantum 
gates, error probabilities, and coherence durations. In this 
study, we investigate various notable qubit 
implementations and their potential ramifications for the 
field of quantum computing. 

• Superconducting Qubit 

The compatibility of superconducting qubits with 
current semiconductor fabrication techniques and their 
potential for large-scale integration have resulted in 
significant attention being paid to them. By utilizing 
Josephson junctions and microwave resonators, it is 
possible to manipulate superconducting qubits through 
microwave pulses, thereby facilitating accurate 
regulation of quantum states. Notwithstanding, the 
aforementioned systems encounter impediments 
associated with decoherence and crosstalk, thereby 
requiring the formulation of sophisticated error-
correction methodologies and noise abatement tactics. 

• Trapped Ions 

The utilization of trapped ions presents a highly 
compelling avenue for the realization of qubits. 

Trapped-ion qubits are capable of being manipulated 
through laser beams due to the confinement of charged 
atomic particles using electromagnetic fields. This 
results in high-fidelity quantum gate operations and 
long coherence times. Notwithstanding the benefits, the 
task of expanding trapped-ion systems to encompass a 
substantial quantity of qubits persists as a noteworthy 
obstacle, given that it necessitates meticulous 
regulation of the ions' locations and interconnections. 

• Topological Qubit 

The concept of topological quantum computing has led 
to the development of topological qubits, which are 
considered a promising realization of qubits. The 
utilization of qubits is based on the distinctive 
characteristics of topological quantum states, which 
exhibit resilience against local perturbations and errors. 
The innate ability to withstand errors renders 
topological qubits a compelling option for achieving 
fault-tolerant quantum computing. Nevertheless, the 
implementation of topological qubits in experiments 
presents a formidable obstacle owing to the exacting 
prerequisites for generating and controlling topological 
quantum states. 

• Semiconductor based Qubits 

Qubits that are based on semiconductors hold great 
promise for scalable quantum computing due to their 
utilization of the established fabrication processes and 
infrastructure of the semiconductor industry. The 
implementation of qubits can be achieved through 
diverse methodologies, such as quantum dots, donor-
based qubits, and Majorana fermions. Although 
semiconductor-based qubits have demonstrated 
encouraging outcomes in coherence times and 
scalability, additional investigation is required to 
enhance qubit control and reduce error rates. 

• Photonic Qubits 

Photonic qubits offer rapid measurements and reduced 
noise levels, albeit with the drawback of irreversible 
photon destruction during the measurement procedure. 
The FBQC paradigm is a solution to the challenge of 
achieving fault tolerance while creating extensive 
entanglement. This is accomplished through the use of 
fusion networks and entangling measurements. The 
implementation of photonic qubits exhibits potential 
for quantum computing architectures that are both 
scalable and fault-tolerant. 

The selection of qubit implementation is a crucial 
factor in the advancement of quantum computing, as it 
impacts the attainable quantum gates, error 
probabilities, and coherence durations. The 
investigation of various physical systems is required to 
attain optimal performance as each qubit realization 
presents distinct advantages and obstacles. The 
advancement of next-generation quantum applications 
is contingent upon the comprehension and 
enhancement of qubit platforms, including the 
investigation of novel qubit realizations, scalable 
architectures, and the integration of nanotechnology by 
researchers. 
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V. SCALABLE ARCHITECTURE 

The achievement of quantum computers on a large 
scale requires the creation of architectures that can be 
scaled up to support a significant number of qubits and 
enable high-precision quantum gate operations. The 
architectures in question must also confront the obstacles 
posed by decoherence, error rates, and fault tolerance, all 
while facilitating optimal resource management and 
regulation.The establishment of scalable quantum 
computing architectures is a crucial step towards the 
realization of practical quantum computing applications.In 
this discourse, we shall deliberate on pivotal factors to be 
taken into account when designing quantum computing 
systems that are scalable. These factors include error 
correction, modularity, and connectivity.  

• Error Correction 

The implementation of quantum error correction is 
of utmost importance in preserving the coherence and 
integrity of quantum information in the face of noise 
and errors. Quantum error correction codes, such as the 
surface code and the toric code, are utilized for the 
purpose of detecting and correcting errors that may 
arise during quantum computations. The 
implementation of these codes generally involves the 
utilization of both fault-tolerant quantum operations 
and redundant qubits. 

• Modularity 

The utilization of modular architectures has the 
potential to address the obstacles that arise in the 
process of expanding quantum computing systems. 
The partitioning of a quantum computer of 
significant scale into interconnected modules 
facilitates the management and control of its 
constituent parts. Recent academic research has 
investigated diverse methodologies for modular 
quantum computing, encompassing ion-trap-based 
systems and superconducting qubit systems. 

• Connectivity 

The establishment of effective interconnectivity 
among qubits and modules is a crucial aspect in 
the development of quantum computing 
architectures that are capable of scaling up. 
Quantum computing systems can utilize methods 
such as quantum teleportation and quantum 
interconnects to facilitate the transfer of quantum 
information across various components. The 
quantum computing community is currently 
engaged in active research to develop quantum 
communication channels that exhibit high-fidelity 
and low-loss characteristics. 

VI. INTEGRATING NANOTECHNOLOGY TO EXPAND 

QUANTUM COMPUTING HORIZONS 

The integration of advanced technologies such as 
nanotechnology significantly expedites the development of 
robust quantum computing systems and innovative 
quantum applications. The field in question facilitates the 
reduction in size of crucial components, improved 

regulation of quantum states, and increased efficiency of 
resources. These advancements ultimately lead to the 
optimization of quantum systems. This section explores the 
pivotal significance of integrating nanotechnology in 
enhancing quantum computing architectures across various 
qubit implementations. 

The precise construction of crucial components, such 
as Josephson junctions and microwave resonators, is 
imperative in the domain of superconducting qubits, 
necessitating the use of nanofabrication techniques. The 
utilization of cutting-edge materials and nanostructures has 
resulted in increased coherence times and reduced noise 
levels in superconducting quantum computing designs. 

The utilization of nanotechnology has played a crucial 
role in the advancement of ion trap arrays with diminished 
dimensions in the context of trapped-ion systems, thereby 
enabling unparalleled manipulation of ions and their 
interactions. Scholars have investigated the utilization of 
nanofabricated electrodes and nanostructured surfaces to 
alleviate anomalous heating rates, thereby enhancing the 
overall efficiency of trapped-ion quantum computing. 

The utilization of nanotechnology has played a crucial 
role in the practical implementation of anyonic particles in 
topological quantum computing, achieved through the 
production of two-dimensional materials and 
nanostructures. In addition, the utilization of nanoscale 
manipulation methods, such as scanning tunneling 
microscopy and atomic force microscopy, has granted 
scientists the capacity to precisely control anyonic 
particles. 

The field of photonic quantum computing has relied 
heavily on nanotechnology to facilitate the development of 
efficient single-photon sources, detectors, and integrated 
photonic circuits. The progress in nanophotonic devices, 
such as waveguides and resonators, has facilitated the 
reduction in size of photonic components and enhanced 
their efficiency. The advancement mentioned has proven 
advantageous in the adoption of the fusion-based quantum 
computation (FBQC) model, facilitating the development 
of photonic quantum computing structures that are both 
scalable and resilient to errors. 

The incorporation of nanotechnology within the realm of 
quantum computing is a crucial factor in influencing the 
trajectory of this swiftly developing discipline. Through 
the utilization of nanotechnology, scholars can attain 
precise regulation and manipulation of quantum states, 
enhance resource allocation, and elevate the 
comprehensive efficiency of quantum systems. The 
advancement of quantum computing is expected to result 
in unparalleled computational capabilities and 
revolutionary applications, as diverse qubit realizations, 
scalable architectures, and cutting-edge nanotechnologies 
synergistically combine in the field. 

Nanotechnology is crucial to the ongoing development of 
quantum computing, with nanofabrication, nanomaterials, 
and nanophotonics constituting significant contributions. 
As researchers continue to investigate the capabilities of 
nanotechnology, its incorporation will further refine 
quantum computing architectures, enhance system 
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performance, and reveal new avenues in the pursuit of 
potent quantum computing systems and innovative 
quantum applications. 

In this discourse, we examine several fundamental 

domains in which nanotechnology plays a pivotal role in 

propelling the progress of quantum computing.

 

• Nanofabrication 

The utilization of nanofabrication methods such as 
electron-beam lithography, atomic layer depo
and nanoimprint lithography is of utmost importance in 
the production of complex devices and structures that 
are essential for the implementation of qubits and 
quantum circuits. The implementation of these 
methodologies facilitates the accurate man
device parameters and characteristics, thereby 
guaranteeing the consistency and dependability of 
quantum computational infrastructures. In addition, the 
utilization of nanofabrication techniques enables the 
amalgamation of diverse qubit implementations into 
intricate, multi-tiered configurations, thereby 
facilitating the advancement of intricate quantum 
computing frameworks. 

• Nanomaterials 

Nanomaterials that are currently in the developmental 
stage, such as graphene, topological insulators, an
two-dimensional materials, possess distinct quantum 
characteristics that can be effectively utilized for the 
purpose of quantum computing. The aforementioned 
materials possess the capability to enhance the 
coherence times of qubits, lower error rates, an
introduce innovative qubit realizations, thereby 
creating fresh opportunities for research in the field of 
quantum computing. Furthermore, the advancement of 
hybrid nanomaterial systems, such as the combination 
of superconductor-semiconductor or supercon
topological insulator heterostructures, has the potential 
to generate novel qubit configurations and improved 
efficiency, thereby expanding the limits of 
contemporary quantum computing technology.

• Nanophotonics 

The field of nanophotonics is crucial 
advancement of quantum communication and 
interconnect technologies due to its focus on the 
examination of light-matter interactions at the 
nanoscale. Through the manipulation and confinement 
of light at the nanoscale, scholars are able to establish 
quantum channels that are both efficient and low
thereby facilitating the transfer of quantum information 
between qubits and modules. The utilization of 
nanophotonic devices, such as photonic crystals, 
plasmonic nanostructures, and integrated photoni
circuits, allows for the precise regulation of photon 
propagation and interaction. This, in turn, promotes the 
advancement of photonic quantum computing 
architectures that are scalable. Nanophotonics has the 
potential to offer durable quantum interconnec
can facilitate the amalgamation of diverse qubit 
realizations into hybrid quantum computing systems. 
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This, in turn, can promote the establishment of 
extensive quantum networks.

Fig. 1  Energy efficiency of various nanomaterials in quantum system
over time 
 

Figure 1 illustrates the advancements in quantum 

computing and nanotechnology integration. It illustrates a 

line graph comparing the energy efficacy of various 

nanomaterials utilized in quantum systems over time. The 

plot provides a clear and concise representation of the data, 

facilitating the identification of trends and patterns.

 

VII. FUTURE PROJECTIONS&

The advancement of quantum computing presents a 
number of prospects and obstacles that necessitate 
resolution in order to facilitate 
functional and effective quantum computing system
section enlighten thesignificance domains for prospective 
research and advancement in the field of quantum 
computing. 

• Fault tolerance and Error correction

The development of error correction and fault
techniques is a crucial obstacle in the construction of 
functional quantum computers. The susceptibility of 
qubits to errors arising from environmental noise and 
imperfect control is attributed to the 
of quantum states. The attainment of dependable and 
extensive quantum computing systems will be 
contingent upon the development of effective error 
correction codes and architectures that are fault
tolerant. 

• Quantum Algorithms and Software

The realization of the complete potential of quantum 
computing will require the indispensable development 
of quantum software and algorithms, in addition to the 
progress in quantum hardware. The aforementioned 
tasks encompass the generation of nov
algorithms, optimization methodologies, and 
programming languages that are specifically designed 
for quantum computing systems. Additionally, it 
involves the formulation of effective classical
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& OBSTACLES 

The advancement of quantum computing presents a 
number of prospects and obstacles that necessitate 
resolution in order to facilitate the development of 
functional and effective quantum computing systems. This 

domains for prospective 
research and advancement in the field of quantum 

Fault tolerance and Error correction 

The development of error correction and fault-tolerant 
techniques is a crucial obstacle in the construction of 
functional quantum computers. The susceptibility of 
qubits to errors arising from environmental noise and 
imperfect control is attributed to the inherent fragility 
of quantum states. The attainment of dependable and 
extensive quantum computing systems will be 
contingent upon the development of effective error 
correction codes and architectures that are fault-

Software 

The realization of the complete potential of quantum 
computing will require the indispensable development 
of quantum software and algorithms, in addition to the 
progress in quantum hardware. The aforementioned 
tasks encompass the generation of novel quantum 
algorithms, optimization methodologies, and 
programming languages that are specifically designed 
for quantum computing systems. Additionally, it 
involves the formulation of effective classical-quantum 
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hybrid algorithms that can effectively utilize the 
advantages of both computing paradigms. 

• Security and Privacy 

The growing capabilities of quantum computers also 
provide new vulnerabilities to traditional cryptography 
protections. To meet these problems and safeguard 
digital systems in the age of quantum computing, it is 
crucial to create new quantum-resistant cryptographic 
algorithms and secure communication mechanisms. 

• Collaboration and Education 

The promotion of interdisciplinary collaboration 
among researchers in the fields of quantum computing, 
nanotechnology, and other relevant areas will be 
imperative in surmounting obstacles and achieving the 
complete potential of quantum computing. This entails 
allocating resources towards the education and training 
of upcoming quantum computing researchers and 
professionals, thereby guaranteeing a robust talent pool 
for future endeavors. 

VIII. CONCLUSION 

In this paper, we present a comprehensive analysis of the 

present status and prospective advancements in the realm 

of quantum computing, with a particular focus on the 

implementation of qubits, expandable frameworks, and 

the amalgamation of nanotechnology. Despite notable 

advancements, there exist several obstacles that require 

attention to effectively leverage the potential of quantum 

computing. Quantum computing possesses the potential to 

revolutionize a diverse array of applications, including 

cryptography, optimization, materials science, and drug 

discovery, provided that the challenges are surmounted 

and the field continues to progress. 

ACKNOWLEDGMENT 

I would like to express my gratitude to individuals who 
have aided me with their respective feedbacks for the 
research. I'd also like to thank the people who took part in 
this study and gave us their valuable information. Their 
assistance is deeply appreciated. I am thankful to the 
editorial board and peer reviewers for their insightful 
comments and suggestions that assisted me in refining the 
research findings. The paper's effectiveness has been 
substantially enhanced by their insightful critique and 
recommendations. 

REFERENCES 

[1] Devoret, M. H., & Schoelkopf, R. J. (2013). Superconducting 
circuits for quantum information: An outlook. Science, 339(6124), 
1169–1174. doi:10.1126/science.1231930. 

[2] Koch, J., Yu, T. M., Gambetta, J., Houck, A. A., Schuster, D. I., 
Majer, J., … & Devoret, M. H. (2007). Charge-insensitive qubit 
design derived from the Cooper pair box. Physical Review A, 
76(4), 042319. doi:10.1103/PhysRevA.76.042319. 

[3] Nayak, C., Simon, S. H., Stern, A., Freedman, M., & Das Sarma, S. 
(2008). Non-Abelian anyons and topological quantum 
computation. Reviews of Modern Physics, 80(3), 1083–1159. 
doi:10.1103/RevModPhys.80.1083. 

[4] Blatt, R., & Wineland, D. (2008). Entangled states of trapped 
atomic ions. Nature, 453(7198), 1008–1015. 
doi:10.1038/nature06881. 

[5] Zhang, J., Pagano, G., Hess, P. W., Kyprianidis, A., Becker, P., 
Kaplan, H. B., … & Monroe, C. (2017). Observation of a many-
body dynamical phase transition with a 53-qubit quantum 
simulator. Nature, 551(7682), 601–604. doi:10.1038/nature24279. 

[6] Terhal, B. M. (2015). Quantum error correction for quantum 
memories. Reviews of Modern Physics, 87(2), 307–346. 
doi:10.1103/RevModPhys.87.307. 

[7] Fowler, A. G., Mariantoni, M., Martinis, J. M., & Cleland, A. N. 
(2012). Surface codes: Towards practical large-scale quantum 
computation. Physical Review A, 86(3), 032324. 
doi:10.1103/PhysRevA.86.032324. 

[8] Monroe, C., Kim, J., Duan, L. M., & Raussendorf, R. (2014). 
Scaling the ion trap quantum processor. Science, 341(6150), 1164–
1169. doi:10.1126/science.1231950. 

[9] Kimble, H. J. (2008). The quantum internet. Nature, 453(7198), 
1023–1030. doi:10.1038/nature06882. 

[10] Clarke, J., & Wilhelm, F. K. (2008). Superconducting quantum 
bits. Nature, 453(7198), 1031–1042. doi:10.1038/nature06883. 

[11] Geim, A. K., & Novoselov, K. S. (2007). The rise of graphene. 
Nature materials, 6(3), 183–191. doi:10.1038/nmat1849 

 


