
https://doi.org/10.55972/spectrum.v27i1.447 ORIGINAL PAPER

Spectrum - The Journal of Operational Applications in Defense Areas

Journal homepage: https://spectrum.ita.br

Quantum Technologies: Quantum Computing

Superconducting Quantum Interference Devices: Potential
Applications in Air Defense
Denys Derlian C. Brito1,* and André J. Chaves1,2

1Instituto Tecnológico de Aeronáutica (ITA), 12228-900, São José dos Campos/São Paulo – Brasil
2Centro de Física das Universidades do Minho e do Porto (CF-UM-UP) e Departamento de Física da Universidade do Minho, P-4710-057,
Braga – Portugal

*Corresponding Author: derlian@ita.br

Keywords

Superconducting Quantum Interference
Devices (SQUIDs)
Air Defense
Quantum Sensing
Cybersecurity
Literature Review

Article Information

Received 13 July 2026
Revised 29 September 2026
Accepted 14 October 2026
Available 28 October 2026

Abstract

This paper explores the potential applications of Superconducting Quantum Interference
Devices (SQUIDs) in air defense. Emphasizing the significance of quantum technologies, we
delve into the theoretical foundations, circuit designs, and practical applications of SQUIDs,
particularly focusing on their role in enhancing cybersecurity in military contexts. The study
highlights the advantages of SQUIDs in improving radar sensitivity and resolution, ensuring
secure communications, and bolstering cybersecurity measures. By integrating qualitative
analysis and literature review, we provide a comprehensive overview of how SQUIDs can
transform air defense systems. The findings suggest that further research and development
in this area could lead to significant advancements in military technology, making defense
systems more robust and reliable.

1. Introduction
Quantum computing, with its potential to solve com-

plex problems exponentially faster than classical computers,
is poised to revolutionize various fields [1]. One of the
most promising components of quantum computing hard-
ware is the Superconducting Quantum Interference Devices
(SQUIDs), which leverages quantum mechanical effects to
perform precise measurements of magnetic fields [2]. The
unique properties of SQUIDs make them ideal for applica-
tions that require extreme sensitivity and precision [3].

In the military domain, the ability to detect and process
information with high accuracy is fundamental and SQUIDs,
due to their sensitivity, offer significant advantages in this
regard. For instance, they can enhance the performance of
radar systems, leading to better detection capabilities and im-
proved response times to potential threats [4]. Additionally,
the integration of SQUIDs into communication systems can
provide more secure channels, leveraging quantum properties
to prevent interception and eavesdropping [5].

The peer review process was coordinated, and the final publication
approved, by Humberto Baldessarini Pires .

Quantum technologies represent a frontier in scientific ad-
vancement with profound implications across various sectors,
including military applications [6]. In this context, SQUIDs,
as relevant elements of quantum technology, have garnered
significant interest globally [7]. This paper investigates the
relevance of SQUIDs in military contexts, particularly air
defense, through qualitative analysis and literature review.

The methodology adopted in this paper involves a com-
prehensive qualitative analysis and a thorough review of
existing literature. By synthesizing findings from various
studies and analyzing current technological advancements,
we aim to provide a holistic view of the potential applica-
tions of SQUIDs in air defense. This approach ensures a
robust understanding of both the theoretical underpinnings
and practical implications of utilizing SQUIDs in military
technologies.

2. Superconducting Quantum Interfer-
ence Devices

SQUIDs are highly sensitive magnetometers used to mea-
sure subtle magnetic fields [8]. These devices operate at low
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temperatures and utilize superconducting loops containing
Josephson Junctions, which are key to their high sensitivity
and precision [2]. The applications of SQUIDs range from
medical imaging to mineral exploration and, notably, military
technologies [9].

One of the primary advantages of SQUIDs is their ability
to detect magnetic fields with high sensitivity [3]. This sen-
sitivity arises from the quantum mechanical properties of the
superconducting loops and Josephson Junctions, which allow
SQUIDs to detect changes in magnetic flux as small as a few
femtoteslas [10]. This capability makes them indispensable
in fields requiring precise magnetic field measurements, such
as biomagnetic studies [11] and geophysical surveys [12].

Moreover, SQUIDs are integral to the development of
quantum computing systems. Their ability to measure and
control quantum states with high accuracy is essential for
the advancement of quantum information processing [13]. In
military applications, this precision can be leveraged to en-
hance the performance of various defense systems, including
navigation, detection, and communication technologies [4].

2.1. Josephson Junctions
A Josephson Junction is a fundamental component of

SQUIDs, characterized by the Josephson effect [14]. The
governing equations are [15]:

I(ϕ) = Ic sin(ϕ) (1)

V (ϕ) =
h̄
2e

dϕ

dt
(2)

where Ic is the critical current, ϕ is the phase difference
across the junction, V is the voltage, h̄ is the reduced
Planck constant, and e is the electron charge. These equations
illustrate the quantum mechanical nature of the Josephson
Junction.

The Josephson effect allows for the supercurrent to pass
through the junction without any voltage drop, provided
the current remains below a critical value Ic. This unique
property results from the tunneling of Cooper pairs across
the insulator, a phenomenon that can only be explained by
quantum mechanics [16]. The Josephson equations describe
the relationship between the current, voltage, and phase
difference, forming the basis for the operation of SQUIDs.

Josephson Junctions exhibit interesting behaviors, such as
the AC and DC Josephson effects. The AC Josephson effect
occurs when a constant voltage is applied across the junction,
causing an oscillating supercurrent. The frequency of this
oscillation is directly proportional to the applied voltage,
providing a precise frequency standard. The DC Josephson
effect, on the other hand, involves a supercurrent flowing
without any voltage drop, as long as the current is below Ic
[15]. These effects are harnessed in various quantum devices
and contribute to the high sensitivity of SQUIDs [16].

2.2. Circuit Design with SQUIDs
The basic configuration of a SQUID involves a super-

conducting loop with one or two Josephson Junctions [3].
In a DC SQUID, two Josephson Junctions are placed in

parallel within the loop. The magnetic flux threading the loop
induces a circulating current that alters the phase differences
across the junctions. This change in phase modulates the
supercurrent through the junctions, enabling the detection of
small magnetic fields [10].

A representation of a SQUID circuit can be visualized in
Fig. (1):

Fig. 1. SQUID circuit representation

The total current in a SQUID can be described as [17]:

I = I1 sin(ϕ1)+ I2 sin(ϕ2) (3)

where I1 and I2 are the currents through two Josephson
Junctions with phase differences ϕ1 and ϕ2. Additionally,
for a symmetric SQUID, using the trigonometric relations
of the sum of two sines and the fluxoid quantization, this
equation is rewritten as:

I = 2Ic cos(ϕe)sin
(

ϕ1 +ϕ2

2

)
= 2Ic cos(ϕe)sin(ϕ) (4)

where Ic is the critical current, ϕe represents the external
phase bias due to the applied magnetic flux threading the
SQUID loop, while ϕ = ϕ1+ϕ2

2 is the average phase differ-
ence across the Josephson junctions. These terms describe
the current I through the SQUID, reflecting the interplay
between the external magnetic flux and the phase dynamics
of the junctions.

Advanced SQUID designs include multi-loop configura-
tions and integrated SQUID arrays. These designs enhance
the device’s sensitivity and allow for the measurement of
spatial variations in magnetic fields [18]. By optimizing the
geometry and material properties of the SQUID circuits,
researchers can tailor the device’s performance for specific
applications, such as low-noise amplification in quantum
computing [19] or high-resolution imaging in medical di-
agnostics [20].

The integration of SQUIDs into larger systems requires
careful consideration of the noise characteristics and ther-
mal management [21]. Since SQUIDs operate at cryogenic
temperatures, maintaining a stable low-temperature environ-
ment is essential for their optimal performance. Furthermore,
minimizing electrical noise and interference from external
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sources is essential to preserve the device’s high sensitivity.
Advances in cryogenics and shielding technologies continue
to improve the practical deployment of SQUIDs in various
applications [18].

3. Potential Applications in Air Defense
The potential of SQUIDs in air defense is vast, from

enhancing radar systems to improving secure communication
channels. This section provides a comprehensive analysis of
various applications.

3.1. Enhanced Radar Systems
SQUIDs can significantly improve the sensitivity and

resolution of radar systems, enabling better detection and
tracking of stealth aircraft and other airborne threats [4],
as well as submarines [8]. Traditional radar systems of-
ten struggle to detect low-signature targets due to limited
sensitivity [22]. However, the sensitivity of SQUIDs allows
for the detection of weak signals, thereby enhancing radar
capabilities [18].

The ability of SQUIDs to measure minute changes in
magnetic fields can be utilized to develop radars that operate
at lower power levels while maintaining high resolution
[23]. This is particularly advantageous in military operations
where stealth and energy efficiency are necessary. Enhanced
radar systems using SQUIDs can detect and track objects
with greater accuracy [24], providing a strategic advantage
in surveillance and reconnaissance missions.

Furthermore, SQUID-based radars can be integrated with
existing radar systems to improve overall performance. By
combining the high sensitivity of SQUIDs with conventional
radar technologies, it is possible to create hybrid systems that
offer superior detection capabilities. This integration can be
achieved through advanced signal processing techniques and
the development of custom hardware interfaces [25].

In addition to enhanced detection, SQUID-based radar
systems can improve clutter suppression and target dis-
crimination. Clutter, which refers to unwanted echoes from
objects apart from the target, can significantly degrade radar
performance [26]. The high sensitivity and precision of
SQUIDs enable better differentiation between target signals
and clutter, leading to more accurate tracking and identifica-
tion of threats [27].

3.2. Secure Communication
Quantum properties of SQUIDs can be utilized to develop

secure communication channels resistant to eavesdropping
and cyberattacks, ensuring the integrity and confidentiality of
military communications [28]. The principles of quantum key
distribution (QKD) and quantum encryption can be applied
to create communication systems that are inherently secure
[29].

One of the primary challenges in military communication
is ensuring that messages remain confidential and tamper-
proof. Traditional encryption methods, while robust, are
susceptible to being broken with the advent of quantum

computing. Quantum communication systems, on the other
hand, use the principles of quantum mechanics to secure data
transmission [5].

The implementation of SQUIDs in quantum communica-
tion systems can significantly enhance their performance. For
instance, SQUIDs can be used to detect and correct errors in
quantum key distribution, ensuring the reliability of the key
exchange process [30]. Additionally, the high sensitivity of
SQUIDs can improve the detection of quantum signals over
long distances, making secure communication feasible even
in challenging environments [31].

Moreover, SQUID-based communication systems can be
integrated with existing military communication infrastruc-
ture. This integration allows for the gradual adoption of quan-
tum technologies without the need for a complete overhaul
of current systems. By incorporating SQUIDs into secure
communication networks, military organizations can enhance
their cybersecurity posture and protect sensitive information
from potential adversaries [32].

3.3. Cybersecurity
One of the key advantages of SQUIDs in cybersecurity

is their ability to detect subtle changes in electronic signals
that may indicate a security breach. Traditional cybersecurity
measures often rely on software-based detection methods,
which can be bypassed by sophisticated attackers. SQUIDs,
however, can provide a hardware-based layer of security that
is much harder to circumvent [33].

Incorporating SQUIDs into cybersecurity frameworks can
enhance the detection of anomalies and unauthorized access
attempts, providing a robust defense against cyber threats.
The high sensitivity and precision of SQUIDs make them
ideal for monitoring and securing complex digital environ-
ments [34].

Furthermore, SQUIDs can be employed in the develop-
ment of quantum cryptographic protocols. These protocols
leverage the principles of quantum mechanics to create
encryption methods that are theoretically unbreakable. The
precision and sensitivity of SQUIDs are essential for the
implementation of these protocols, ensuring the secure ex-
change of cryptographic keys and the protection of sensitive
data [35].

4. Conclusion
Superconducting Quantum Interference Devices hold sub-

stantial promise for advancing air defense technologies.
Their applications in radar, secure communications, and
cybersecurity illustrate their potential to transform military
operations. Future research should focus on overcoming
technical challenges and integrating SQUIDs into existing
defense systems.

The advancements in SQUID technology have opened new
avenues for improving the sensitivity and effectiveness of
radar systems. Enhanced radar capabilities can significantly
augment threat detection and situational awareness, provid-
ing military forces with a strategic advantage. By leveraging
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the unique properties of SQUIDs, radar systems can achieve
higher resolution and better target discrimination, which are
decisive for modern air defense.

In the realm of secure communication, the integration of
SQUIDs offers unprecedented levels of security. Quantum
communication systems, underpinned by the precise mea-
surements of SQUIDs, can safeguard military communica-
tions against eavesdropping and cyberattacks. This ensures
that sensitive information remains confidential and protected,
which is vital for the integrity of military operations.

Cybersecurity frameworks enhanced with SQUIDs can de-
tect and mitigate threats with higher accuracy and efficiency.
The ability to monitor and analyze electronic signals in real-
time provides a robust defense against sophisticated cyber
threats. By incorporating SQUIDs into cybersecurity mea-
sures, military organizations can strengthen their defenses
against unauthorized access and ensure the protection of
critical infrastructure. This proactive approach to cybersecu-
rity is essential in an era where cyber threats are becoming
increasingly complex and pervasive.

The potential applications of SQUIDs in air defense are
not limited to the scenarios discussed in this paper. As
research and development in quantum technologies continue
to advance, new and innovative uses for SQUIDs are likely
to emerge. Continued investment in this field will facilitate
the integration of SQUIDs into a broader range of military
systems, further enhancing their capabilities and effective-
ness.

Moreover, collaboration between academia, industry, and
military institutions will be key to overcoming the technical
challenges associated with SQUID technology. By working
together, these entities can accelerate the development and
deployment of SQUID-based systems, ensuring that military
forces are equipped with the most advanced technologies
available. This collaborative approach will also help to iden-
tify and address any potential limitations or vulnerabilities
in SQUID applications.

Future research should focus on addressing the remain-
ing technical challenges, such as improving the operational
stability of SQUIDs and reducing their cost. Additionally,
exploring new materials and fabrication techniques could
further enhance the performance of SQUIDs. As we continue
to push the boundaries of what is possible with quantum
technologies, SQUIDs will undoubtedly play a fundamental
role in shaping the future of military defense systems.
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