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Abstract— The design process and the deployment mechanism
of a quadrifilar helix antenna (QHA) and a conical log spiral
antenna (CLSA) are presented. The two antennas are proposed
to operate in the UHF frequency band. They are composed
of conductors that are embedded and supported by innovative
structural techniques. This allows efficient folding, packaging,
and deployment once in space. The conductors in the QHA
are composed of beryllium copper and are supported by helical
arms of S2 glass fiber reinforced epoxy. The CLSA, on the other
hand, has conductors that are made out of a mesh of phosphor
bronze and incorporated inside thin insulators composed of
continuous fiber composites. The new aspects of these designs lie
in their structures and deployment mechanisms. The deployment
mechanisms for both antennas include helical pantograph and
origami patterns such as Z-folding configurations. Both antennas
are fabricated and tested for both deployment and radiation
performance. A comparison is executed between both designs,
and their potential deployment possibilities from CubeSats are
also investigated.

Index Terms— Balun, conical log spiral antenna (CLSA),
CubeSat, deployable antennas, helical antennas, helical panto-
graph, origami, quadrifilar helix antenna (QHA), space commu-
nications, Z-folding.

I. INTRODUCTION

THE design of novel space antenna concepts that cover
different frequency ranges constitutes a major challenge.

There is a rise in the development of nanosatellites such as
CubeSats, due to their ease of fabrication and low cost. The
push for CubeSat designs has forced antenna designers and
aerospace engineers to seek solutions for deployable antennas
that have to be stowed inside the CubeSat’s limited space and
deploy from its platform once in space. The antennas proposed
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have to be folded in order to fit inside a CubeSat. 1U CubeSats
are of the dimensions 10 cm×10 cm×10 cm. In this paper, the
antennas presented are designed to deploy from a 6U CubeSat
and need to be folded to fit inside a 2U CubeSat.

The challenge of deploying antennas from a CubeSat is
amplified by the requirements to design antennas that are
operational at UHFs. Lower frequencies impose larger antenna
sizes. This fact forces the use of extreme packaging ratios and
advanced deployment mechanisms.

Many types of deployable antennas have been used on orbit.
Reflector types constitute the widest category [1], [2]. These
are commonly based on truss types to constitute a synthetic
aperture radar that can be mounted on any spacecraft as
discussed in [3]. Folded structures that resort to hoops or
ribs have been proposed for space communications in [4].
Accordion or spring-shaped tunable antenna structures can
also be used on satellite platforms [5]–[7]. Tape springs and
neutrally stable material have constituted a major contributor
to deployable antenna structure designs as discussed in [8].

Despite the advancement in antenna structure design, the
most common antennas deployed on CubeSats remain mainly
dipoles that are arrayed in various configurations [9]. Helical
antennas are also a popular choice of CubeSat antennas due
to their natural circular polarization and wide bandwidth [10].
Patch antennas printed on CubeSat sides are good potential
candidates for use on small satellites as discussed in [11].

Deployable antennas for CubeSats can also be designed
using log periodic structures such as a log periodic crossed
dipole antenna array [12]. The log periodic crossed dipole
antenna array can be built using a bistable composite material.
This type of antenna exhibits a directive beam and an
acceptable bandwidth [12]. Another logarithmically scaled
antenna can be the conical log spiral antenna (CLSA) that
is typically fed at its apex. This antenna satisfies all the
imposed constraints of CubeSat communication operation such
as circular polarization, large bandwidth, and efficient gain.
Other configurations of the CLSA can also be utilized to
satisfy various constraints such as a narrower base or a bigger
height. For example, a bottom fed CLSA deployed on top of
a ground plane is a possible candidate [13].

This paper discusses antennas with an objective to establish
an earth-space satellite link that is operational for transmit
and receive between 300 and 600 MHz within the UHF band.
The antennas presented are proposed to be circularly polar-
ized since circular polarization is required due to Faraday
rotation effects in the ionosphere. This paper considers two
classical antenna designs for the CubeSat series of satellites,
one narrow-band antenna and one wideband antenna. The
narrow-band antenna is a quadrifilar helix antenna (QHA) with
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a bandwidth of 22 MHz; here, we choose the operating center
frequency to be at 365 MHz. The wideband antenna, a CLSA,
is capable of operating over the entire UHF satcom band.
These antennas are generally required to have a minimum gain
of 5 dB, which can be considered acceptable for a typical UHF
CubeSat operation as described in [14]. The antennas are also
required to have a maximum axial ratio of 3 dB to satisfy cir-
cular polarization requirements. The deployment mechanisms
of both antennas allow for a compact storage capability, which
is a critical requirement for CubeSat antennas. The QHA is
designed using beryllium and is proposed to deploy on top of
a deployable ground plane. The CLSA is proposed to be Z-
folded once in storage. The antenna then deploys away from
the satellite exhibiting typical CLSA behavior.

In this paper, Section II discusses the physical structure of
the QHA, its fabrication, as well as its folding and deploy-
ment techniques. Section III presents the structure, design,
packaging, and deployment of the CLSA. The feeding mech-
anisms for both antenna structures are shown in Section IV,
while Section V details their measurement results and perfor-
mance analysis. Section VI compares both antenna structures.
A discussion about the reliability, accuracy, and feasibility of
both proposed antenna designs is executed in Section VII.
Section VIII concludes this paper.

II. QUADRIFILAR HELIX ANTENNA STRUCTURE, DESIGN,
FABRICATION, AND DEPLOYMENT

Four twisted helical arms constitute the structure of a QHA.
The arms are composed of wires that helically wrap around
each other forming four orthogonal conductive turns. The
arms’ conductors are fed in a progressive quadrature phase,
and are arranged to define two separate helically twisted loops.
A QHA can be described as a collection of four helices that
share the same longitudinal axis, and each of the helices is
rotated 90° with respect to any of the other three helices. The
antenna’s topology makes its radiation pattern omnidirectional
with a circular polarization. The quadrifilar helix can be fed
at the top or at the bottom of the antenna, while the opposite
end of the wire is either shorted or open [15], [16].

In this paper, we present a new open-ended QHA. The
antenna has four arms of the same lengths and is designed
to operate in the UHF band at 365 MHz. The antenna is
conceptualized to be deployed using four helical conductive
beryllium arms and four additional helical arms that are made
of unidirectional S2 glass composites as shown in Fig. 1(a).
The antenna has a helix diameter of 11.52 cm. The helix diam-
eter is the distance between the end tips of two diametrically
opposite conductors. The helix height that is the distance from
the ground plane to the end of each conductor is 50 cm. The
antenna has 1.125 turns and a helix spacing of 37.067 cm.

The dimensions of the supporting nonconducting arms are
chosen in a way to achieve sufficient torsional and axial
stiffness using geometric and material parameters [17]. During
launch, the antenna is compactly stowed and deploys once on
orbit. The deployment mechanism summarized in Fig. 2 is
based on the helical pantograph concept, which is extended
from the linear pantograph concept discussed in [18] and [19].
The conductors are folded elastically into a four-leaf clover

Fig. 1. (a) Antenna structure with conductive arms shown in thin lines and
nonconductive supporting arms shown in thick lines. (b) Comparison between
the radiation patterns for a ground plane of size 0.5λ and 1.25λ.

Fig. 2. Fabricated prototype in various stages of deployment.(a) Antenna
fully folded at stage 1. (b) Stage 2 of antenna deployment. (c) Antenna fully
deployed undergoing a structural test at stage 3

shape as shown in Fig. 2(a). Every beryllium conductor is
attached to two supporting helical rods of S2 glass composite.
Multiple nonconductive joints can be used to connect the
conductive arms with the nonconductive supporting helices
as shown in Fig. 2(b). The dimensions of the joints and the
diameters of the holes drilled to attach them are in the order
of λ/200 at 365 MHz. The opposite sense helices that are
connected by joints are also aligned with the radial direction,
at every crossover point as shown in Fig. 2(c). Unlike the
linear pantograph, this structure undergoes elastic deformation
to achieve relative rotation of the joints. Hence, the structure
has the potential to deploy by releasing its stored strain
energy, rather than relying on deployment systems that provide
external energy, such as cables or motors. It is also capable of
significant length changes during the stowing and deployment
phases. These features extend beyond many other techniques
that are applied on antennas with similar topologies [19].

The conductive and support helices are strain free after
deployment. The eight-helix helical pantograph is tested for
deployment functionality and compaction force. The helices
are attached with nonconductive screws, and thin plastic
washers are used to separate the helices at all connection points
in order to reduce friction. In the fabricated prototype shown
in Fig. 2(c), the beryllium conductors are colored in gold,
while the support helices are colored in white.

In order to avoid any antenna radiation to be directed
toward the satellite, a ground plane is required to be deployed
underneath the antenna. The size of the ground plane is
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Fig. 3. 3-dB beamwidth versus peak gain in function of ground plane side
dimension [15].

Fig. 4. CLSA design parameters.

a key aspect in the design process of such structures. It is
found through an iterative optimization analysis using Ansys’
HFSS [20] that the dimensions of the ground plane affect
the antenna’s back lobe radiation, beamwidth, and peak gain.
The effect of the ground plane size on the gain and 3-dB
beamwidth is shown in Fig. 3. A peak gain of 8 dB is
reached when the side of the square ground plane is 1.25λ.
However, the 3-dB beamwidth reaches its peak of 100° at
around 0.5λ [15]. As for the back lobe radiation, it is inversely
proportional to the size of the ground plane. Fig. 1(b) shows
a comparison between the radiation patterns of the QHA for
a ground plane of sizes 0.5λ and 1.25λ.

III. CONICAL LOG SPIRAL ANTENNA DESIGN,
STRUCTURE, AND DEPLOYMENT

Another candidate proposed for deployment from a CubeSat
is the CLSA. A CLSA is defined as a frequency-independent
antenna [21]. The CLSA is composed of conductors that
wrap around a conically shaped structure in a logarithmically
progressive manner.

The operating frequency of a CLSA is dependent on the
ratio between the outer and the inner radii of the cone defining
the structure [21]. The outer radius is the radius of the base
of the cone (large radius), while the inner radius is the radius
of the circle at the apex of the cone (smaller radius). The
structure of the CLSA is shown in Fig. 4. The increase in the

ratio between these two radii improves the performance of the
antenna at lower frequencies. As any logarithmic antenna,
the topology of the radiating conductor heavily affects the
antenna radiation characteristics. In this case, the winding of
the conductor determines its directivity [21]. The radiation
characteristics of the antenna are determined by a study of its
propagation constant. This has led to the identification of the
antenna’s active region, also known as the antenna’s effective
radiating aperture. Any CLSA design depends on the position
and size of this active region as a function of the various
antenna parameters [21].

One of the most important parameters in the design of the
CLSA is the cone generator. The cone generator is optimized
to be 19.6 cm using Ansys’ HFSS [20], to satisfy both
electromagnetic performance and structural packaging con-
straints. The antenna is logarithmically scaled, which forces
its conductors’ widths, and the spacing between the different
conductors’ turns to be logarithmically distributed.

The CLSA is typically fed at its apex. This feeding topology
ensures that the radiation is directed towards the apex of the
cone that governs the antenna structure. No significant back
radiation must be noted. The ability of the CLSA to radiate,
in its majority, toward its apex with an insignificant back
lobe radiation allows it to be a suitable candidate for CubeSat
deployment. The antenna design proposed herein has an inner
radius of 7 cm, an outer radius of 14.1 cm, 1.25 turns of the
conductor, and a cone height of 18.5 cm.

The major novel aspects of this antenna design are its struc-
ture, deployment mechanism, and material composition. The
structure of the proposed CLSA has to be stowed compactly
while in storage and then deploy once in space. In order
for the antenna to possess such properties, it has to exhibit
high packing ratios during storage and great deployment
reliability once in space. The material used to fabricate the
antenna as well as its structural composition has to allow
this desired structural behavior. Thus, the antenna is built
using a support material that is composed of a dual-matrix
shell [22], [23]. The shell is composed of fiberglass, epoxy, and
ultraviolet (UV) cured silicone. The epoxy used is the PMT-F4
from Patz Technologies. The silicone used is the UV-curing
silicone LOCTITE 5055 [24], and the fiberglass used is the
Astroquartz II 525 plain weave fabric from JPS Composites.

The conductor used to form the radiator of the CLSA
is a phosphor bronze-woven mesh from TPW, Inc. Thus,
the conductor is not a continuous filament but rather a
mesh of microwires that are woven together with an average
of 325 wires/in and a wire diameter of 28 μm. The conductor
needs to be thin to minimize its effect on the folding capa-
bilities of the dual-matrix shell. However, its thickness needs
to be larger than the skin depth (δ) [25] of the conductor at
the lowest operating frequency. In this paper, the thickness of
the conductor is chosen to be around 2δ, which is equivalent
to 6 μm. The phosphor bronze mesh conductor is sandwiched
between two layers of Astroquartz-epoxy composites that are
impregnated at the folding locations with an Astroquartz-
silicone composite.

The fabricated prototype shown in Fig. 5 is composed of
a six-ply plain weave fiberglass. The antenna is required to
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Fig. 5. Fabricated CLSA.

Fig. 6. (a) Z-folding progression scheme. (b) Implementation of the folding
process on the fabricated prototype.

be folded and stowed during the launch phase. The folding
mechanism that is proposed to be applied on this type of
antenna is the Z-folding scheme. It is based on the fact that the
Astroquartz-silicone composite infused in strategic locations
acts as hinges that allow the origami Z-folding mechanism to
occur as shown in Fig. 6. The folding lines that are composed
of an Astroquartz-silicone composite are 10-mm wide and are
embedded in a silicone matrix. The remainder of the shell is
embedded in a stiffer epoxy matrix.

Based on the fact that the CLSA radiates toward its apex
with no significant back lobe radiation, a ground plane is
not needed for deployment in this case. The antenna is also
proposed to deploy and reach its final stable configuration as
shown in Fig. 7 where the deployed CLSA is integrated with
a 6U CubeSat. A dual-matrix composite based on Astroquartz
support rod deploys the Z-folded antenna from the satellite
cavity and maintains the stability of the antenna once on orbit.
The presence of the satellite as well as the rod affects the

Fig. 7. Diagram of a 6U CubeSat with the deployed CLSA.

Fig. 8. QHA’s feeding network. (a) Diagram. (b) Implementation.

antenna radiation characteristics. The rod dimensions, tilting
angle, and the satellite’s position with respect to the antenna
are optimized in order to reduce their effect on the antenna’s
back lobe radiation, circular polarization, gain, and operating
bandwidth. It is found that a minimum effect is achieved with
a rod of radius 1 cm and a total length 20 cm, out of which
only 10 cm extends outside the satellite. The overlap between
the antenna’s nonconductive shell and the rod is optimized to
be at a maximum of 2 cm. The rod has to also be titled out
of the satellite with an angle of at least 20°. It is important to
note that similar to the QHA, the dual-matrix shell composing
the antenna can also deploy using only stored energy and does
not require any actuation.

IV. FEEDING MECHANISMS

A. Feeding Network for the Quadrifilar Helix Antenna

The feeding network of a QHA has to allow a quadrature
phase difference between each pair of the conducting arms.
The objective is to achieve a progressive 90° phase shift
between the different ports of the antenna. The power fed
to the antenna’s input port is redistributed as well as phase
shifted among the different antenna arms. The feeding network
adopted for this design consists of a one-to-two-port 180°
hybrid coupler with a power splitter and two 90° hybrid
couplers with power splitters, as summarized in Fig. 8(a).
Each output port of the 180° hybrid coupler is connected to
an input port of the 90° hybrid coupler. The different ports
of the 90° hybrid couplers excite the antenna arms with a
progressive 90° phase shift [26]. It is important to note that
since this antenna deploys vertically on top of a ground plane,
the feeding network is proposed to be included inside the
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Fig. 9. Measured and simulated reflection coefficient for the QHA.

satellite cavity at all time and does not deploy with the antenna
itself. The actual implementation of the feeding network is
presented in Fig. 8(b).

B. Feeding Network for the Conical Log Spiral Antenna
The CLSA is a dual-armed antenna with a differential input

impedance of 200 �. The phase shift between each arm of the
antenna is 180°. In order to properly excite the active region of
this antenna, a balun is required. The balun divides the power
equally among the two arms of the antenna, properly providing
the antenna with the appropriate impedance, and accurately
creating a 180° phase between the two antenna arms. A 50/200
surface mounted device (SMD) balun is used in this setup [27].
The balun is chosen to be operational over the UHF band
from 150 to 650 MHz [27]. A 50-� SMA connector feeds
a planar 50-� microstrip line that is soldered to the input of
the balun. The two output pins of the balun are connected to
two microstrip lines with a characteristic impedance of 100 �
each. The microstrip lines at the output are then connected
to two coaxial cables of the same length and with a 100-�
characteristic impedance each. The coaxial cables are then led
from inside the antenna structure into the apex of the cone
where they feed simultaneously the two arms of the antenna.
Fig. 6 shows the antenna Z-folded and fully deployed while fed
with the coaxial cables and the feeding network. The antenna
is folded while maintaining the feeding network and cables
connected to the top apex of the structure as shown in Fig. 6.

V. MEASUREMENTS, OPERATION, AND RESULTS

A. Performance of the Quadrifilar Helix Antenna

The QHA is measured on top of a square ground plane with
a side of 1.25λ (1.02 m). The antenna’s measured reflection
coefficient presents good agreement with the simulated one, as
shown in Fig. 9. The QHA operates between 352 and 378 MHz
with a center frequency at 365 MHz and 7.12% bandwidth.
The QHA’s measurement setup is shown in Fig. 10(a), and the
gain pattern of the antenna is highlighted in Fig. 10(b). A peak
gain of 8.38 dB is achieved at f = 365 MHz. The antenna is
also circularly polarized with an axial ratio that is below 3 dB
at 365 MHz and throughout the whole radiation beamwidth as
shown in Fig. 11(a). Fig. 11(b) shows the axial ratio across the
complete operational bandwidth of the QHA proving that the
antenna is circularly polarized across the full frequency span.

Fig. 10. (a) QHA’s measurement setup. (b) Gain pattern at 365 MHz for the
XZ and YZ plane cuts.

Fig. 11. (a) Axial ratio of the QHA at 365 MHz. (b) Axial ratio for
θ = φ = 0° throughout the full operational bandwidth.

Structural tests are also executed on the antenna to measure
compaction loads and the resulting deformation as shown
in Fig. 2(c) [17].

B. Performance of the Conical Log Spiral Antenna

The CLSA is designed to operate in the UHF band between
300 and 650 MHz. The antenna is also designed to have a
maximum front lobe radiation out of its apex and a minimum
back lobe radiation. The antenna resorts to a commercial balun
to appropriately feed its structure. The balun’s operational
bandwidth is first measured when the designed feeding net-
work is terminated with 100-� SMD resistors. The operational
bandwidth of the balun is shown in Fig. 12. It is important
to indicate that the antenna is designed to operate between
300 and 650 MHz, while the balun allows operation between
150 and 650 MHz [27]. The intersection between the measured
antenna performance and the measured balun’s bandwidth
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Fig. 12. Comparison between the antenna’s measured reflection coefficient
and the balun operational bandwidth.

of operation is shown in Fig. 12. This plot shows that
the antenna’s measured performance is within the allowable
bandwidth of operation of the balun and thus constitutes a
validation of the built antenna prototype with its feeding
network. The measurement setup for the antenna deployed
from the satellite is shown in Fig. 13(a). The antenna’s gain
pattern at 450 MHz is plotted in Fig. 13(b) where maximum
radiation is directed toward the apex of the cone with a gain
of 5.57 dB. The gain of the CLSA as a function of frequency is
shown in Fig. 13(c) for θ = φ = 0°. Fig. 13(c) shows that the
gain of the antenna remains above 5 dB for the full operational
bandwidth. The axial ratio of the antenna at 450 MHz for the
radiation beamwidth is shown in Fig. 14.

VI. COMPARISON BETWEEN THE QHA AND THE CLSA
A comparison between both types of helical antennas that

are presented in this paper needs to take into consideration
all the important characteristics that such antennas exhibit and
execute a tradeoff analysis between each of them.

1) Bandwidth: Both antennas are designed to operate in the
UHF band of operation; however, the QHA exhibits a
single-frequency operation, while the CLSA is more of a
wideband antenna due to its logarithmic and frequency-
independent structure.

2) Polarization: Both antennas are circularly polarized due
to their helical nature.

3) Radiation Pattern: The QHA has an omnidirectional
pattern; however, the addition of a ground plane that
deploys with the antenna allows its directive behavior
away from the CubeSat. On the other hand, the CLSA’s
radiation pattern is directive away from the satellite
without the need for a deployable ground plane under-
neath its structure.

4) Gain: The QHA exhibits a higher gain than the CLSA
due to its structure composed of four arms. However,
it is important to note that the CLSA exhibits an
almost constant gain value over the entire bandwidth
of operation.

5) Feeding Mechanism: Both antennas require an appropri-
ately designed feeding network. QHA requires a quadra-

Fig. 13. (a) CLSA’s measurement setup. (b) Antenna gain pattern at 450 MHz
in both the XZ and YZ plane cuts. (c) Gain of CLSA versus frequency operation
at θ = φ = 0°.

Fig. 14. Axial ratio of the CLSA at 450 MHz for the beamwidth of radiation.

ture progressive phase shift between its constituent
elements, while the CLSA requires a balun that provides
appropriate impedance matching and power division.

6) Deployment and Folding: The QHA resorts to helical
pantographs for deployment, while the CLSA resorts to
flattening and Z-folding patterns. Both antennas exhibit
high stiffness and natural frequencies away from the
environmental forcing frequencies, which makes them
highly stable while deployed.

It is not possible to indicate which antenna is a better can-
didate for CubeSat deployment. However, the choice of a par-
ticular antenna structure highly depends on the requirements
imposed by the system itself. A single-frequency system with
a higher gain requirement can benefit from a QHA. On the
other hand, a wider frequency operation with a lower gain
enables the adoption of a CLSA structure. Table I summarizes
the comparison between both antenna structures.
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TABLE I

COMPARISON BETWEEN QHA AND CLSA’s CHARACTERISTICS

VII. RELIABILITY, ACCURACY, AND FEASIBILITY

Deployable antennas are required to deploy only once on
orbit and then remain deployed without any change until the
satellite is out of service. In that sense, the reliability of any
deployable antenna can be monitored by its ability to deploy
only once and function appropriately. However, in order to
ensure the validity of our designs, the reliability of deployment
and appropriate functioning are assessed by repeating the
stowing and deployment process of each of the antenna proto-
types for about 50 times. Every repetition of the deployment
and stowing process involves measurement of the antenna’s
radiation performance as well as its structural strength.

The accuracy of fabrication is also verified by measuring the
fabricated dimensions (upper radius, lower radius, and antenna
height) of the prototype after 50 consecutive folding and
deployment repetitions. It is our conclusion that the accuracy
in fabrication for a CLSA that has never been folded is
around 98.4%. After 50 consecutive folding and deployment
repetitions, the accuracy of the fabricated prototype relative to
the design dimensions is comparable at around 97.9%. Similar
results are received for the QHA prototype. Such figures are
matched by the antenna performance characterization and its
agreement with the simulated results.

In terms of feasibility, the fabrication methods used to build
both the CLSA and the QHA are similar to the fabrication of
any composite material. All fiber material and resin deposits
are commercially available, and the process does not require
any nontraditional equipment for composite manufacturing
ensuring that fabrication is feasible.

VIII. CONCLUSION

The design characteristics of two potential antenna struc-
tures to be deployed from CubeSats are discussed in this
paper. Helical antenna types appear to be suitable candidates
for such a deployment. The design and structure of a QHA and
a CLSA are discussed. While both antennas exhibit circular
polarization and a high gain, the QHA requires a deployable
ground plane for radiation redirection.

The CLSA is a wideband antenna that covers the desired
bandwidth, while the QHA restricts its operation to a single
frequency. Both antennas resort to advanced folding mech-
anisms to be able to achieve high packaging ratios during
launch. The feeding mechanism of each antenna type is
discussed, and a comparison is presented between both antenna
candidates.
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