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Abstract—Pattern reconfigurable antennas can provide dy-
namic radiation coverage, a key for managing the heavy data
traffic associated with 5G communication. Kirigami, a paper
cutting and folding technique, can be applied to the design of
reconfigurable antennas to introduce more flexibility and simple
fabrication. In this paper, a kirigami-inspired reconfigurable
antenna with one omnidirectional and two unidirectional beams
is presented. The proposed antenna is composed of one monopole
antenna, placed at the center of a ground plane, and two foldable
kirigami parabolic reflectors. The parabolic structure enhanced
the peak gain of the proposed antenna by 2.08 dB compared
with its origami-based counterpart with a plane reflector. The
simulated -10 dB reflection coefficient bandwidth is 13.37% for
the omnidirectional mode and 10.23% for the directional mode.

Index Terms—Kirigami antennas, reconfigurable antennas,
radiation pattern reconfigurability.

I. INTRODUCTION

To handle the heavy data traffic associated with 5G com-
munication, it is necessary to develop antennas or antenna
arrays with dynamic radiation coverage. Pattern reconfigurable
antennas provide advantages of adjustable radiation angles and
directional gains, which make them good candidates for this
purpose [1].

The mechanisms for achieving reconfigurable patterns can
be roughly categorized into three groups: electrical changes,
material changes, and mechanical changes [2]. Examples of
the electrical approach are the use of p-i-n diodes [3] or RF
switches [4] to control the location or phases of slots on
the ground plane and steer the beam angles. The variable
permittivity of ferroelectric materials has also been used to
generate reconfigurable radiation patterns [5]. The mechanical
method (e.g., origami) has drawn much attention within the
reconfigurable antenna design field. In [6], an origami conical
spiral antenna can be transformed into a planar dipole antenna.
In [7], a microstrip patch antenna and monopole antenna
became interconvertible using the origami technique. Kirigami,
which is a variation of origami that includes both cutting
and folding of the paper, can provide more design flexibility
compared to conventional origami. However, only a few works
have applied this kind of technique to antenna design to date.

In this paper, we present a kirigami-inspired reconfig-
urable antenna with one omnidirectional and two unidirec-
tional beams. When compared with an origami-based antenna
(reference design), the proposed kirigami structure provides
an improved gain in the x − y plane, exceeding that of
the reference design by 2.08 dB. This is achieved while
maintaining a similar -10 dB reflection coefficient bandwidth
as the reference antenna (13.37% for the omnidirectional mode
and 10.23% for the unidirectional mode). The center frequency
of the proposed antenna is around 3.5 GHz.

II. ANTENNA DESIGN

The proposed kirigami-inspired antenna has three switch-
able patterns (one omni- and two uni-directional patterns)
at 3.5 GHz. A monopole antenna (height = 20.4 mm) is
placed at the center of a rectangular ground (256.8 mm ×
85.6 mm), as shown in Fig. 1(a). This setup provides the
omnidirectional beam. To achieve unidirectionality, the ground
plane can be folded up to act as a plane reflector, as shown in
the origami-based reference design (Fig. 1(b)). To enhance the
directionality of the radiation pattern, two kirigami structures
are employed in this work (Fig. 1(c)). Fig. 1(b) and (c)
illustrate only one of the available unidirectional modes, and
the second unidirectional mode can be created by folding
the opposite side of the ground plane instead. To maximize
the directionality of the proposed antenna, the two foldable
kirigami structures are designed to act as parabolic reflectors
(see Fig. 1(c)). The monopole antenna is placed at the focal
point of the two parabolic reflectors. The focal length (F ) is
21.4 mm and the diameter (D) is 71.4 mm, as shown in Fig.
1(c). The kirigami strip lines have the same width (2 mm) and
various lengths.

Self-folding of the kirigami structures can be achieved using
pre-stressed polymer sheets (also known as Shrinky-Dinks)
which shrink in-plane if heated uniformly [8]. To attain the
desired geometry, black ink can be applied to the valley folds
of the kirigami structures. Fabrication of the proposed antenna
is in progress.
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Fig. 1. The monopole antenna (a) without reflectors, (b) with one origami
plane reflector, and (c) with one kirigami parabolic reflector (S = F =
21.4 mm and D = 71.4 mm).

III. RESULTS

In Fig. 2, the -10 dB reflection coefficient fractional band-
width of the monopole antenna without reflectors (also the
omnidirectional mode of the antennas in Fig. 1(b) and (c))
is 13.37%. The fractional bandwidths of the antennas with an
origami plane reflector and a kirigami parabolic reflector are
12.7% and 10.23%, respectively. The kirigami-based antenna
has a narrower bandwidth and a slight shift in the operating
frequency because the cutting of the ground plane changes
the resonant impedance. These issues could be improved by
optimizing the size and shape of the kirigami reflectors.

The simulated gain patterns of the antennas without reflec-
tors, with one origami plane reflector, and with one kirigami
parabolic reflector are compared in Fig. 3. As expected, the
monopole antenna without reflectors has an omnidirectional
radiation pattern (peak gain = 0.26 dB), while the two
antennas with reflectors are directional. Both the origami- and
the kirigami-based antennas have a single major beam towards
the ϕ = 0◦ direction. The peak gains in the x−y plane of the
origami-based antenna and the kirigami-based antenna are 4.99
dB and 7.07 dB, respectively. The proposed kirigami-based
design shows an advantage in gain (2.08 dB improvement).

IV. CONCLUSION

In this paper, a kirigami-inspired reconfigurable antenna
with one omnidirectional and two unidirectional beams was
presented. The simulated -10 dB reflection coefficient frac-
tional bandwidths of the omnidirectional mode and the uni-
directional mode are 13.37% and 10.23%, respectively. The
peak gain of the unidirectional mode of the proposed kirigami-
based antenna is 7.07 dB, which is 2.08 dB higher than the
origami-based reference design. The design details and the
measurement results will be presented at the symposium.
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Fig. 2. Reflection coefficients of the antennas shown in Fig. 1 (a)-(c).
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Fig. 3. Gain patterns in the x − y plane of the antennas shown in Fig. 1
(a)-(c).
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