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ABSTRACT A compact wideband digital metasurface reflectarray antenna for millimeter-wave application
is presented in this article. The metasurface reflectarray is composed of periodic arrangements of metabit
unit cell elements. The metabit consists of a dipole with end stub loading, exhibiting wideband reflection
characteristics. The metabit is quantized to generate two discrete reflection phase levels, resulting in binary
states of 0 and 1, respectively. The binary bits are distributed over the reflector surface using uniform phase
quantization to achieve a highly directive beam in the desired direction. A digital metasurface reflector
array composed of 20 × 20 metabits is analyzed, fabricated, and characterized. The digital reflector is
illuminated by a Ka-band horn antenna placed at a miniaturized focal point, resulting in compactness with
high gain. The specialized digital coding sequence on the reflector surface results in a highly directive
beam towards 0◦, ±15◦, and ±30◦ operating in the frequency band of 26 GHz - 35 GHz with a maximum
achievable gain of 21.5 dBi. The measured results of the digital metasurface reflectarray antenna depict the
wideband characteristics of having a 3 dB gain bandwidth of 29.5% and a peak aperture efficiency of 30%in
the frequency band of 26 GHz - 35GHz. The proposed digital metasurface reflectarray antenna finds its
application in millimeter-wave communications such as 5G and beyond, satellite, and defense applications.

INDEX TERMS Beam scanning, digital metasurface, high gain millimeter-wave antenna, reflectarray
antenna.

I. INTRODUCTION
The increasing demand for higher data rates, higher data
security, and higher spectral efficiency are the major
requirements of future-generation communication systems.
The millimeter-wave communication/ 5G communication
system such as (28 GHz and 38 GHz frequency band) is
one of the possible solutions. Highly directive and compact
millimeter-wave antennas are required for millimeter-wave
communication to achieve higher values of signal-to-
noise ratio (SNR) [1], [2]. The highly directive mm-wave
antennas can be designed using metasurfaces. A metasur-
face is a two-dimensional planer structure composed of
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sub-wavelength unit cell elements [3], [4]. Electromagnetic
metasurface tailors the constitutive material properties,
such as permittivity and permeability, to achieve various
desired functionalities such as polarization conversion [5],
absorption [6], and holography [7].

With the introduction of generalized Snell’s law, the trans-
mission and reflection characteristics of the electromagnetic
wave can be controlled by manipulating the amplitude and
reflection characteristics [8], [9], [10]. This type of phase and
amplitude manipulation can be easily controlled by quantized
phase distribution on the metasurface, i.e., by using a digital
metasurface.

Digital metasurface manipulates the wavefront of the
electromagnetic field incident on it using binary coding
sequences of ‘0’s and ‘1’s. The binary bits represent
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FIGURE 1. Beam scanning digital metasurafce reflectarray antenna.

the particular discretized phase response [11], [12]. The
digital metasurface simplifies the optimization and design
process using a digital coding sequences to achieve var-
ious functionalities. Each element in the binary sequence
represents a phase interval of 2π /2n [13]. In [14], a 1-bit
digital metasurface reflector element for S-band applications
is proposed. The element having uni-axial symmetry is
integrated with the PIN diode to achieve two-phase levels.
Two parallel metallic patches integrated with a varactor diode
to control the reflection phase on a multilayered structure
is proposed for multi-beam programmable metasurface
antenna at 5.25 GHz [16]. A Ku band digital metasurface
reflector array composed of a simple patch structure with
a pin diode and two substrate layers scans the beams
with a maximum aperture efficiency of 17.9 [17]. The
binary state of ‘0’ and ‘1’ is obtained by changing the
operational state of the pin diode. A multilayered transmit
array antenna based on 1-bit phase quantization is proposed
in [16]. The beams can be scanned from −40◦ to +40◦

at 5 GHz with a maximum achievable gain of 16 dBi. The
active devices PIN/varactor diodes employed in the reported
beam scanning reflectarray/transmitarray antennas requires a
complex biasing network, which increases the cost and the
design complexity. Also, using the PIN diodes at millimeter
waves introduces the extreme insertion loss and the reliability
of the PIN diodes adds more constraints to proper functioning
of the antennas [18]. To address these issues, low cost passive
metasurface reflectarray antennas are presented [19], [20].
A digital metasurface reflectarray antenna using three bit
quantization for x-band applications is presented in [21]. The
RA is composed of two identical substrate layers,stacked by
the bonding layer. Amultilayered digitally codedmetasurface
reflectarray antenna controlling the phase and amplitude
characteristics is discussed in [22]. An isotropic cross fan
shapedmetabits are employed to design a reflectarray antenna
for Ku band applications [23]. The RA antennas discussed,
above however operate over a narrow band. Also, due to the
staking of multiple substrate layers the design complexity
is increased. To over come these limitation several single
layered reflectarray antennas are proposed [24], [25]. A wide
band low cost fully metallic one bit reflectarray antenna for

Ka-band applications is reported in [26]. The RA achieves
a maximum aperture efficiency of 19%. In [27], a 1-bit
wideband high gain reflect array antenna is presented with
a measured gain of 24.2 dBi at 10 GHz frequency. The
antenna achieves a peak aperture efficiency of 20%. Single
layer wide-band reflector array-based 1-bit digital coding
is presented in [28] to scan the beams towards +20◦ and
−15◦ at 33 GHz frequency. The reported antennas due the
low aperture efficiency, has limited applications at millimeter
waves.

This article presents the design of a low profile, wide
band metasurface reflectarray antenna with a high gain
beam steering capability. The MS aperture is composed of
single-layered phase quantized unit cell elements. The binary
phase state of 0 and 1 is obtained by manipulating the
geometrical dimensions of the unit cell. The two states of the
unit cell offer a wideband response from 26 GHz to 35 GHz.
The designed bits are digitally distributed using 1-bit phase
quantization on the reflector surface to achieve a highly
directive beam. The digital metasurface (DMS) reflect array
is spatially excited by a Ka-band horn antenna located at a
miniaturized F/D ratio of 0.5. The digital coding sequence
along the surface is changed to direct the beam along different
directions in the azimuthal plane, while maintaining the
high gain and wideband characteristics. The presented work
is found to be novel in terms of the compactness of the
digital metasurface reflector and reflector array antenna, high
aperture efficiency with wide beam scanning bandwidth and
stable gain response. The wideband characteristics of the
designed DMS reflectarray antenna are applicable in various
5G communications, defense, and space applications.

The complete manuscript is divided into seven sections.
Section II represents the working principle of the metasurface
reflectarray antenna. The unit cell element design and
analysis is discussed in section III. The design approach
of the reflectarray antenna is reported in section IV. The
simulation and experimental performance of the proposed
design in discussed in section V and VI, respectively. Finally,
the conclusion is presented in section VII.

II. REFLECTARRAY ANTENNA WORKING PRINCIPLE
A reflectarray antenna is a combination of a highly directive
reflecting surface and a feeding source antenna. The highly
directive reflector consists of specialized reflection phase
distributed unit cell elements over the surface to steer
the beam in the desired direction, as shown in Fig. 2.
For a metasurface composed of m×n elements, spatially
illuminated by the feeding located at its focal point. The
interaction of the incident electric field with the metasurface
is represented by (1) [29]:

Er (θ, ϕ) =

M∑
m=1

N∑
n=1

Emn(θ, ϕ) · Amne−jϕmn

· 0umn exp [jk0(xm sin θ cosϕ + yn sin θ sinϕ)]

(1)
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FIGURE 2. Digital metasurafce reflectarray antenna.

FIGURE 3. Schematic of the unit cell corresponding to (a) bit-0, and
(b) bit-1. (l = 2.4, l’ = 2.6, g = 0.6, g’ = 2.2, p = 3, and w = 0.18. all
dimensions are in mm).

where Er (θ, ϕ) represent the reflected filed by the metasur-
afce, (θ, ϕ) determines the beam direction along azimuthal
and elevation directions, 0umn represents the reflection
coefficient of the mnth unit cell element. From (1), the
reflectarray antenna design depends on the unit cell element
and feeding source characteristics.

III. UNIT CELL DESIGN AND ANALYSIS
The geometry of the proposed metabit unit cell having a
periodicity of 3 mm x 3 mm is shown in Fig. 3. The
metabit consists of a dipole with end-loaded stubs printed on
the grounded substrate RT-Duriod 5880 with a permittivity
of 2.2 and thickness of 1.5 mm. The unit cell element
is symmetrical along yoz-plane. The reflection phase and
magnitude variation for a vertically polarized incident wave,

FIGURE 4. Unit cell reflection phase response (a) varying the length of
dipole ‘‘l’’, and (b) varying length of end load stub ‘‘g ’’.

FIGURE 5. Reflection phase and amplitude response of metabits.

i.e., along the y-axis, is analyzed by varying the length of the
dipole ‘‘l’’ and the length of the end load stub ‘‘g’’. It can
be observed the reflection phase increases as the length of
the dipole is increased. The same is shown in Fig. 4(a) and
Fig. 4(b), respectively. The optimum value of dipole length
and end load stub are selected to achieve a phase difference
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FIGURE 6. Current distribution of metabit (a) bit-0 top layer, (b) bit-0 the
bottom layer, (c) bit-1 top layer, and (d) bit-1 bottom layer.

of 180◦ for getting two-level phase quantization, resulting
in the 1-bit digital coding scheme on the reflecting surface.
The quantization level one has a reflection amplitude of
−0.02 dB and a reflecting phase value of + 30◦ and level
two has a reflection amplitude of −0.03dB and reflection
phase of −150◦ at 30 GHz, as evident from Fig. 5. The level
one represents metabit-0 and level two represents metabit-1
respectively. The surface current distribution of metabit-0
and metabit-1 at 28 GHz obtained using periodic boundary
conditions is shown in Fig. 6. A closed electric loop formed
between the top and bottom layer due to the high equivalent
inductance, as illustrated in Fig. 6(a). Thereby, the bit-0 acts
as a magnet wall and acts as a magnetic resonator [30].
Similarly, bit-1 acts as an electric wall due to high equivalent
capacitance and the formation of an electric wall and electric
resonator, as shown in Fig. 6(b). Due to the electric and
magnetic response of the metabit-0 and metabit-1, a phase
difference of 180◦ is obtained.
The angular stability performance of metabits for oblique

incidence is shown in Fig. 7. It can be observed, the reflection
phase of both metabit-0 and metabit-1 as demonstrated in
Fig. 7(a) and Fig. 7(b), decreases as the angle of incidence (θ)
is increased from θ = 0◦ to θ = 30◦. However, the
phase difference of 180◦

± 20◦, required for 1-bit phase
quantization, is maintained up to θ = 20◦. The angular
instability beyond the angle of incidence θ = 20◦ is mainly
attributed to the asymmetric geometry of the unit cell.

A. CHARACTERISTIC MODAL ANALYSIS
The characteristic modes are the geometrical parametric
characteristic that provides the radiation and scattering
properties of the resonating structures [31]. Based on the

FIGURE 7. Reflection phase response of metabits by varying angle of
incidence (a) bit-0, and bit-1.

characteristic modal theory, themodes of the unit cell element
are determined by total current distribution on it, which is the
superposition of orthogonal current modes (Jn) and can be
expressed by:

Jt =

∑
n

cnJn (2)

where cn represents the modal coefficient and is represented
by:

cn =
< Jn,Ei >

1 + jλn
(3)

The Ei represents the excitation field and λn is the eigenvalue
that determines the behavior of the significant modes (that
mainly contribute to the far field radiation pattern). The
significant modes for the designed metabit-0 and metabit-1
are obtained in the CST using an eigenmode solver and
are plotted in Fig. 8 (a)-(b). It can be observed both
bit-0 and bit-1 have a modal significance of 2, as the modal
significance value is greater than 0.6 over the operating
frequency range from 26 GHz - 35 GHz. To determine the
phase characteristics of the meta-bits, the eigenvalue plot of
the significant mode (mode-2) is shown in Fig. 8(c). The
metabit-0 has a negative eigenvalue, which represents the
capacitive mode and acts as an electric resonator, thereby
providing a phase state of 0◦ [32]. The positive eigenvalue
of metabit-1, as depicted in Fig. 8, determines the inductive
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FIGURE 8. CMA analysis (a) bit-0, (b) bit-1, and (c) eigenvalue of metabits.

mode acts as a magnetic resonator and provides the state
of 180◦.

B. EQUIVALENT CIRCUIT ANALYSIS OF METABITS
The metabits characteristics are future validated by using
circuit equivalent circuit model analysis. The equivalent
circuit model for metabit-0 and metabit-1, as shown in
Fig. 9, are obtained using the methodology discussed in [20].
The circuit element Loi’ and ‘Co represent the equivalent
inductance and capacitance of bit-0 along the y-direction. The
current distribution analysis of bit-0 as shown in Fig.6 (a).
The equivalent inductance Lo is formed due to the current
loop between the top and bottom layer. The capacitance ‘Co’
arises due to the top metallic and bottom metallic layer.
Similarly, from the current distribution of bit-1, as shown in
Fig. 6 (b) the equivalent inductance L1 is formed due to the
stub load of width ‘w’ across the dipole and the capacitance

FIGURE 9. Normalized electric field (Ez ) with second-order CPML
boundary condition

(
d = 10

)
for: (a) the conventional HIE-FDTD at

S = 3.67 and (b) the leapfrog HIE-FDTD at S = 5.19.

‘C1 ’ is due to the split gap ‘g’. The two stubs across the dipole
and the splits gaps form a parallel combination of L1 and
‘C1 as shown in Fig. 9(b). The ‘Zd ’ in the equivalent circuit
represents the transmission line characteristic impedance of
the substrate and can be calculated using (1). The equivalent
values of inductance ‘L’ and capacitance ‘C’ are calculated
using (5) and (6) [20]:

Zd =
Zo

√
εr

(4)

L =
µoWx

2π
ln

((
sin

πWx

2Py

)−1
)

(5)

C =
2εoεeffWx

π
ln

((
sin

πWx

2Py

)−1
)

(6)

where Zo represents the free space impedance, ϵr is the
relative permittivity of the substrate, ϵo, µois the free space
permeability and permittivity. Px represents the periodicity
of the unit cell and Wx represent the thickness of the
metallic strip. The (ϵr =

√
(ε + 1)/2 denotes the effective

permittivity of the substrate. The reflection phase and
amplitude characteristics are obtained by calculating the
reflection coefficient (γ ) using:

0 =
A+

B
Zo

− C − Zo − D

A+
B
Zo

+ CZo + D
(7)
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FIGURE 10. Equivalent circuit model comparison with CST (a) amplitude
response, and (b) phase response.

where the values of A,B,C and D are calculatd using the
matrix:

[
A B
C D

]
=

 cos θ1 jZd sin θ1
cos θd

Z0/1
+ i

sin θ7

Zd
cos θ1 + j

Zd
Z0/1

sin θ1


(8)

where Z0/1 represents the impedance of unit cell element
(bit-0, bit-1),θ1 represents the electrical length.

Using (5) - (7), the initial equivalent circuit elements
are obtained and are optimized in the Keysight Advance
Design System simulator. The EM simulation response
obtained in CST using full-wave simulations is compared
with an equivalent circuit model simulation obtained in
ADS in Fig. 9. The reflection amplitude and phase response
obtained in EM simulation is in well agreement with
the reflection amplitude obtained in circuit simulation,
validating the equivalent circuit design of the bit-0 and bit-1,
respectively.

FIGURE 11. Feed pattern function modeling by varying (q).

FIGURE 12. Illumination and spillover efficiency variation by changing
the f/D ratio.

IV. DESIGN OF DIGITAL METASURAFCE REFLECTARRAY
The design of the RA antenna to form a highly collimated
beam along the broadside direction requires phase compen-
sation, such that the path delay due to the feeding source is
compensated. According to Fermat’s path length equality for
incoming radiation, the phase compensation can be obtained
by [21]:

ϕc = k0
(∣∣−→r mn −

−→r f
∣∣− −→r mn · û

)
+ 1ϕ (9)

where ko is the free space constant, −→r mn represents the
position vector of the mnth unit cell element, û determines
the beam direction and −→r f is the position vector of the
feeding source. Form (1),(8), the phase distribution and the
performance of themetasurface RA depends upon the feeding
source and its position.

A. FEEDING SOURCE LOCATION
A digital metasurface reflectarray antenna of dimensions
45mm × 45 mm is considered in our case. The metasurface
reflectarray is spatially fed by wideband horn antenna
positioned at its focal point. The location of the feeding
source is determined by considering the illumination and
spillover (ηs) efficiency(ηi) using (10)-(11) [35]:

ηs =
2q+ 1
2π

∫∫
H
r3s

cos2qθf ds (10)

ηi =
1
S

∣∣∫∫ I (s)ds∣∣2∫∫
|I (s)|2 ds

(11)
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FIGURE 13. Phase distribution (a) continuous, and (b) one-bit.

where I(s) = cos2qθf cos2qθf /rs represents the amplitude
of the electric field illuminating the metasurface aperture,
‘q’ represents the feed pattern parameter, which can be
determined by modeling the cos 2q function. The feeding
source horn antenna adopted has a 3 dB beam width of 52◦

for which the cos 2q function plot is determined as shown in
Fig. 11. The value of ‘q’ according to Fig. 11, turns out be 3.1.
Substituting the value of ‘q’ in (6)-(7), the plot of ηs and ηi
with varying focal to diameter (f/D) ratio is shown in Fig. 12.
It can be observed the illumination efficiency increase as the
f/D ratio increases while the spill over efficiency decreases.
An optimum f/D = 0.5 is chosen as the where the product of
ηi and ηs is maximum.

B. SPATIAL PHASE DISTRIBUTION
After obtaining the location of the feeding source, the
phase distribution of the digital metasurface reflectarray
antenna using (6) is calculated and plotted in Matlab as
shown in Fig. 13. Instead of using a continuous phase
distribution, which requires a large number of unit cell
elements to cover the entire reflection phase range from 0◦

to 360◦, the complete continuous phase distribution profile
is discretized by using two different phase levels having a
phase difference of 180◦. The two-level phase discretization
is used to reduce the complexity of design and the cost of the
reflectarray, as increasing the discretization levels requires
more number of phase values, thereby to obtain these phase
values more substrate layers are needed [40]. The phase range
is discretized according to equation (12).

8mn =

{
0◦, 0 ≤ 8e < 180◦

180◦, 180◦
≤ 8e < 360◦.

(12)

The discretized 0◦ phase corresponds to bit-0 and 1800◦

phase level corresponds to bit-1. The distribution of metabits
along the reflector surface is shown in Fig. 13 (b)
To achieve beam steering in a particular direction, a

specialized phase distribution profile over the reflecting
surface is needed. The beam scanning reflecting surface
consists of phase compensating elements to direct the beam
along the desired directions. The digital metasurface uses
binary elements to steer the beam along azimuthal and
elevation directions. The direction of the beam can be

FIGURE 14. Digital distributions of bit-0 and bit-1 to scan beam along
(a) θ = 15◦, θ = 15◦, (b) θ = −15◦, (c) θ = 30◦◦, and (d) θ = −30◦.

FIGURE 15. DMS reflectarray antenna schematics.

determined by (13):

ϕS (x, y) =
2π
λ

[√
(x − xf )2 + (y− yf )2 + z2f

− (x cos θb cosϕb + y cos θb sinϕb)
]

(13)

where ‘ϕ(x, y))’ is the phase required by the element at
(x, y) position, ‘θ’ and ‘ϕ’ are the intended beam directions
along azimuthal and elevation plane and xf , yf , zf represents
the location of the feed along the x, y, and z -axis. The
phase distribution required to steer the beam along ±15◦

and ±30 obtained from (13) is discretized using 1-bit phase
quantization and depicted in Fig. 14.

V. SIMULATION ANALYSIS OF DIGITAL METASURFACE
REFLECTARRAY ANTENNA
The digital metasurface reflectarray is designed using the
metabits discussed in section II, distributed. The horn antenna
is integrated with the metasurface reflector array as shown
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FIGURE 16. Farfield radiation pattern (a) beam along (a) θ = 0◦,
(b) θ = 15◦, and (c) θ = 30◦.

FIGURE 17. Fabricated DMS reflectarray prototype’s (a) DMS-I, (b) DMS-II,
(c) DMS-III, and (d) measurement setup.

in Fig. 15. The DMSR array antenna is simulated in
electromagnetic solver CST using open boundary conditions.
A highly directive beam is obtained along a broadside
direction with a maximum gain of 21.1 dB, as shown
in Fig. 16(a). To achieve beam steering from the DMS
reflector antenna, the beam steering DMS reflector are
mechanically replaced, maintaining an f/D ratio of 0.5 and
central illumination. The beam steering simulated far-field
response of the DMS reflector is shown in Fig. 16 (b)-(c).
It can be observed a highly directive beams are steered along
θ = ± 15◦ and θ = ± 15◦ respectively.

VI. EXPERIMENTAL VALIDATION
A. FABRICATION
The designed metasurface reflectarray is fabricated using
standard photolithography technique on RT-Duriod 5880
substrate of thickness 1.5 mm. The fabricated DMS reflector
for broadside high gain (DMS-I), θ = ± 15◦ (DMS-II), and
θ = ± 15◦ (DMS-III) steered high gain are shown in
Fig. 17 (a), (b) and (c), respectively. Finally, the prototype
of the DMS reflector array antenna is designed by placing

FIGURE 18. Simulated and measured far-field radiation pattern of DMS-I,
DMS-II, and DMS-III at (a) 26 GHz, (b) 30 GHz, and (c) 35 GHz.

the Pasternack PE 9850/2F-10 Ka-band horn ( gain 10 dB
at 30 GHz) acting as a microwave source over the DMS
reflector at the optimized focal distance of 30 mm, providing
center feed illumination. A 3D-printed fixture support
assembly is used to provide the necessary support to the
source antenna and detachable support to the DMS reflector,
as shown in Fig. 17(d).

B. MEASURED RESULTS AND DISCUSSION
The fabricated prototype DMS reflectarray antenna is exper-
imentally characterized using a wide band Agilent vector
analyzer N5224B PNA and an anechoic chamber for antenna
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FIGURE 19. Simulated and measured gain of DMS reflectarray antenna.

radiation pattern characteristics. To validate the wideband
beam steering performance of DMS reflectarray antenna
prototypes, the simulated and measured E-plane far field
radiation pattern is plotted at three frequencies (26 GHz,
28 GHz and 35 GHz) respectively as shown in Fig. 18.
A highly directive beams are obtained along θ = 0◦, θ =

±15◦ and ±30◦ in the azimuthal plane with a maximum 3 dB
beam width of 8◦, 8.5◦ and 9◦, respectively corresponding to
DMS-I, DMS-I and DMS-III. The measured sidelobe levels
are below - 12 dB over the entire operating frequency band.
A stable radiation pattern characteristic can be observed over
the wide band of frequency range from 26GHz - 35 GHz. The
simulated and measured gain response of DMS-I, DMS-II,
and DMS-III reflector array antenna is plotted in Fig. 19.
A maximum measured beam gain of 21.3 dB, and 20.8 dB
is obtained along broadside, 15◦ and 30◦ direction. The
maximum aperture efficiency of 30% is obtained results,
corresponding to DMS-III, reflector array antenna a slight
mismatch is observed, which is mainly due to fabrication
imperfection. It can be observed from Fig. 19, a stable gain
is observed over the frequency range of 26 GHz to 35 GHz.
A 3 dB gain bandwidth of 29.5% is obtained in case of
DMS-I. Overall, the measured results are in close agreement
with the simulated ones. A beam steering loss of 1 dB is
observed in case of the DMS-III, which is mainly due to 1-bit
phase quantization and can be further reduced by employing
the higher bit phase quantization.

The performance of the proposed metasurface reflectarray
antenna is compared with similar other works, as presented in
Table 1. The proposed design has low f/D and aperture size,
making it highly compact as compared to [31], [32], [33],
[34], [37], [38], and [39]. A wideband 3-dB gain operating
bandwidth with higher aperture efficiency is obtained in
comparison to [11], [26], [28], [33], [34], [36], [37], [38],
[39], and [40]. In comparison to [11], [28], [33], [34], [36],
[37], [38], and [39], the proposed design reduces the design
is designed on a single substrate layer, which thereby reduces
complexity and fabrication cost. It can be concluded the

TABLE 1. Comparison of presented work with similar other works.

presented work is novel in terms of compactness, higher
aperture efficiency, and achieving a wideband stable gain
characteristic.

VII. CONCLUSION
A compact wideband high gain beam steering digital
metasurface reflector array antenna for millimeter-wave
applications is demonstrated in this article. The proposed
digital bit unit cell element has a reflection amplitude of near
0 dB and a phase difference of nearly 180◦ over the frequency
range of 26 GHz to 35 GHz. The magnetic and electrical
field resonances of the unit cell are manipulated to control
the reflection phase response of the vertically polarized
electromagnetic wave incidenting on it. Using the proposed
digital metabits, prototypes of aperture size 60 mm × 60 mm
are designed to steer the beam along broadside, θ = ±15◦

and θ = ±30◦ beam directions. The f/D ratio of 0.5 makes
the proposed design highly compact. The performance of the
designed DMS reflectarray antenna demonstrates wideband
independent gain enhancement and beam steering ability with
stable gain characteristics. The DMS reflectarray antenna
achieves a maximum gain of 20.6 dBi, 21.7 dBi, and 20.6 dBi
in the direction of θ = 0◦, θ = 15◦ and θ = 30◦respectively,
over the operating frequency band of 26 GHz to 35 GHz. The
wideband band characteristics and high gain properties of the
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designed digital metasurface reflectarray antenna can be used
in 5G millimeter-wave and satellite communications.
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