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Abstract—A wideband endfire array considering the glass
influence at 28 GHz is proposed in this paper. The array element
is a bow-tie slot antenna above a ground plane, which has the
endfire radiation pattern. A glass layer, which has the same size
as the ground plane, is attached on the front side of the array.
A trapezoid slot is made on the edge of the ground plane to
compensate the influence of the glass layer. The simulated -10-
dB bandwidth is 11.3% from 25 GHz to 28 GHz and -6-dB
bandwidth is 30.3% from 21 GHz to 28.5 GHz. The horizontal
polarized endfire gain of the 4 element array ranges from 7.08
dBi to 8.36 dBi over the operating band. The array covers from
−100◦ to 100◦, when the realized gain is above 0 dBi on the
XOY plane.
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I. INTRODUCTION

Since the 5G band has been applied between 20 GHz to
40 GHz, the design of the 5G antennas in the handset devices
becomes a hot research topic. To compensate the high path
loss of mm-wave (millimeter wave) and at the same time
maintain a good spacial coverage, phased arrays become one
of the best candidates [1], [2]. Moreover, endfire arrays are
preferred because they can provide higher spacial coverage
than the arrays with broadside radiation patterns [3], [4]. In
[5] has presented a endfire dipole array with wide scan angle
from 25 GHz to 33 GHz. However, in the mm-wave band,
the other components in the mobile devices have significant
influence on the antenna performance, which should also
be considered in the antenna design. Many researches focus
on the influence of the metal bezels or the low frequency
antennas. In [6] has presented endfire arrays with metallic
casing. In [7] has introduced an endfire array with the blocking
of the metallic casing, which also works as a low frequency
antenna. However, there is not much researches investigating
the influence of the screen glass. An on-glass antenna for
handsets is presented in [8] at 1.575 GHz and 2.45 GHz. At
mm-wave band, the glass is expected to have higher influence
to the antennas.

Therefore, to investigate the glass effect on the mm-wave
antenna, this paper proposes an array with wideband and
endfire radiation patterns for 5G handsets, which is compatible
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Fig. 1: The configuration of the proposed array element.

TABLE I: The dimensions of the proposed array element.
(Units: mm)

s1 d1 l1 l2 l3

0.1 1.4 3.8 4 4.8

l4 w1 w2 w3 wg

1.3 2 1.4 1.3 5.1

with the glass screen. The paper is organized as follows:
Section II introduces the array element design, the glass
influences on the radiation patterns with different polarization,
the glass influence on the impedance matching, and the effect
of the metallic wall; Section III presents the simulations of the
4-element array; And the paper is concluded in Section IV.

II. ARRAY ELEMENT DESIGN AND ANALYSIS

A. Array Element Simulation Results

The array element configuration is shown in Fig1. The
antenna structure is printed on a PCB with thickness 0.508
mm. The substrate is Rogers RO4350B with εr = 3.66 and
tanδ = 0.0037. The front side of this PCB is attached with
a glass layer, which has the thickness of 0.5 mm. Both sides
of the PCB is covered by copper. A bow-tie shaped slot is
etched on the front side, which generates the endfire horizontal
polarized radiation. The trapezoid slot on the back side of the
PCB is for adjusting the beam direction, which is affected
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Fig. 2: The simulation results of the array element. (a) S11,
(b) The radiation patterns at 26 GHz.

by the glass. The clearance on the back side equals to the
height of the trapezoid slot, which is 1.3 mm. The antenna
is surrounded by a metallic wall, which constructs a cavity
behind the antenna. The bottom of this wall has a ellipse shape.
The minor axis of the ellipse equals to the distance between
the two side walls. The antenna is fed by one of the metallic
vias next to the slot. The impedance matching is affected by
the value of the major axis of the ellipse due to the different
reflection from the cavity. All the dimensions are listed in
Table.I.

The array element is simulated firstly on a small ground
plane, where the size is 15 mm × 12 mm. The simulation
results are shown in Fig.2. Fig.2a is the reflection coefficients
and Fig.2b is the radiation patterns of the co-polarization and
the cross-polarization at 26 GHz. The simulated realized gain
is 3.2 dBi. The backward radiation (+x direction) looks high
in Fig.2b because the ground plane size is too small. On the
other hand, the wide beamwidth is an advantage because the
spatial coverage will also be high, as a result.

B. The Glass Influence on the Radiation Patterns with Differ-
ent Polarization

For low frequency antennas, the effect of the glass is not
significant because the thickness of the glass is very small
comparing with the wavelength. However, in mm-wave band,
the thickness of the glass is becoming comparable with the
wavelength, which brings some effects on the antennas: the
loss when microwave penetrates the glass; the blocking to the
radiation patterns; the propagating surface wave on the glass;
and the changing of impedance matching. First of all, we will
focus on the surface wave.

The surface wave becomes stronger when the screen size
becomes bigger, which, as a result, will distort the radiation
patterns. However, intensity of the surface wave is related
to the antenna polarization. The proposed array element is a
horizontally polarized antenna, so another vertically polarized
antenna is made for comparison. In Fig.3a, a monopole an-
tenna with a reflector is made as a endfire vertically polarized
antenna. Both the proposed antenna and the monopole antenna
are simulated at 28 GHz on a big ground plane with or
without the glass. The size of the ground plane and the glass
is 110 mm× 60 mm . Fig.3b shows the vertically polarized
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Fig. 3: The glass influence on the antennas with different po-
larization. (a) The simulation model of the monopole antenna,
(b) Vertically polarized antenna without glass, (c) Vertically
polarized antenna with glass, (d) Horizontally polarized an-
tenna without glass, (e) Horizontally polarized antenna with
glass.

radiation pattern of the monopole antenna without glass and
Fig.3d shows the horizontally polarized radiation pattern of
the proposed antenna without glass. Both radiation patterns are
endfire. The gain of the vertical antenna is higher due to better
impedance matching. The ripples are caused by the surface
wave propagating on y-axis direction, which will be canceled
out between the array elements. Fig.3c shows radiation pattern
of the monopole antenna with glass. Because of strong surface
current stimulated on the glass, more ripples are observed
and the radiation pattern tilted to +x direction. However, the
radiation pattern of the proposed antenna with glass, as shown
in Fig.3e, does not change too much comparing with Fig.3d.
Because the vertically polarized antenna will stimulate much
higher surface wave than the horizontal polarized antenna
and the surface wave will be enhanced by the glass, the
horizontal polarized antenna is less influenced and will be
more compatible with the glass.

C. The Glass Influence on Impedance Matching

The glass has significant influence on the impedance match-
ing of the antenna. Therefore, if the antenna is designed
without considering glass, the impedance matching will be
much different in the real scenario. On the other hand, the
glass influence can be considered in the antenna design and
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Fig. 4: The glass influence on impedance matching. (a)
Impedance, (b) S11.
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Fig. 5: The effect of the metallic wall. (a) The radiation pattern
without the metallic wall, (b) The S11 with different value of
l3.

good impedance matching is reached with the glass. Fig.4a
is showing the simulated impedance of the proposed antenna
with or without the glass. When the antenna is not attached on
the glass, the resonant frequency is about 21 GHz and the real
part of the impedance is high. When the antenna is attached
with the glass, the real part of the impedance decreases and
two close resonances are observed at about 25 GHz and 27
GHz, which also increase the bandwidth. Fig.4b shows the S11

of the proposed antenna with and without glass. The -10-dB
bandwidth is from 24 GHz to 28 GHz and the S11 from 21
GHz to 24 GHz is still lower than -6 dB.

D. The Effect of the Metallic Wall

The metallic wall surrounding the antenna can effectively
stop the surface current propagating in the substrate of the
PCB, and as a consequence, reduce the unwanted radiation
from the surface wave. Fig.5a shows the radiation patterns of
the proposed antenna without the metallic wall. Comparing
with Fig.3e, the radiation pattern in Fig.5a has lower endfire
gain and more ripples. The shape of the metallic wall also
affect the impedance matching. Fig.5b shows the impedance
matching of the proposed antenna with different value of
the major axis (l3) of the ellipse increases. The operating
frequency decreases as l3 increasing. In practice, the metallic
wall can be replaced by a group of metallic vias.

III. THE SIMULATIONS OF THE 4-ELEMENT ARRAY

The configuration of the 4-element array is shown in Fig.6.
The element distance is 5.1 mm, which is half wavelength
of 28 GHz. The clearance on the back is 1.3 mm. Fig.7
presents the reflection coefficients and the mutual coupling of
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Fig. 6: The configuration of the 4-element array.
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Fig. 7: The simulated S-parameters of the first and second
array elements.

the first and the second array elements. The -10-dB bandwidth
is 11.3% from 25 GHz to 28 GHz and the -6-dB bandwidth
is 30.3% from 21 GHz to 28.5 GHz. The mutual coupling is
lower than -10 dB in the whole operating band. Fig.8 shows the
co-polarization and cross-polarization radiation patterns of the
second array element from 25 GHz to 28 GHz. The realized
gain of the horizontal polarization is ranging from 1.45 dBi
to 2.56 dBi. Fig.9 shows the beam scanning patterns on the
XOY plane at 27 GHz. The realized gain ranges from 7.08
dBi to 8.36 dBi. The array has a wide coverage from −100◦

to 100◦, when the realized gain is above 0 dBi.

IV. CONCLUSION

This paper proposes a wideband endfire on-glass array for
5G handsets. The -10-dB bandwidth is 11.3% from 25 GHz
to 28 GHz and the -6-dB bandwidth is 30.3% from 21 GHz
to 28.5 GHz. The realized gain ranges from 7.08 dBi to 8.36
dBi at 27 GHz. The glass influences on the radiation patterns
and the impedance matching are discussed. The simulations
show good performance of the proposed array.
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Fig. 8: The simulated radiation patterns of the second array
element. (a) 25 GHz, (b) 26 GHz, (c) 27 GHz, (d) 28 GHz.
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