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Abstract: In response to the new demands of 4G/5G communication for intelligent connected vehicles, this paper
proposes a design for a wideband high-efficiency transparent glass antenna with surface wave self-cancelling function. The
large size and high dielectric constant of the vehicular glass make it easy for the antenna to excite strong surface waves. A
large number of electromagnetic waves cannot be effectively radiated into free space, resulting in a decrease in antenna radi-

ation efficiency and distortion of the radiation pattern. However, few research works have conducted in-depth studies on the

Wi H 11 :2026-04-28 5 5 H 8:2026-05-25 5 574 2 22 - 2550048
R IR eg



6 SRAASE S « HATHUR TR A S 12 R B I A A B R e o S it 2693

surface wave issue. To address this challenge, this paper conducts an analysis of the radiation characteristics of current with
an odd symmetric distribution. It is discovered that the surface waves excited by this current will cancel each other out in
the opposite direction of the current. Therefore, it can be concluded that the surface wave fields of the current that is continu-
ous and odd-symmetric in the ¢ direction on the large-sized vehicle glass mutually cancel each other out, thereby suppress-
ing the surface waves. Based on this, the electromagnetic field characteristics of the stepped cylindrical glass antenna are an-
alyzed, revealing that the current of the TM,, mode in the stepped cylindrical glass antenna at the interface of the large-sized
vehicular glass presents a continuous and odd-symmetric distribution in the ¢ direction. Therefore, it has surface wave self-
cancelling characteristics, and thus realizes high radiation efficiency in the high dielectric constant large-sized vehicular
glass. In addition, the radiation characteristics of the TM,,, mode of the stepped cylindrical glass antenna are equivalent to
that of a monopole antenna in the vertical horizontal plane, having vertical polarization and horizontal omnidirectional radia-
tion capability. On this basis, a probe-fed stepped glass resonator is adopted to excite only the TM,, mode. According to the
electric field distribution characteristics of the glass antenna, by adjusting the size of the cylindrical glass from bottom to
top, the real part and the imaginary part of the antenna’s input impedance can be simultaneously optimized. The real part of
the input impedance approaches 50 ohms, and the imaginary part approaches zero. On the one hand, the matching perfor-
mance between the probe and the glass antenna has been improved, and as a result, the impedance bandwidth of the antenna
has increased. On the other hand, by reducing the energy trapped in the near field and converting it into far-field radiation,
the absolute value of the average radiation efficiency increases. Using transparent sapphire glass resonators, dielectric sub-
strates and conductive films, a vehicular glass antenna is assembled to complete the light-transmitting design of the antenna.
The transparent stepped glass antenna is applied to the simulated roof glass scenario for simulation and measurement. The
antenna’s frequency band covers 1.56 GHz~4.16 GHz, with a relative bandwidth of 90.9%. The in-band radiation efficiency
is higher than 80%, and the average gain is 3.9 dBi. Meanwhile, the antenna achieves vertical polarization and horizontal
omnidirectional radiation performance, with cross-polarization greater than 15 dB. The radiation pattern, which shows no
ripples or pits, is not disturbed by surface waves, and the antenna has good translucent performance. The experimental re-
sults demonstrate that the antenna can be installed on the large-sized glass of vehicles and has practical application value.
Keywords: wideband; glass antenna; vertical polarization; transparent; surface wave self-cancelling; vehicular antenna
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Figure 1  Antenna schematic diagram
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Table 1  Antenna size parameters unit: mm
28 R ZH NG
DR1 14 DRi 3.6
DR2 30 TZ 17
DR3 50 GR 150
DHI 5 GH 3
DH2 5 GLH 2.1
DH3 9 PVH 0.76
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Figure 2 Schematic diagram of dipole antenna for loading large-sized

vehicle glass
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Figure 3 The electric field distribution map of the dipole antenna on the
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Figure 4 The three-dimensional radiation pattern of the dipole antenna

on large-sized vehicle glass
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Figure 5 Schematic diagram of the surface wave suppression principle
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Figure 6 Schematic diagram of a radial monopole antenna for loading

large-sized vehicle glass
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Figure 7 Comparison diagram of glass surface electric field distribution

of different monopole antennas at 4 GHz
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Figure 8  Cylindrical glass antenna
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Figure 9 The magnetic field distribution of the cylindrical glass
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(b) Diagram showing the distribution of the odd-symmetric equivalent
current at the contact surface between the dielectric and the

large-sized vehicle glass
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Figure 11 The field distribution diagram of the cylindrical glass antenna
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Figure 12 Equivalent current distribution of cylindrical glass antenna
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Figure 13 The electric field distribution map of the cylindrical glass
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Figure 14  The three-dimensional radiation pattern of the cylindrical

glass antenna on large-sized vehicle glass
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Figure 15  Simulation results of cylindrical glass antenna
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(a) The first resonance point
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Figure 16 The density distribution of the electric field inside the

cylindrical glass
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Figure 17 Input impedance curves at different DR1 values
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Figure 18  Input impedance curves at different DR2 values
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Figure 19 The comparison curve of radiation efficiency after reducing

the diameter of the cylindrical glass
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