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Abstract—A wideband planar microstrip grid array antenna is
presented. The antenna is realized on a standard Rogers RO3003
substrate. It is fed using two centrally located microstrip vias
through a ground aperture. Measured results show a 12% S11 <-
10 dB bandwidth and a maximum gain of 17 dBi. Using a variable
microstrip line width, a side-lobe suppression of at least -12dB
between 77-85GHz is measured. The antenna can be used in
short and medium range operation for automotive radar.
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I. INTRODUCTION

In recent years, there has been a rise in demand in commer-
cial applications using millimeter-wave frequencies. Millimeter
wavelengths allow a physically smaller antenna design, cou-
pled with an increased absolute frequency bandwidth. Multiple
applications use this frequency range due to these advantages.
Highly directional radio links as well as automotive radar
are examples of such applications. The frequency range 77-
81 GHz has been allocated to short and medium range radar
applications [1]. Automotive radar sensors are being employed
in driver assistance systems where they are used in applications
such as blind spot detection, collision warning, and pedestrian
safety. As these driver assistance systems become ubiquitous
in the middle and low-price automobile segment, the demand
for high performance and low cost radar sensors will increase
significantly.

Antenna performance is an important factor in determining
the overall radar sensor performance. Different antenna con-
cepts have been implemented in millimeter automotive radar
[2]. Microstrip planar antenna concepts provide a cost-effective
option with compact size and low profile for easier vehicle
integration. Conventional microstrip antennas however, such as
the patch antenna, suffer from low impedance bandwidth. This
limits their frequency range of operation. One of the alternative
microstrip antenna concepts is the grid array antenna.

The grid antenna was first reported in literature by Krauss
[3] who introduced it as a backward angle-fire antenna. The
array was fed from one side, resulting in a squinted beam
radiated perpendicular to the plane of the grid. Conti et. al
[4] realized it in microstrip technology. The microstrip grid
array antenna in different configurations has been studied
extensively. Nakano et. al [5] integrated a central feed which
results in a broadside antenna pattern. Recently Zhang et al.

Figure 1: Grid element dimensions and instantaneous current

[6] and Bauer et. al. [7] have implemented the microstrip grid
array antenna for millimeter-waves on low temperature co-fired
ceramics (LTCC) substrates, and standard soft substrate [8].
Depending on the configuration used, these antennas provide
a high maximum gain and wide impedance bandwidth.

This paper presents a microstrip grid array antenna de-
signed on Rogers RO3003 substrate. This configuation of the
grid antenna is a linear array that results in a high gain narrow
beam in the E-Plane and a wide beam in the H-Plane. The
highlight of this paper is an enhanced antenna pattern stability
and side lobe suppression even beyond the intended operating
frequency range of 77-81 GHz. This paper is organized as fol-
lows: Section II describes the design procedure of the antenna
array. First the single grid element is presented, followed by
the array design and feed network design. Section III provides
measurement results. Finally, the conclusion is provided in
Section IV.

II. DESIGN PROCEDURE

The grid array is realized by first designing a single
rectangular grid element on a Rogers RO3003 substrate layer
(h = 0.254mm, ¢, = 3) and then extending the design proce-
dure to the complete array. Afterwards, the feeding method as
well as power distribution network is implemented.



A. Single element design

The radiation properties of a rectangular grid element can
be understood by analyzing the current flow on the microstrip
lines that make up the grid. The single rectangular loop is
shown in Fig. 1, with a length [, = ), and width w, = A, /2.
Here, Aq = Ao/ \/€eff is the substrate wavelength, A\g and e
are the free space wavelength and effective dielectric con-
stant respectively at the design center-frequency of operation
79 GHz. The instantaneous currents in the horizontzal lines of
the loop as well as the connecting lines cause a horizontally (x-
directed) polarized field to radiate, where as the currents in the
vertical lines cause a vertically polarized (y-directed) field to
radiate. The horizontally polarized components combine con-
structively, whereas the vertically polarized components cancel
each other in the broadside direction. Hence a net horizontally
polarized field is radiated in the broadside direction.

B. Array design

The horizontal lines of the rectangular loop in Fig.1 can be
considered as the radiating elements of the grid array. As the
current through these elements is responsible for the radiation,
the widths w, of these lines determine the radiated power from
each element. As suggested in [9] these widths can be taken as
a first approximation for the weights of the antenna elements
in the array. In [10], the normalized currents, which are
inversely proportional to the characteristic impedance of the
radiating line, and hence approximately inversely proportional
to the line width, are used as the antenna element weights.
Hence, a higher current is responsible for increased radiation.
There are, however, limits on the realizable element widths
due to manufacturing constraints and cross-polarized radiated
fields. The lowest possible width of 0.1 mm is dictated by
manufacturing process limitations. For line widths exceeding
0.6 mm, a high cross-polarized radiating field was observed.
Hence the maximum line width of 0.6 mm was considered.

In this work, an array of 10 rectangular loops was designed.
Two-port simulations were carried out in CST [11] with a
terminated element, and the line width w, for each array
element was optimized. To obtain a symmetric weighting on
the array, the element widths were symmetrically chosen.
Furthermore, in order to achieve large weighting coefficients
for the central radiating elements, two via feeds on the central
elements were employed. Each of these feed points is located
at the junction of the connecting line and vertical grid line,
with a transmission line a multiple of \,/2 between them.
Hence, for broadside radiation, the feeds require a 180° phase
difference between them. The grid array antenna, symmetric
about the midpoint of the connecting line cl0, is shown in Fig.
2.

Additionally, the transmission line length connecting the
radiating elements, determined by the length of the rectan-
gular loop /, and the connecting line length cl;, are mainly
responsible for the phase difference between the radiating
elements, but also on the element weighting and hence the
side lobe suppression. These lengths are optimized to obtain
a broadside radiating array with low side lobe levels. A
shorting via with diameter 0.3 mm was also placed at both
ends of the array to improve the impedance bandwidth and
side lobe suppression over the frequency range of operation.

TABLE I: Dimensions of rectangular loops in mm

Rectangular loop lg Wy Wy wy
L1 2.60 | 1.15 | 0.54 | 0.10
L2 250 | 1.15 | 0.40 | 0.10
L3 240 | 1.I5 | 030 | 0.10
L4 230 | 1.I5 | 020 | 0.10
L5 230 | 1.15 | 0.10 | 0.10

TABLE II: Dimensions of connecting lines in mm

Dimensions cl0 cll cl2 cl3 cl4
cly 1.50 1.30 1.30 1.50 1.50
cly 0.30 | 0.30 | 0.30 | 0.30 | 0.30

The optimized geometrical dimensions of the array are listed
in Table I. The lengths of the connecting lines are listed in
Table II.
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Figure 2: Top complete view (a) and left half view (b) of grid array
antenna
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Figure 3: Cross section of antenna at feed-point

C. Feeding network

The vias feed the the antenna structure through a hole in the
ground plane. Initially, a coaxial via approach, similar to that
in [12] is taken to simulate the antenna performance without
the influence of the feeding network. The via diameter dyi,
= 0.12mm and outer conductor diameter dupey = 0.5 mm is
chosen to obtain a coaxial line characteristic impedance of 50
Q, to which the grid array is matched. The feeding network
used was realized on a separate layer of substrate. Here, a 50
) transmission line was fed to a 3dB 180° power divider,
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Figure 4: Feed network

whose outputs were then matched to the via by a smooth
tapering. Due to manufacturing limitations, feed vias with dyj,
= 0.15mm and dypere = 0.6 mm were used in the manufactured
design.

A via fence was also added around the feed vias to
connect the two ground planes. As shown in [13], addition of
fencing vias improves the field transition from the microstrip
to the coaxial feed modes, and reduces parallel plate modes
between the ground planes. Hence, there is a better impedance
matching, as well as less distortion due to radiation from the
substrate edges. A total of 9 fencing vias with diameter dg, =
250 um were placed around each feed via at a distance of 7y,
= 0.36 mm.

The cross section of the final antenna design including
the feed structure is shown in Fig. 3. The top radiating
layer r_layer with metallization thickness of 18 um is on the
substrate layer upper_sub of height 0.254 mm. It is backed by
the two ground layers, which act as the ground plane for the
antenna and the power distribution layer p_layer respectively.
Each copper layer is 18 pm thick, separated by a bonding film
of thickness 100 um. The feeding network is on the p_layer,
which is on top of the substrate layer lower_sub of height
0.127 mm. This makes the total thickness of the antenna,
including the feeding layer about 0.550 mm.

III. MEASUREMENT RESULTS
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Figure 5: Antenna reflection coefficient
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Figure 6: Normalized radiation pattern of antenna in E-Plane (x-z)
and H-Plane (y-z) at (a) 77 GHz (b) 80 GHz and (c) 85 GHz
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Figure 7: Broadside gain of antenna over frequency

The designed antenna was manufactured and measured
to verify the simulation results. For the reflection coefficient
measurements, a standard GSG-probe transition was used. For
the radiation pattern measurement, the waveguide transition
from [14] was used on the power distribution layer. Hence, two
different PCBs were manufactured to measure the reflection
coefficient and the antenna diagram. The reflection coefficient
results are shown in Fig. 5, showing a wideband impedance
matching in the frequency range 73-82 GHz (Reflection coef-
ficient <-10dB) for about 12% impedance bandwidth.

The normalized simulated and measured co-polarized
farfield radiation diagrams at 77 GHz, 80 GHz and 85 GHz are
shown in Fig. 6. It can be seen that the antenna pattern remains
stable over this frequency range. A 3dB gain beamwidth of
10° in the E-Plane and 44° in the H-Plane are measured
respectively at 77 GHz. Hence, the array provides a high gain
narrow beam in the E-Plane, and a wide field of view in the
H-Plane. The lowest side lobe level of -15dB in the E-plane
is achieved at 77 GHz, with the side-lobe level at -12dB at
85 GHz.

Broadside realized gain over frequency is shown in Fig. 7.
The maximum measured gain is 17.2dBi at 79 GHz. For fre-
quencies greater than 80 GHz, a deviation between measured
and simulated realized gain is observed. Possible reasons for
this are the mismatch losses at frequencies above 80 GHz at
the waveguide transition, or at the antenna input. For high-gain
operation, the antenna can be used over a frequency range of
about 4 GHz. Operating ranges of up to 9 GHz are possible
with adequate side lobe suppression in the E-Plane, albeit with
reduced gain.

IV. CONCLUSION

A microstrip grid array antenna, realized on a low profile
Rogers RO3003 substrate was presented. The antenna is fed us-

ing microstrip vias and employs a separate power distribution
layer. Using variable widths of radiating elements, optimum
amplitude tapering across the antenna array is achieved. The
measured results show a wideband impedance bandwidth and
a stable antenna pattern coupled with adequate side lobe

suppression throughout the operating frequency range. Possible
applications of this antenna are the medium and short range
radar from 77 GHz to 81 GHz, with a high gain in elevation
plane, and a wide field of view in the azimuth plane.
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