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Abstract. This paper presents a design of a novel double-layer microstrip
antenna, which is feed by coaxial line in back-feed way. The lower-layer element
is used as the drive, meantime the upper-layer element the slave. The antenna is
analyzed by using high frequency electromagnetic simulation software, HFSS,
and fabricated. Good agreement between the simulations and measurements is
observed. Good consistency of the fabricated antennas is achieved.
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1 Introduction

Microstrip antenna is a new type of antenna that appeared in the 1970s. Due to its advan-
tages of small size, low profile, light weight and low cost, it has received more and
more attention. In recent years, it has been widely used in mobile communication, radar,
remote sensing, medical instrumentation and other fields. For a single microstrip patch
unit, there are many options for feeding, such as a microstrip line coplanar with the
antenna, or a stripline and slot coupling structure. However, the degree of freedom of the
feeding position of the microstrip line is not very large; the stripline plus slot coupling
structure requires two additional layers of dielectric substrates to complete. In compar-
ison, the method of direct coaxial line back-feed not only increases the flexibility of the
feeding position, but also avoids the increase in cost caused by the stripline multilayer
dielectric substrate structure. For coaxial back-feed, the upper-layer microstrip patch
unit is often used as the driving patch, and the lower-layer patch is used as the parasitic
patch, which is mainly for the convenience of welding the coaxial inner conductor and
the metal patch. But solder joints will reduce the flatness of the antenna surface. The
standing wave ratio bandwidth of traditional microstrip antennas is generally between
0.7% and 7%, which greatly limits the application of microstrip antennas in broadband
fields. Therefore, increasing the VSWR bandwidth of microstrip antennas has become a
research hotspot. A more typical way to increase the bandwidth is to use a double-layer
microstrip patch unit, so that the antenna has two resonance frequency points. Some of
the existing researches use the upper-layer patch as the driving patch and the lower-layer
patch as the parasitic patch [1]; or although the lower-layer patch is the driver, the multi-
layer dielectric boards are first welded and then overlapped, resulting in a consistent
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performance decrease [2—4], or there is only a simulation model, and no real objects are
processed [5, 6].

In view of this technical defect, this paper adopts the coaxial line back feed method,
and the lower layer patch is the driving patch, that is, the coaxial line is used to excite the
lower layer patch, and the upper layer patch is used as the parasitic patch. Double-layer
patch integrated processing, making welding reserved holes on the upper dielectric sub-
strate. According to this idea, the high-frequency electromagnetic simulation software
HFSS is used to model and simulate, and the real object is processed. The simulation
results show that the bandwidth with a standing wave ratio better than 1.3 is close to
9%. The measured results are basically consistent with the simulation results, and the
processed antennas have good consistency.

2 Antenna Structure Design

The top view of the antenna is shown in Fig. 1, and the overall size is 50 x 35 mm.
A two-layer dielectric substrate is used, the plate is Rogers 5880, the relative dielectric
constant is 2.2, and the thickness of the two-layer dielectric substrate is 2 mm.
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Fig. 1. The top view of the antenna.
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The upper layer patch is 19.55 x 19.55 mm square and is etched on the upper layer
dielectric substrate; the lower layer patch is 19.95 x 19.95 mm square and is etched on
the lower layer dielectric substrate. The upper and lower dielectric substrates are fixed
together by a prepreg. There are 4 reserved holes for screws around. According to the
cavity mode theory, the radiation of the microstrip antenna is generated by the equivalent
magnetic current around the cavity. Therefore, digging a small circle in the middle of the
H surface of the upper patch will not have a significant impact on the antenna radiation.
Therefore, a through hole with a diameter of 3 mm can be opened at the corresponding
feeding position of the upper dielectric substrate and reserved for welding, that is, the
reserved welding hole in Fig. 1. The feeding position is shown in Fig. 1, and the coaxial
inner conductor is soldered to the lower patch. Since the solder joints are in the reserved
holes for soldering, the flatness of the antenna surface is guaranteed.
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3 Simulation and Measured Results

The actual photo is shown in Fig. 2. Figure 3 shows the simulated and measured VSWR.
In Fig. 3, the solid line is the test curve, the dotted line is the simulation curve of the
upper dielectric substrate with through holes, and the dotted line is the simulation curve
of the upper dielectric substrate without through holes.

Fig. 2. Photo of the antenna.
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Fig. 3. Simulation and measured standing wave ratio

As can be seen from Fig. 3, the dashed and dotted lines have similar trends, indicating
that the presence or absence of vias does not affect the antenna too much. There is
an obvious dual-frequency resonance phenomenon in the simulation, as shown by the
dotted line in Fig. 3, the resonance frequency points are f0—100 MHz and f0+150 MHz
respectively, making the working frequency band with a standing wave ratio better than
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1.3 reach close to 9%. However, the measured results show that only the low frequency
point, that is, the resonance of the lower patch is relatively obvious, as shown by the
solid line in Fig. 3. There may be two reasons for the analysis. On the one hand, there is a
certain processing error in the upper patch, and on the other hand, the dielectric constant
of the prepreg is slightly higher than the parameter setting in the simulation, which
eventually causes the high frequency resonance frequency to shift to the low frequency.
Therefore, from the measured results, the two resonant frequency points are too close,
and the effect of broadening the VSWR bandwidth is not obvious.
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Fig. 4. Comparison of measured standing wave ratio

The three curves in Fig. 4 are the standing wave ratio diagrams of the three actual
antennas measured respectively. It can be seen that the antennas designed and processed
by this method have good consistency.
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Fig. 5. Simulation and measurement of E-plane patterns at center frequency
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Figure 5 shows the simulated and measured E-plane patterns at the center frequency.
It can be seen that the simulation results are basically consistent with the measured
results.
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Fig. 6. Measured E-plane patterns in the working frequency band

Figure 6 shows the measured E-plane pattern in the working frequency band. The
energy distribution of the E surface in the frequency band is very stable.
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Fig. 7. Simulation and measurement of E-plane patterns at center frequency

Figure 7 shows the simulated and measured H-plane patterns of the center frequency.
It can be seen that the measured results are roughly consistent with the simulation results,
but in the direction deviating from the zenith +25°, the direction map appears slightly
concave. The reason for the analysis is that the ground boundary condition is set as an
ideal conductive surface during simulation, but in actual processing, a 50 x 35 x 5 mm
hard aluminum block is used as the metal ground. The H-plane diffracts the surface wave
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in a limited way, which in turn causes the pattern to be recessed at a specific angle. The
ground of the E-plane is asymmetric with respect to the antenna, and the ground is larger
in the direction of theta >90°. Therefore, as shown in Fig. 6, the E-plane direction map
is biased towards theta >90°.
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Fig. 8. Measured H-plane patterns in the working frequency band.

Figure 8 shows the measured H-plane pattern in the working frequency band. The
H-plane energy distribution in the frequency band is stable.

4 Conclusion

In this paper, a new type of double-layer microstrip antenna is designed and processed,
which adopts the coaxial back-feeding method. The lower microstrip patch is the driving
patch, and the upper microstrip patch is the parasitic patch. Under the premise of not
affecting the radiation mechanism, the project realizes the direct welding of the lower
microstrip patch and the coaxial joint. The measured results of the standing wave ratio and
the pattern are basically consistent with the simulation results, which further verifies the
feasibility of this new idea. The new double-layer microstrip antenna has the advantages
of low cost and no need to add a multi-layer dielectric substrate for feeding; the surface
has good flatness due to no solder joints; the processing consistency is good, and it is
suitable for use as a phased array antenna unit.
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