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A novel high-efficiency compact planar antenna at 433MHz with minimized size and low-cost and easy to integrate into the ISM
wireless applications is designed, fabricated, and measured. Capacitive strips that are formed by cutting inter-digital slots and the
meander lines on both sides are introduced to greatly reduce the antenna size yetmaintain the high efficiency.The proposed antenna
has a simple planar structure and occupies a small area (i.e., 45 × 30mm2). This novel electrically small antenna can be operated
well without any lumped elements for impedance matching. Details of the antenna design and experimental results are presented
and discussed.

1. Introduction

ISM 433MHz frequency band is commonly used for low
data-rate applications, such as remote control engine start
systems, remote keyless entry (RKE) systems, and wireless
sensor network (WSN) [1–4]. The most commonly used
antennas for these wireless applications are of the helical type
because of their small size and good efficiency. However, the
helical antennas are incompetent in their mechanical con-
struction and bulky sizes [5]. Moreover, the helical antennas
can be readily detuned by nearby objects.

The printed-circuit board (PCB) antennas are another
type of commonly used antennas due to their good stability,
low-cost, and easy integration. For the traditional designs,
these kinds of antennas always occupy large PCB areas in
order to operate at ISM 433MHz frequency bands and are
thus hardly to be integrated into the ISM wireless devices
that are compact and small [6]. As the antenna size decreases,
the radiation resistance decreases whereas the quality factor
increases, resulting in low efficiency and narrow bandwidth.
Hence, how to reduce the antenna size yet maintain the
antenna electronic performance is one of the major chal-
lenges.

AmeandermonopolePCB antenna using themetal shield
box was presented in [7], achieving 5MHz bandwidth and
−4.3 dBi gain, with the total size of 82 × 51mm2.This antenna
is, however, still too large to be applicable in the compact
wireless applications, that is, remote keyless entry systems.
A very compact PCB antenna with dimensions of 51 ×
28mm2 including the ground plane was presented in [8].
However, the significant size reduction was achieved at a cost
of significant reduction of the antenna gain to −13 dBi.

In this letter, a novel high-efficiency compact planar
antenna at 433MHz with minimized size and low-cost and
easy to integrate into the ISM wireless applications is intro-
duced.Theproposed antenna consists ofmeander lines, a pair
of capacitive strips that are formed by cutting inter-digital
slots, and the ground plane for the transceiver circuits and the
battery.The total antenna dimensions is 80 × 30mm2 includ-
ing the ground plane and the antenna itself that only occupies
an area of 45 × 30mm2. This electrically small antenna can
be operated well without any lumped elements for good
impedance matching. The proposed antenna can achieve
the 4MHz bandwidth with the 1.2 dBi measured realized
gain at 433MHz. The design considerations and measured
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Figure 1: Configuration of the proposed antenna on a 1.6-mmFR-4 substrate. (a) Top side, (b) bottom side, and (c) photo of the antenna
prototype top side.

performances of the proposed antenna are studied and
presented.

2. Antenna Design

Figure 1 depicts the structure of the proposed planar antenna,
which is fabricated on a low-cost double-layer FR4 substrate
board. The proposed structure consists of the CPW feeding
structure, a pair of coupled capacitive strips, the shorting
structure, a double-layer meander line, and the ground plane
for the transceiver circuits or the battery. The double-layer
meander line with metal width of 1mm and gap width of
2mm is connected to the capacitive strips and runs around
the substrate board through via-holes and finally ends on the
top side of the PCBboard.Thepair of capacitive strips printed
on both sides of FR4 substrate board is formed by cutting
inter-digital slots on both sides. The ground plane is printed
on the front side of the FR4 substrate board. A shorting via
connects the ground plane to the back side of the capacitive
strips. The ground plane, whose dimensions are 34mm in
length and 30mm in width, is printed on a 1.6mm thick FR4
substrate of relative permittivity 4.4 and loss tangent 0.02.The
total area of the proposed antenna is only 45 × 30mm2.

The size of the antenna is very compact. The proposed
design can be readily integrated with the transceiver circuit,
the battery, and the sensor circuit in a small area for the
short-range ISM wireless devices. In the traditional designs,
it is difficult to match the antenna without any lumped
elements. These extra lumped elements used in the matching
circuit would cause additional loss and thus degrade antenna

efficiency. This novel electrically small antenna can be oper-
ated well without using any lumped elements for impedance
matching.

Different from [7, 9], a pair of double-layer coupled
capacitive strips that are formed by cutting inter-digital slots
is introduced to connect between themeander linemonopole
and the ground plane. The capacitive effects of these inter-
digital slots cut on the double-layer coupled capacitive strips
can provide times of capacitances, thus further reducing the
antenna size and also enhancing the impedance matching
in the operation frequency range. The double-layer strips,
the top and bottom strips, are connected through vias. As
shown in Figure 1, the capacitive strips no longer serve as a
part of the ground plane. Instead, they serve as a part of the
monopole antenna. By doing so, one can further enlarge the
matching area and improve the antennamatching and reduce
the resonant frequency.

Note that the capacitive strip at bottom can be reused
for some battery or sensor circuit if the slots at bottom were
removed and only the slots at top were kept. To accommodate
the structures into a small volume, the meander lines, which
are printed on both sides and connected through small vias,
are used in the proposed design. Both the meander lines
and the double-layer capacitive strips play an important role
in determining the center frequency. Thus, the equivalent
circuit of the proposed planar antenna can be modeled as a
series-connected LC resonators as shown in Figure 2. Here
𝑍
𝑠
and 𝑍

𝐿
represent the input source resistance and free-

space loading resistance, respectively. 𝐶short and 𝐿 short are
used tomodel the corresponding capacitance and inductance
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Figure 2: Equivalent circuit model of the proposed antenna.
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Figure 3: Measured and simulated return losses of the proposed
antenna.

by the shorting structure. 𝐶strip represents the corresponding
capacitance by the pair of double-layer coupled capacitive
strips. Different from [7, 9], 𝐶slot introduced in this paper
represents the corresponding capacitance by the inter-digital
slots cut on the coupled strips. 𝐿

𝑚
is to model the inductance

generated by the double-layer meander line. From Figure 2,
the resonant frequency of the proposed antenna can be by
adjusting the shorting structure, the meander lines, and the
double-layer capacitive strips.

3. Experimental Results and Discussions

Figure 3 plots the measured and simulated return losses of
the proposed planar antenna with the dimensions given in
Figure 1. In order to minimize the feed cable’s effect in the
return loss measurement, the coaxial cable connecting the
proposed antenna to the Agilent E5071 Network analyzer is
loaded with ferrite beads. The measured data agree well with
the simulated results from the Ansoft simulation software
HFSS [10] which used the lumped port excitation in the 3D
simulation. The measured center frequency of the proposed
antenna is 433MHz and the measured 2 : 1 VSWR (−10 dB
return loss) bandwidth is 4MHz (431∼435MHz), covering
the ISM 433 operational band. This novel electrically small
antenna can be operated well without lumped elements for
impedance matching as shown in Figure 1.
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Figure 4: Simulated 3D radiation patterns of the proposed antenna
at 433MHz.

Table 1: Comparison of various antennas.

Antenna type Total size (mm2) Measured gain
(dBi)

Helical antenna [5] 35.35 × 8.15 (𝜓) +
Extra Ground −5

Square-spiral antenna [8] 51 × 28 −13

Metal-shielding box
antenna [7] 82 × 51 −4.3

Meander-line antenna [9] 86 × 50 −0.7

Proposed antenna 80 × 30 1.2

The simulated three-dimensional (3D) gain pattern at
433MHz of the fabricated prototype is shown in Figure 4.
The simulated and measured maximum realized gains at
433MHz are 1.5 dBi and 1.2 dBi, respectively, which is in a
good agreement. And the radiation efficiency at 433MHz is
60.8%. The measured gain radiation patterns in the E-plane
and the H-plane at 433MHz are shown in Figure 5 for the
fabricated prototype. At 433MHz, a bidirectional pattern is
achieved in the E-plane (i.e., the XZ plane) whereas a good
omni-directional radiation patterns is observed in the H-
plane (i.e., the YZ plane). The polarization level is larger than
20 dB.

Table 1 compares the measured peak gains of the pro-
posed planar antenna with those of other antennas in the
literature. Compared to [7, 9], the introduced capacitive
effects of these inter-digital slots cut on the double-layer
coupled capacitive strips can provide times of capacitances,
thus further reducing the antenna size and also enhancing
the impedance matching in the operation frequency range.
The double-layer coupled capacitive strips with inter-digital
slots are not only working as the matching element but
also working as a part of the radiating elements. So for a
given similar size, it has more spaces for the other radiating
elements, that is, the meander lines printed on the double
layers. As is illustrated in Table 1, the proposed antenna
achieves the best realized gain and radiation efficiency among
all these antennas in Table 1.
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Figure 5: Measured radiation patterns of the proposed antenna at 433MHz (a) E-plane (i.e, XZ plane) and (b) H-plane (i.e., YZ plane).
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Figure 6: Simulated current distributions of the proposed antenna
at 433MHz.

Figure 6 depicts the simulated surface current distri-
bution at 433MHz. From Figure 6, one can see that large
currents flow in the capacitive strips and the meander lines.
Analysis reveals that the resonant frequency is primarily
determined by the total length of the meander line and the
capacitive strip width𝑊

𝑠
.

The capacitive strips that are formed by cutting inter-
digital slots play an important role in determining the center
frequency and the impedance matching. Figure 7 depicts
the simulated return losses versus the width 𝑊

𝑠
of the

capacitive strip. As shown in Figure 7, one can observe a large
frequency-shifting effect due to different width 𝑊

𝑠
. Hence,

the resonant frequency can be controlled readily andprecisely
by adjusting𝑊

𝑠
.

In order to show the effect of inter-digital slots on the
matching performance, Figure 8 depicts the simulated return

400.0 410.0 420.0 430.0 440.0 450.0 460.0
Frequency (MHz) 

−35

−30

−25

−20

−15

−10

−5

0

Re
tu

rn
 lo

ss
 (d

B)

Width = 21.5 mm
Width = 22.5 mm
Width = 23.5 mm

Figure 7: Simulated return losses of the proposed antenna with
variations of the capacitive strip width𝑊

𝑠
.

losses versus the capacitive strips with and without inter-
digital slots. As shown in Figure 8, one can observe that the
inherent capacitance generated by these inter-digital slots can
greatly improve the impedance matching and also reduce
the resonant frequency as expected. This novel electrically
small antenna can thus be operated well without any lumped
elements for good impedance matching.

4. Conclusion

A new compact planar antenna was introduced for ISM
wireless applications. A prototype of the proposed antenna
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Proposed antenna cut with slots
Proposed antenna Cut without Slots
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Figure 8: Simulated return loss of the proposed antenna cut with
and without slots.

has been successfully designed and fabricated. This novel
antenna has a simple planar structure of a small size, that is, 45
× 30mm2. A pair of coupled capacitive strips that are formed
by cutting inter-digital shots has been introduced to improve
the impedance matching and reduce the resonant frequency.
This novel electrically small antenna can be operated well
without using any lumped elements for impedancematching.
The proposed antenna has a relative small size yet achieves
high realized gain and radiation efficiency, which can be
widely used in remote control engine start systems, remote
keyless entry systems, and wireless sensor network.
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