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A Harmonic Suppression Antenna for an
Active Integrated Antenna

Sewoong Kwon, Byoung Moo Lee, Young Joong Yoon, Woo Young Song, and Jong-Gwan Yook

Abstract—An inset-fed antenna with a shorting pin and slots
is presented for harmonic suppression of an active integrated an-
tenna. Its fundamental resonant frequency is 5.8 GHz. At funda-
mental and harmonic frequencies, return loss and radiation char-
acteristics are measured and compared with those of the conven-
tional microstrip patch antenna. The second and third harmonic
return losses of the proposed antenna are suppressed to 6.7 dB and
17.7 dB with respect to the conventional patch antenna, respec-
tively.

Index Terms—Active integrated antenna, harmonic suppression,
harmonic tuning, microstrip antenna.

I. INTRODUCTION

AN ELECTROMAGNETIC interference is an important
problem of a microwave system. It is caused by harmonic

radiations. Main sources of harmonic signals are nonlinearity
of active components (e.g., amplifier, mixer, oscillator, and
etc.) and the harmonic signals are generally suppressed by
a harmonic suppression filter. In a wireless communication
system, a harmonic suppression filter which lies between an
antenna and a power amplifier is a convenient way to suppress
electromagnetic interference. However, a harmonic suppression
filter is a bulky and expensive component and it is difficult
to be integrated in MMIC circuit. Therefore, a harmonic
suppression filter is difficult to integrate in an active integrated
antenna. To overcome these problems, harmonic suppression
antennas which have a harmonic radiation suppression have
been recently reported [1]–[4].

In this letter, the inset-fed rectangular patch antenna with a
shorting pin and slots for harmonic suppression is proposed.
The proposed antenna suppresses the second and third harmonic
signal like the PBG or H-shaped antenna, but it controls each
harmonic resonance independently. Additionally, it provides the
low cross-polarization level and good harmonic suppression in
a rectangular patch antenna. In experimental results, the return
loss, impedance, and radiation properties are shown and dis-
cussed in the view of the harmonic signal suppression for ac-
tive integrated antenna. All results are compared with results of
a conventional rectangular patch antenna. It will be needed for
high efficiency active integrated antenna system.
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Fig. 1. Geometry of the designed antenna.

II. ANTENNA DESIGN

To suppress the harmonic radiations from an antenna, har-
monic modes which correspond to harmonics of nonlinear mi-
crowave components must not be excited. In the proposed an-
tenna, a shorting pin and slots are used for harmonic suppression
as shown in Fig. 1. On a microstrip antenna, shorting pin or slot
on a patch are used for a dual frequency operation [5]. A shorting
pin on the center line of a patch, can suppress the excitation of
the (2, 0) and (4, 0) modes, and so on. Points along the center line
become positions of current minimum points. Since the shorting
pin makes these points maximum current position, these modes
cannot be excited due to the distorted current distribution. The
cross polarization level can be reduced by symmetrical loading
of the patch [4]. Similarly, a slot-loaded antenna is used for dual
band operation. The (1, 0) and (3, 0) modes are perturbed by
slots near radiating edges. The (3, 0) mode is perturbed more
than the (1, 0) mode. So, the (3, 0) mode is controlled by slots
near radiating edges. The shorting pin on the center line do not
affect the current distribution of the (3, 0) mode.

The resonant frequency of the slot loaded patch is lower than
a conventional one by loaded slots because loaded slots on a
patch make a longer current path. So, the proposed antenna is
designed to have the smaller length than a conventional patch
and maintain a same resonant frequency.

The designed antenna parameters are shown in Table I.
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TABLE I
GEOMETRIC PARAMETERS OF THE DESIGNED ANTENNA

Fig. 2. Return loss comparison between a conventional patch and the proposed
patch.

III. EXPERIMENTAL RESULTS

The substrate for the designed antenna is TLX9-0200 sub-
strate with and height 20 mils. The return loss
of a conventional patch antenna is shown in Fig. 2(a). Its fun-
damental frequency is 5.8 GHz. Its harmonic resonances are
observed on each harmonic frequency. The return loss of the
second harmonic frequency is 8 dB at 11.6 GHz and the re-
turn loss of the third harmonic frequency is 20 dB at 17.4 GHz.

The proposed antenna has the same fundamental frequency.
The proposed antenna is designed to be smaller in length be-

Fig. 3. Impedance property of the proposed patch.

cause loaded slots on the patch make a longer current path. In
contrast, the embedded shorting pin has no effect to a current
path. The resonant frequency is controlled by slot length and
slot width. A slot length and width makes longer current path
and it makes lower resonant frequency. A measured return loss
on the proposed antenna is shown in Fig. 2(b). The return loss
on the second harmonic is 1.3 dB and the return loss on the
third harmonic is 2.3 dB. The suppression of the second and
third harmonic return losses on the proposed antenna obtained
6.7 and 17 dB suppression, respectively.

In Fig. 3(a), harmonic impedances are close to short or open
circuits. Its harmonic resistances are 2 and 8 for second and
third harmonic frequencies in Fig. 3(b), respectively. The short
or open impedances are useful for a high efficiency amplifier
like a class F amplifier as harmonic tuning circuits.

The comparisons of their gains and return losses are summa-
rized in Table II. In the proposed antenna, the gain of the fun-
damental frequency is 7.0 dBi and it is similar to the gain of
the conventional patch. The second harmonic gain is less than

5.5 dBi and 3 dB lower than those of the conventional patch.
The third harmonic gain is less than 4.9 dBi and it is 14.2 dB
lower than those of the conventional patch. Because its effec-
tive area is larger than that at the fundamental frequency, the
gain at the third harmonic is larger than the fundamental but it
suppressed 14.2 dB by the proposed antenna. It is sufficient to
replace the harmonic suppression filter.
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TABLE II
GAIN AND RETURN LOSS COMPARISON BETWEEN THE RECTANGULAR

PATCH AND PROPOSED PATCH

IV. CONCLUSION

In this paper, we propose the shorting pin and slot-loaded
antenna for the second and third harmonic suppression. Addi-
tionally, the antenna can be used for a harmonic tuning load of
a class F amplifier. By perturbing the current distribution on a

patch antenna, the second and third harmonic return losses on
the proposed antenna suppressed 6.7 dB and 17.7 dB with re-
spect to the conventional patch antenna, respectively. The pro-
posed antenna can be a harmonic tuning load and be used for an
active antenna to integrate a high efficiency amplifier.
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