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Abstract

In this paper, a planar printed hybrid short/open-ended slot antenna with capacitive coupling feed strips is proposed for hepta-band mo-

bile applications. The proposed antenna is comprised of a slotted ground plane on the top plane and two capacitive coupling feed strips

with a chip inductor on the bottom plane. At the low frequency band, the short-ended long slot fed by strip 1 generates its half-

wavelength resonance mode, whereas the T-shaped open ended slot fed by strip 2 generates its quarter-wavelength resonance mode for
the high frequency band. The antenna provides a wide bandwidth covering GSM850/GSM900/DCS/PCS/UMTS/LTE2300/
LTE2500 operation bands. Moreover, the antenna occupies a small volume of 15 mm X 50 mm X 1 mm. The operating principle of the

proposed antenna and the simulation/measurement results are presented and discussed.
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[. INTRODUCTION

With the rapid development of mobile communication tech-
nology and diversified demand of mobile users, multi-band an-
tennas become essential for mobile communication systems [1].
In some mobile applications, it is desirable to integrate hepta-
band systems, such as GSM850/GSM900 bands in the lower
band and DCS/PCS/UMTS/LTE2300/LTE2500 bands in
the upper band, into a single mobile device. However, it is a big
challenge for a single mobile device to accommodate a hepta-
band antenna due to the space limitation of the printed circuit
board (PCB). For this reason, a mobile antenna should be de-
signed in low profile planar structure and in compact size with-
out deteriorating the performance. Slot antenna, with the ad-
vantages of low-profile, simple structure, and easy integration

0
with other devices, is a good candidate for the design of multi-
band antennas [2, 3]. However, the slot antenna has difficulty
covering the low-frequency bands by a single resonance [4]. To
overcome this problem, various researches using multi-reso-
nance at the lower frequency band have been studied [5-9]. In
these studies, multi-resonance characteristic was achieved by
using capacitive coupling feed. However, these antennas have
narrow bandwidth at high-frequency bands.

In this paper, we propose a compact slot antenna covering
GSMS850 (824-894 MHz), GSM900 (880-960 MHz), DCS
(1,710-1,880 MHz), PCS (1,850-1,990 MHz), UMTS (1,920
-2,170 MHz), LTE2300 (2,305-2,400 MHz), and LTE2500
(2,500-2,690 MHz) bands. The proposed antenna consists of
two capacitive coupling feed strips, a chip inductor, a short-

ended slot, and an inverted T-shaped open-ended slot. The
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proposed antenna is simulated by ANSYS High-Frequency
Structure Simulator (HFSS; ANSYS Inc., Canonsburg, PA,
USA).

II. ANTENNA DESIGN

The configuration of the proposed antenna for hepta-band
mobile application is shown in Fig. 1. The antenna is designed
on a FR-4 (g,=4.4, tan§=0.02) substrate with a thickness of 1
mm. The dimension of FR-4 substrates is 50 mm X 115 mm
X 1 mm, and the antenna with a dimension of 15 mm X 50
mm X 1 mm is located at the upper side of the substrate. The
short-ended slot forms a loop along the edge of the antenna and
the T-shaped slot is placed at the upper edge of the ground
plane. Coupling feed strip is comprised of strip 1 and strip 2.
The chip inductor is connected in series with the strip 1 and
strip 2. The short-ended slot and T-shaped slot, are excited by
strip 1 and strip 2, respectively. By electromagnetic coupling
between the short-ended slot and strip 1, dual resonances are
generated to cover GSM850/900 bands. A wideband characte-
ristic at the high-frequency band is achieved by the combination
of the harmonic resonance of the short-ended slot and the reso-
nances due to the T-shaped slot and the strip 2. Table 1 shows

L4

€

3« | €
=

w2

short-ended slot

L1 \ Feed point

Unit: mm

A

>

w1
Fig. 1. The geometry of the proposed antenna.

Table 1. Design parameters of the proposed antenna

Parameter Value Parameter Value
L 115 mm W 50 mm
L 13.5 mm W, 1.5 mm
Ls 15 mm Ws 2 mm
” 36.5 mm W 2 mm
Ls 12 mm L, 22 nH
Ls 13 mm - -

(b)

Fig. 2. Prototyped antenna: (a) top view and (b) bottom view.

the design parameters of the proposed antenna and the fabrica-
ted antenna is shown in Fig. 2. Fig. 2(a) shows the slots of the
ground plane and the feed cable and Fig. 2(b) shows the strips
and chip inductor.

III. ANTENNA ANALYSIS

Fig. 1 shows the various design parameters mostly affecting
the antenna performances. In order to analyze and verify the
operation principle of the proposed antenna, the parametric
study has been conducted.

Fig. 3(a) shows the simulated reflection coefficient when the
length of the top slot (Z4) varies from 34.5 mm to 38.5 mm. It
can be seen that as the length of L4 increases the whole frequen-
cy band is shifted to the lower frequency side. In particular, L4
largely affects the reflection coefficient characteristics at
GSM900, DCS and LTE bands. These frequencies correspond
to the half-wave resonance of the short-ended slot and its se-
cond and third harmonic resonances, respectively. The optimal
length of L4 is chosen as 36.5 mm. Fig. 3(b) shows the simulat-
ed reflection coefficient when the length of the T-shaped slot
(Ls) changes from 11.5 mm to 12.5 mm. It is observed that the
upper frequency band is shifted to lower frequency as the length
of Ls increases. In particular, Ls largely affects the performance
at GSM900, UMTS, LTE bands. The optimal length of Ls,
satisfying the —6 dB reflection coefficient is 12 mm. Fig. 3(c)
shows the simulated reflection coefficient when the length of
the T-shaped slot (L) is changing from 12 mm to 14 mm. It is
shown that as the length of Ls increases, the upper frequency
band is shifted to the low frequency side. In particular, the
GSM900, UMTS, LTE bands are affected critically by the
change of Ls. When L¢ becomes 14 mm, the antenna has wider
—6 dB reflection coefficient bandwidth than that of 13 mm in
the high frequency band. However, since the —6 dB reflection
coefficient in the GSM and PCS bands is satisfied marginally,
the length of Lg is set to 13 mm. Fig. 4 shows the simulated
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Fig. 3. The simulated reflection coefficient with different values of L4
(a), Ls (b), and L (c).

reflection coefficient when the values of the chip inductor L, are
18 nH, 22 nH, and 27 nH. The change of the inductor value
affects the reflection coefficient characteristic in the lower fre-
quency GSM band more critically than in the upper frequency
bands. It can be seen that as the inductor value increases, the
resonance occurs at the low side of the lower frequency band,
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Fig. 4. Simulated reflection coefficient with different chip inductor
values of L.

and when the inductor value decreases, the resonance occurs at
the high side of the lower band. The —6 dB reflection coefficient
at the GSM band is satisfied when the inductor value is 22 nH.
Fig. 5 shows the surface current distributions on the proposed
antenna. At lower bands, the surface current around the short-
ended slot is strongly excited by the capacitive coupling due to
feed strip 1. This current distribution shows that the short-
ended slot with the strip 1 generates the half-wavelength reso-
nance [10, 11] and its harmonic modes at the vicinity of 0.85,
1.73, and 2.50 GHz. At the upper bands, the intensity of the
surface current distribution around the T-shaped slot becomes
relatively stronger than that at the lower-frequency band. The
current distribution shows that the T-shaped open-ended slot
with the strip 2 generates the quarter-wavelength resonance

mode [10] at the vicinity of 2.06 GHz and 2.50 GHz.

IV. SIMULATION AND MEASUREMENT RESULTS

Fig. 6 shows the simulated and measured reflection coeffi-
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cients of the proposed antenna. The —6 dB reflection coefficient
bandwidths are 260 MHz (0.77-1.03 GHz) at the lower band
and 1,040 MHz (1.66-2.70 GHz) at the upper band. The
bandwidth of the proposed antenna is wide enough to cover the
desired hepta-band. The measured 2D radiation patterns of the
proposed antenna are shown in Fig. 7. The 2D radiation pat-
terns were measured at the center frequency of each band. At
low frequencies, with the center frequencies of the GSM850
and GSM900 bands at 0.86 GHz and 0.92 GHz, respectively,
dipole-like radiation patterns can be observed in the x-z plane.
In the x-y plane, the radiation patterns are omni-directional. At
high frequencies, with the center frequencies of the DCS, PCS,
UMTS, LTE2300, and LTE2500 bands at 1.80, 1.92, 2.05,
2.35, and 2.60 GHz, respectively, the proposed antenna has
quasi-omnidirectional radiation patterns. Fig. 8 illustrates the
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Fig. 7. Simulated and measured radiation patterns of the proposed antenna at (a) 0.86 GHz, (b) 0.92 GHz, (c) 1.80 GHz, (d) 1.92 GHz, (e) 2.05

GHz, () 2.35 GHz, and (g) 2.60 GHz.
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Fig. 8. Simulated and measured efficiencies and maximum gains of the
proposed antenna.

simulated and measured efficiencies and maximum gains of the
proposed antenna. The measured efficiencies and maximum
gains are 51.8% and 0.93 dBi, 54.6% and 0.8 dBi, 49.5% and
2.26 dBi, 62.7% and 3.02 dBi, 71.1% and 2.24 dBi, at 0.85,
0.98, 1.73, 2.06, and 2.50 GHz, respectively. As shown in Fig.
8, the measured efficiencies and maximum gains are substantial-
ly lower than the simulated results. This is mainly due to the
metal surface roughness of the FR4 substrate which is not ac-
counted for in the simulation [12]. Moreover, the percent error
of the chip inductor and fabrication errors of capacitive coupling
strips lead to the loss of gain.

V. CONCLUSION

In this paper, a hepta-band planar printed hybrid short/open-
ended slot antenna with capacitive coupling feed strips is pro-
posed. By properly choosing the lengths of feed strip 1 and strip
2 and the value of chip inductor, the proposed antenna has a
wide bandwidth of 260 MHz covering GSM850 and GSM900
bands in the lower frequency band and 1,040 MHz covering
DCS, PCS, UMTS, LTE2300, and LTE2500 bands in the
upper frequency band. The geometrical parameters of the short-
ended slot and the feeding strip 1 are mainly affecting the an-
tenna performances at GSM900, DCS, and LTE bands and
those of open-ended T-shaped slot and the feeding strip 2 de-
termines the antenna characteristics at GSM900, UMTS, and
LTE bands. Along with the wide bandwidth, the antenna has
good radiation properties desired for mobile communication
applications.

This work was supported by the National Research Foun-
dation of Korea (NRF) grant funded by the Korea govern-
ment (MSIP) (No.2017R1A2B4002811).
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