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Tis paper presents an integrated design of a multimode and multifrequency miniaturized handset antenna working at the lower
band (0.24–0.7GHz) with linear polarization and higher band (1.98–2.01GHz and 2.17–2.20GHz) with circular polarization
simultaneously. At the higher band, the quadriflar helix antenna (QHA) is utilized with each arm developed into two arms of
diferent lengths and linearly tapered widths to realize double resonance and increase the bandwidth. Moreover, a helical stub
behaving as a director is introduced to improve the antenna gain. At the lower band, the outer conductor of the QHA feedline and
four QHA arms are designed to constitute a monopole antenna through proper feeding and introducing four quarter-wavelength
short-circuit stubs. With this radiator-sharing technique, the QHA not only works at the higher band with a circular polarization
pattern but can act as a monopole antenna working at the lower band with a linear polarization pattern simultaneously. As a result,
the size of the antenna can be reduced remarkably. Finally, the proposed antenna is fabricated with a total length of 228mm and a
diameter of 15mm. At the lower band, the measured S11 is below −8 dB, and the gain is larger than 0.5 dBi. At the higher band, the
measured S11 and AR are better than −13 dB and 3 dB, respectively, and the gain within the zenith angle range of 0°−35° is greater
than 2.5 dBi, which demonstrates better performance.

1. Introduction

With the fast development of communication techniques,
multimode terminals integrated with multiple functions
such as LTE, self-organizing network, intercom, and satellite
communication have been widely used; correspondingly, it
is required to design the antennas operating at VHF/UHF
bands with diferent modes to realize the aforementioned
functions.

At the VHF band and lower band of UHF, the monopole
antenna or dipole antenna is often utilized to achieve om-
nidirectional radiation on the horizontal plane with linear
polarization. In [1], two compact monopole antennas
working at 149MHz and 398MHz are proposed by using

meander-line and foldable structures. Das and Iyer [2]
proposed a highly miniaturized 3-D spherical folded dipole
antenna working at 515MHz, which employs a spherical
helix structure and hence has a very compact structure with a
vertical size of only 1/175 of wavelength. However, both the
aforementioned two antennas work with a narrower
bandwidth. At the higher band of UHF, the quadriflar helix
antenna (QHA) becomes a preferable candidate due to its
wide beamwidth and good circular polarization character-
istics. In [3], a dual-band QHA is presented, each arm of
which consists of two parallel elements with diferent lengths
to achieve double resonance. Byun et al. [4] proposed an-
other kind of dual-band QHA by using stepped-width arms,
which can reduce the antenna size and adjust the frequency
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interval for dual-band operation. In [5], a low-profle dual-
band QHA is proposed by loading the circular metal strips
on the dual-helix metal strips with diferent lengths. In [6], a
compact triple-band circularly polarized QHA is designed
by the incorporation of a UHF-band QHA and an L/S-band
QHA assembled in a “piggyback” fashion.

To realize the integration of multiple functions, it is
required to use the multimode and multifrequency antenna
to satisfy the multiservice requirement of terminals. Mul-
timode and multifrequency can be achieved by loading slots,
stubs, and parasitic elements [7–11], which has the ad-
vantages of small size and easy feeding, but often results in
pattern distortion or beam splitting. Te other way is to use
separate antennas arranged side by side or embedded for
each band and mode [12–15]. In this way, the antennas
should be arranged skillfully to reduce the mutual coupling
and the size of antennas as much as possible. However, so
far, researches on multimode and multifrequency antennas
are mainly concentrated in the felds of GSM, WLAN,
WiMAX, GPS, and BDS, etc., and there is very little literature
on handset terminal antennas working in the VHF/UHF
band. In [16], a folded quadriflar helix antenna colocated
with a UHF communication monopole on a handset is
presented to realize a multiuse antenna system for integrated
communications and navigation capability. In [17], a dual
bands (UHF/S) handset antenna is designed, which consists
of a QHA working at S-band (1.9–2.2GHz) with circular
polarization and a monopole antenna at the UHF band
(420–520MHz). Te two antennas are arranged coaxially to
realize miniaturization.

In this paper, an integrated and miniaturized design of
the multimode and multifrequency handset antenna is
proposed. A QHA is designed to work at a higher band of
1.98–2.01GHz and 2.17–2.20GHz with circular polariza-
tion. By substituting each arm with two arms of diferent
lengths and linearly tapered width and loading a helix stub,
the QHA is improved to achieve double resonance with
increased bandwidth and gain. Moreover, through proper
feeding and introducing a quarter-wavelength short-circuit
stub, the QHA can also act as a monopole antenna working
at a lower band of 0.24–0.7GHz with linear polarization.Te
proposed antenna can be applied to the portable multimode
and multifrequency handset terminals at VHF/UHF bands.

2. Integrated and Miniaturized Design of
Multimode and Multifrequency Antenna at
VHF/UHF Bands

2.1. Design of QHA at Higher Band. At higher bands
(1.98–2.01GHz and 2.17–2.20GHz), the QHA is utilized to
realize circular polarization and broad-beam radiation on
the upper half-space. Te antenna consists of four metal
arms wrapped around a thin dielectric cylinder made of PC/
ABS. Each arm satisfes the helix parametric equation. If the
axis of the cylinder is taken as +z axis, then the upper and the
lower line for the helical arm starting from +x axis can be
expressed by
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From the equations above, the structure of the QHA is
mainly determined by four parameters: the diameterD of the
dielectric cylinder, the pitch angle α, the length L of each
arm, and the width w of each arm. Te value of D can vary
over a wider range. However, a smaller value of D will result
in a stronger coupling between the four arms since they are
too close to each other, and a larger value of D not only
increase the antenna size but also can lead to the change in
the radiation pattern on the upper half-space. Te value of
the pitch angle α can afect the bandwidth, beamwidth, and
AR. For larger pitch angle, the number of turns becomes
small if other parameters remain unchanged, which can
increase both the bandwidth and beamwidth, but the AR
also becomes larger and the circular polarization charac-
teristics get worse [18]. Te length L of each arm determines
the resonated frequency and is set to be equal to nλg/4 in
general, where n � 1, 3, 5, . . . if four arms are open-circuited
at the nonfeeding end and n � 2, 4, 6, . . . if they are short-
circuited. It should be noted that the working wavelength λg

is less than that in free space due to the existence of the
dielectric cylinder. In this paper, the four arms of the QHA
are open-circuited at the terminal end; therefore, n is an odd
number. Te greater the value of n, the wider the working
bandwidth, and the larger the antenna size. Terefore, n � 3
is utilized in this paper to reach a compromise between the
bandwidth and the antenna size.

Considering that the QHA works at uplink and
downlink mode, each arm of it is replaced by two arms with
diferent lengths [3]. Te longer arm with a length of L1
resonates at 1.98–2.01GHz, and the shorter one with a
length of L2 at 2.17–2.2GHz. In addition, the width w of each
arm is designed to be linearly tapered from 0.7mm to
2.2mm to increase the impedance bandwidth. To improve
the antenna gain, a helical stub is innovatively loaded on the
main radiator, which behaves as a director and can efec-
tively direct the radiated power to the required upper half-
space. By adjusting the lengths L3 and L4 of the helix stub and
the spacing d from the main radiator, the antenna gain on
the upper half-space can be increased. Te fnal
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confguration of the improved QHA is shown in Figure 1,
with its structure parameters listed in Table 1.

To realize the circular polarization, the four arms of the
QHA are connected to the output ports of a one-to-four
power divider and phase shifter at the bottom of the antenna
to be fed with equal amplitudes and quadrature phases. In
accordance with the analysis in [19], the QHA can be
equivalent to two orthogonal small loop-dipole antennas fed
in the quadrature phase. Utilizing the feld equations of the
small loop antenna and dipole antenna, it can be concluded
that the electric feld components Eθ and Eϕ are of equal
amplitude and have a 90° phase diference; therefore, a cir-
cular polarization pattern can be excited. To illustrate this, the
surface current distributions on the four arms for diferent
phases of 0°, 90°, 180°, and 270° at 1.995GHz are simulated
and displayed in Figure 2, and the corresponding radiated

electric feld vectors along the axis direction are also shown in
this fgure. It is clear that the radiated electric feld vectors
change with time and rotate in an clockwise manner, which
means that a left-hand circular polarization wave is excited.

2.2.DesignofMonopoleAntennaatLowerBand. At the lower
band of 0.24–0.7GHz, the quarter-wavelength monopole
antenna is a good candidate to satisfy the requirement of
linear polarization and omnidirectional radiation on the
horizontal plane, the design of which is as follows. Firstly,
the inner conductor of the feedline at the lower band is
connected to the outer conductor of the QHA coaxial
feedline; therefore, the feeding current of the lower band will
fow along the outer surface of the outer conductor of the
QHA feedline; i.e., the outer conductor of the QHA feedline

d

α

L2

L1

L4

L3

πD/4

Resonates at
2.17-2.2 GHz

Resonates at
1.98-2.01 GHz

(a)

Main radiator

Director

(b)

Figure 1: Confguration of improved QHA. (a) Unwrapped model. (b) 3D model.

Table 1: Structure parameters of improved QHA.

Parameter D (mm) α (°) L1 (mm) L2 (mm) L3 (mm) L4 (mm) d (mm)
Value 15 60 74 68.7 34 43 0.9

Radiated electric feld vector

Jsurf [A_per_m]

1. 0000e+002
8. 9000e+001
7. 8000e+001
6. 7000e+001
5. 6000e+001
4. 5000e+001
3. 4000e+001
2. 3000e+001
1. 2000e+001
1. 0000e+000

(a)

Jsurf [A_per_m]

1. 0000e+002
8. 9000e+001
7. 8000e+001
6. 7000e+001
5. 6000e+001
4. 5000e+001
3. 4000e+001
2. 3000e+001
1. 2000e+001
1. 0000e+000

(b)

Jsurf [A_per_m]

1. 0000e+002
8. 9000e+001
7. 8000e+001
6. 7000e+001
5. 6000e+001
4. 5000e+001
3. 4000e+001
2. 3000e+001
1. 2000e+001
1. 0000e+000

(c)

Jsurf [A_per_m]

1. 0000e+002
8. 9000e+001
7. 8000e+001
6. 7000e+001
5. 6000e+001
4. 5000e+001
3. 4000e+001
2. 3000e+001
1. 2000e+001
1. 0000e+000

(d)

Figure 2: Surface current and radiated electric feld distributions of QHA at 1.995GHz: (a) 0°, (b) 90°, (c) 180°, and (d) 270°.
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can act as the radiator of the monopole antenna. Secondly,
four short-circuit stubs with a length of quarter-wavelength
of the higher band are innovatively introduced to connect
the four input ports of the QHA arms with the outer
conductor of the QHA feedline. For the higher band, it is
equivalent to connect four input ports of the QHA in parallel
with a quarter-wavelength short-circuit stub, which there-
fore does not afect its current distribution due to the
quarter-wavelength impedance transforming. For the lower
band, the feeding current can be extended from the outer
conductor of the QHA feedline to four QHA arms via the
short-circuit stubs, i.e., four QHA arms can also be treated as
part of the monopole antenna and participate in the radi-
ation of the lower band. In this way, the outer conductor of
the QHA feedline, four short-circuit stubs, and four QHA
arms, taken as a whole, constitute the radiator of the
monopole. With this radiator-sharing technique, the QHA
not only works at the higher band with a circular polari-
zation pattern but can act as a monopole antenna working at
the lower band with a linear polarization pattern simulta-
neously. As a result, the size of the antenna can be reduced
remarkably since it is unnecessary to design an additional
monopole antenna radiator. By adjusting the length of the

QHA feedline, the monopole antenna can resonate at the
desiring band. Figure 3 displays the simulated current
distribution of the antenna, it is clear that the feeding current
fows from the outer conductor of the QHA feedline to four
QHA arms via four short-circuit stubs, and it takes the
maximum at the feeding port and approximately drops to
zero at the end of the QHA arms, which is in agreement with
the current distribution of conventional monopole antennas.

Considering that the monopole antenna works over a
wider range of frequencies of 0.24–0.7GHz, it is necessary to
design a matching network. As stated above, the inner
conductor of the monopole antenna feedline is connected to
the outer conductor of the QHA coaxial feedline. At the
connection, the QHA feedline is wound into a coil of several
turns, which together with the loaded stubs constitutes an
LC matching network. By adjusting the length of the loaded
stubs, a better matching over the whole operating band can
be achieved. In addition, a high-pass flter is inserted in
series on the QHA feedline to reduce the mutual coupling
between the monopole antenna and the QHA. Finally, by
connecting the two feedlines of the monopole antenna and
the QHA to a dual-core connector, an integrated and
miniaturized multimode and multifrequency antenna is
obtained, which can work at both lower and upper bands of
VHF/UHF bands simultaneously. Te confguration of the
proposed antenna is shown in Figure 4.

3. Measured Results and Discussion

Te proposed antenna is fabricated with a total length of
228mm and a diameter of 15mm as shown in Figure 5.
From Figure 6, it is observed that the measured S11 is below
−8 dB at the lower band and below −13 dB at the higher
band, which means the proposed antenna has good
matching over the whole operating band. Figure 7 displays
the measured AR, and it is clear that the 3-dB AR beamwidth

Jsurf [A_per_m]

2. 0000e+000

1. 8579e+000

1. 7157e+000

1. 5736e+000

1. 4314e+000

1. 2893e+000

1. 1471e+000

1. 0050e+000

8. 6286e–001

7. 2071e–001

5. 7857e–001

4. 3643e–001

2. 9429e–001

1. 5214e–001

1. 0000e–002

Figure 3: Surface current distribution of monopole antenna.
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Figure 4: Geometry of the proposed antenna.
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(a) (b)

Figure 5: Photograph of the fabricated antenna: (a) front view and (b) upward view.
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Figure 8: Radiation pattern of the proposed antenna at the lower band: (a) E-plane and (b) H-plane.
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Figure 9: Continued.
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can cover the whole upper half-space, which means good
circular polarization characteristics.

Te E-plane and H-plane radiation patterns of the
proposed antenna at the lower band are shown in Figure 8.
As can be seen, the E-plane radiation pattern has the shape of
“8” but is tilted upward since the metal enclosure of the
handset terminal is not an ideal infnite ground, and the

H-plane radiation pattern shows omnidirectional radiation
on the horizontal plane.

Figure 9 displays the radiation pattern in the elevation
plane at the higher band. Te antenna gain can be increased
by 1-2 dB with the introduction of a helical director, and
higher cross-polarization isolation of more than 20 dB can
also be achieved. In Table 2, the antenna gain at the zenith
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Figure 9: Radiation pattern of the proposed antenna at (a) 1.98GHz, (b) 2.01GHz, (c) 2.17GHz, and (d) 2.2GHz.

Table 2: Gain at the zenith angle of 0° and 35° for diferent frequencies.

Frequency (GHz) Gain at the zenith angle of 0° (dBi) Gain at the zenith angle of 35° (dBi)
1.98 3.85 2.81
2.01 4.15 2.92
2.17 3.94 3.16
2.20 3.59 2.88

0.2 0.3 0.4 0.5 0.6 0.7 2.00 2.05 2.10 2.15 2.20
–80

–70

–60

–50

–40

–30

–20

S2
1 

(d
B)

Freq (GHz)

Figure 10: Port isolation of the proposed antenna.
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angle of 0° and 35° for diferent frequencies is listed, which
shows that the antenna gain is greater than 2.8 dBi within the
zenith angle range of 0° to 35°. Te measured isolation
between two ports in the lower band and the higher band is
displayed in Figure 10. It can be seen that the isolation
exceeds 30 dB in both bands, which illustrates a small mutual
coupling efect between the monopole antenna and the
QHA.

Furthermore, a comparison between the proposed an-
tenna and the reference antenna is listed in Table 3. It can be
concluded that the proposed antenna has a higher gain with
a smaller size due to the adoption of the director stub and the
radiator-sharing technique.

4. Conclusions

An integrated and miniaturized design of the monopole
antenna and QHA is proposed, which works at a lower band
(0.24–0.7GHz) with linear polarization and a higher band
(1.98–2.01GHz and 2.17–2.20GHz) with circular polariza-
tion. Measured results show that the proposed antenna has
better performance and can therefore be applied to the
portable multimode and multifrequency handset terminals
at VHF/UHF bands for LTE, self-organizing network, in-
tercom, and satellite communication.

Data Availability

Te data used to support the fndings of this study are
available from the corresponding author upon reasonable
request.
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