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A Very Compact Ultrawideband Printed
Omnidirectional Monopole Antenna

Reza Zaker, Member, IEEE, and Abdolali Abdipour, Senior Member, IEEE

Abstract—A new form of the microstrip-fed monopole antenna
with truncated ground plane is presented. In comparison to the
previous monopole structures, the miniaturized antenna dimen-
sion is only about 11 (0.11,) X 16 mm? (0.17),.), where A, is
the wavelength of the lowest frequency of the band (i.e., 3.2 GHz).
By only sequentially inserting the three notches with proper sizes
and positions in two corners of the quasi-square radiating patch,
very good radiation and impedance characteristics are obtained.
The measured impedance bandwidth of the realized antenna with
optimal parameters is from 3.9 to 21.4 GHz (5.5:1, 138%) for
VSWR <1.5. Moreover, unlike the conventional omnidirectional
monopole antennas, the stability of the H-plane radiation patterns
of the proposed antenna is maintained in omnidirectional form
within the frequency bandwidth up to 16 GHz. The improvement
process of the impedance and radiation properties is completely
presented and discussed.

Index Terms—Compact antenna, omnidirectional, printed
monopole antenna, ultrawideband (UWB).

1. INTRODUCTION

UTURE wireless communication systems, and ultrawide-
band (UWB) systems in particular, require antennas char-
acterized by simple geometry, small size, and quasi-uniform
radiation characteristics within the enhanced frequency band
of interest. Among the newly proposed antenna designs, the
printed monopole antennas are the most promising candidate
for more improvement in the frequency bandwidth [1]-[5] and
radiation properties [4], [S]. It was shown that by symmetrically
etching two rectangular [1] and L-shaped slots [2] in the ground
plane and using a hexagonal ground plane [5], the bandwidth of
the antenna is increased. However, the uniform H-plane radia-
tion patterns are only detected from 3 to 10 GHz. In [3], a new
CPW-fed monopole antenna with a ratio bandwidth of 22.1:1
(0.4 ~ 8.86 GHz) was presented. However, its H-plane radia-
tion patterns are completely nonuniform at 6 and 8 GHz, which
is not suitable. The recently presented compact antenna in [4] is
the only model of the printed monopole antennas that has stable
H-plane radiation patterns at frequencies greater than 11 GHz
up to 15 GHz.
In this letter, a new printed monopole antenna with very com-
pact size and good impedance and radiation characteristics is
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Fig. 1. Configuration of the proposed antenna with optimal parameters.

presented. Here, we show that by sequentially embedding sev-
eral pairs of rectangular notches in two corners of the radiation
patch, the stability of the H-plane patterns is improved, espe-
cially at the higher frequencies between 11 and 17 GHz. More-
over, the bandwidth enhancement and matching improvement
are noticeably obtained. In addition, the effect of width varia-
tion of the patch on the radiation performance, in comparison to
the width of the ground plane, is finally analyzed.

II. MONOPOLE ANTENNA CONFIGURATION AND DESIGN

Fig. 1 shows the geometry of the proposed small antenna,
which consists of a simple rectangular patch with three pairs of
notches, (1 and 1), (2 and 2) and (3 and 3’), illustrated by dash
lines, with dimensions of Wy x Ly, Wy X Lo, and W3 X Lg,
respectively. In a simple square patch without notches, there is a
sharp and sudden discontinuity in the connection point between
the microstrip-fed line and the patch, which may be a significant
factor for lowering the bandwidth and degrading the radiation
performance at the higher frequencies. By using these notches,
we try to obtain a balance between the vertical and horizontal
surface currents on the patch. Therefore, the more stable radi-
ation patterns at the high frequencies may be achieved. More-
over, because of the existence of these sequential discontinuities
on the patch, it is expected that several resonances will be gen-
erated. In this case, the total bandwidth of the antenna can be
improved [6], [7]. The width of the patch is Wp, which is equal
to the width of the substrate and ground plane (W) simultane-
ously. It will be shown that this equality is an important factor
for having the stable radiation characteristics. The antenna is
printed on an FR4 substrate with permittivity of 4.4 and com-
pact dimension of 11 x 16 x 1 mm? (= h). The slotted ground
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c: Ant III d: Ant IV

12 GHz (co-polar) ,

12 GHz (cross-polar):

16 GHz (co-polar)> ------ 16 GHz (cross-polar)

Fig. 2. Normalized H-plane patterns of the four antennas (I, II, III, and IV) at 12 and 16 GHz using optimal parameters mentioned in Fig. 1.

plane (Fig. 1) with a rectangular notch (2 x 3.1 mm?) acts as an
impedance matching element [6].

III. SIMULATED AND MEASURED RESULTS AND DISCUSSION

The proposed antenna structure is simulated using a High Fre-
quency Structure Simulator (HFSS, ver. 11). During the simu-
lation process, by adding various metal strips and blocks to the
antenna structure, the effects of bad soldering and great SMA
connector are considered. At first, for clarifying the improve-
ment process, four different antennas are defined as follows:
Ant I, without three pairs of notches (the quasi-square patch);
Ant II, the square patch with only one pair of notches (1 and
1"); Ant III, the square patch with two pairs of notches (1 and
', and 2 and 2’); and Ant IV (the proposed antenna), with
three pairs of notches (1 and 1/, 2 and 2’ and 3 and 3/, simul-
taneously). To analyze the antenna performance at the higher
frequencies between 11 and 17 GHz, two sample frequencies,
12 and 16 GHz, are selected. The normalized H-plane patterns
of the above-mentioned antennas, at 12 and 16 GHz, are pre-
sented in Fig. 2. It is clearly seen that by adding the notches
into the patch structure (from Ant I to Ant IV), the stability of
the H-plane radiation patterns is remarkably improved. We see
in this figure that the proposed antenna (Ant IV) has uniform
radiation pattern with low cross polarization at 12 and 16 GHz,
simultaneously. In Ant IV, the maximum nonuniformity and
the minimum difference between co- and cross components at
16 GHz are 3.9 and 9.1 dB, respectively, which are acceptable.
To clarify the phenomenon behind this stability improvement
of the H-plane patterns, the surface currents of two antennas
(I and IV) at 16 GHz are shown in Fig. 3 for comparison. It
is observed that the sharp and sudden discontinuity, detected in
Ant 1, is completely degraded in Ant I'V. In this case, the sudden
variation in surface currents at two corners of the patch that are
the active areas in high frequencies is not seen. Moreover, to
study of the impedance and matching characteristics, the sim-
ulated VSWRs of the four antennas are also plotted in Fig. 4.
The enhancement of antenna bandwidth and improvement of
the matching is completely noticeable. The bandwidths of four
antennas (I, I, IIL, and IV) for VSWR < 1.5 are 3.5, 6, 16, and
17.4 GHz, respectively. Finally, the expected improvements in
the impedance and radiation characteristics are obtained. It must
be mentioned that the effects of the dimension variation of the
monopole antenna ground plane and one notch in the patch on
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Fig. 3. Simulated surface currents for Ant I and IV at 16 GHz.
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Fig. 4. Simulated VSWRs of the four antennas (I, II, III, and IV).

the radiation and impedance characteristics are previously in-
vestigated [4]-[6].

In this study, the other effective parameter is Wp, whose vari-
ation is analyzed when W, is constant of about 11 mm. In this
case, the lengths of Ly, Lo, and L3 are constant and provided
in Fig. 1. It is observed through HFSS simulations that by in-
creasing Wp from 9 to 13 mm, the impedance and matching
characteristics are improved, but the uniformity of the H-plane
patterns and the cross-polarization components are degraded,
especially at high frequencies between 11 and 17 GHz. Finally,
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Fig. 5. Photograph of the realized compact monopole antenna.
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Fig. 6. Simulated and measured VSWR and measured peak gain of the pro-
posed antenna (Ant IV).

it is discovered from simulations that for providing a tradeoff
between stable radiation patterns and good impedance charac-
teristics, the value of Wp should be equal with the width of the
ground plane (W, = 11 mm).

The photograph of the realized very compact monopole an-
tenna with its soldered SMA connector is shown in Fig. 5. The
measured VSWR of the realized antenna is plotted in Fig. 6,
where a very good agreement between the simulated and mea-
sured results is observed. In the simulated and measured VSWR
graphs of the proposed antenna in Figs. 4 and 6, we recognize
four different resonances, generated due to the existence of four
serial discontinuities in direction of the microstrip-fed line. In
the structure of Ant IV, there are four different and unequal
coupling distances between the slotted patch and the ground
plane that could help to improve the impedance and matching
properties.

In addition, the measured peak gain of the antenna versus fre-
quency is also shown in Fig. 6, from 4 to 22 GHz. We can see
that the antenna gain is about 2.2-5.85 dBi at most frequencies
of operation. Figs. 7 and 8 show the measured H- and E-plane
radiation patterns of the antenna, respectively. The expected be-
haviors within the bandwidth are clearly detected, especially at
12 and 16 GHz.

It is also interesting to notice that the proposed antenna has
an area of 176 mm? (11 mm X 16 mm), which is less than the
area of the presented antenna (240 mm?) in [4] with dimension
of 8 mm x 30 mm. Moreover, unlike the proposed ground plane
of the antenna in [4], the ground plane of the proposed structure
has no limitation in shape and size.
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. Measured H-plane patterns of the antenna at 4, 8, 12, and 16 GHz.
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Fig. 8. Measured E-plane patterns of the antenna at 4, 8, 12, and 16 GHz.

IV. CONCLUSION

A novel printed monopole antenna with a very compact size
was presented and investigated. We showed that by sequen-
tially embedding three pairs of notches with the proper dimen-
sions and positions in the square patch, very good impedance
matching and improved bandwidth are obtained. The measured
results illustrate that the proposed antenna offers a very wide
bandwidth from 3.9 to 21.4 GHz for VSWR < 1.5 and stably
omnidirectional H-plane patterns up to 16 GHz. As a result, the
proposed simple antenna can be very suitable for various appli-
cations of the future developed UWB systems.

REFERENCES

[1] R. Zaker, C. Ghobadi, and J. Nourinia, “Novel modified UWB planar
monopole antenna with variable frequency band-notch function,” IEEE
Antennas Wireless Propag. Lett., vol. 7, pp. 112-114, 2008.

R. Zaker, C. Ghobadi, and J. Nourinia, “Bandwidth enhancement of
novel compact single and dual band-notched printed monopole antenna
with a pair of L-shaped slots,” IEEE Trans. Antennas Propag., vol. 57,
no. 12, pp. 3978-3983, Dec. 2009.

S. S.Zhong, X. L. Liang, and W. Wang, “Compact elliptical monopole
antenna with impedance bandwidth in excess of 21:1,” IEEE Trans.
Antennas Propag., vol. 55, no. 11, pp. 3082-3084, Nov. 2007.

Q. Wu, R. Jin, J. Geng, and M. Ding, “Printed omni-directional UWB
monopole antenna with very compact size,” IEEE Trans. Antennas
Propag., vol. 56, no. 3, pp. 896-899, Mar. 2008.

K. G. Thomas and M. Sreenivasan, “Printed elliptical monopole with
shaped ground plane for pattern stability,” Electron. Lett., vol. 45, no.
9, pp. 445-446, Apr. 2009.

J. Jung, W. Choi, and J. Choi, “A small wideband microstrip-fed
monopole antenna,” [EEE Microw. Wireless Compon. Lett., vol. 15,
no. 10, pp. 703-705, Oct. 2005.

X. S. Yang, K. T. Ng, S. H. Yeung, and K. F. Man, “Jumping genes
multiobjective optimization scheme for planar monopole ultrawide-
band antenna,” IEEE Trans. Antennas Propag., vol. 56, no. 12, pp.
3659-3666, Dec. 2008.

[2]

[3

—

[4]

[5]

[6]

[7]



