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An UWB dual polarized microstrip fed

L-shape slot antenna

RAGHUPATRUNI VENKATSIVA RAM KRISHNAl, RA]J KUMAR® AND NAGENDRA KUSHWAHA'

In this paper, a microstrip fed, L-shape slot antenna for dual polarization is proposed. The two arms of the slot generate elec-
tric fields of orthogonal polarizations. By properly sectioning the slot and the feed line, ultra wideband (UWB) behavior is
obtained. The measured impedance bandwidth (S,,;< —10 dB) is more than 8.6 GHz (112%) and 8.2 GHz (104%) for
Port 1 and Port 2, respectively. The measured isolation is better than 25 dB over most of the band. The aperture field distri-
bution justifies the dual polarized nature. A modified version which implements a band-notch over 5.1-5.85 GHz wireless
local area network (WLAN) band is also presented. With a compact, single substrate design, the antenna can be useful in
MIMO transmission systems, polarimetric UWB radar, high performance microwave imaging, and other future wireless com-

munications devices.
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. INTRODUCTION

Dual polarized antennas can be used for diversity applications
to increase the capacity of transmission. Alternately, they can
mitigate the depolarizing effect of the media and enhance the
quality of reception. One of the earliest designs reported for
dual polarization is a metallic patch excited through aperture
coupling by two microstrip lines placed orthogonally [1].
Since then, many antennas have been reported but most of
them are designed on multi layered substrates making them
incompatible with printed RF circuits [2—4]. Some single sub-
strate designs have also appeared recently [5-14]. In [5], two
stepped microstrip lines excite a triangular shape slot. The
antenna operates in the 5-6 GHz range with an isolation of
30 dB. In [6], a circular slot antenna of size 150 X 150 mm”
excited by a stepped monopole and a meander shape micro-
strip line is proposed. An operating band from 1.7 to
2.171 GHz is obtained with isolation higher than 33 dB. In
[7], a circular patch fed by a CPW line excites a fan-shaped
slot printed on one side of the substrate while another circular
slot on the same side is excited using two thin microstrip lines
printed on the other side of the substrate. The target applica-
tions are the WLAN bands falling within 5 to 6 GHz while the
isolation achieved is better than 30 dB. In [8], in a CPW fed
dielectric resonator antenna (DRA), the even and odd
modes are excited to realize the two polarizations. For an
operating band from 3.5 to 4 GHz, the achieved isolation is
>25 dB. A cusp shaped structure formed by a circular patch
placed eccentrically inside a circular slot is excited by a slot
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line and a microstrip line to form the dual polarized
antenna in [9]. The antenna measuring 217 X 217 mm?® is
designed to operate at 5.2 GHz with isolation of the order of
60 dB. A square patch having a number of cross shape slots
is probe fed from two locations for generating the dual polar-
ization in [10]. The antenna operates near goo MHz with iso-
lation better than 36 dB. In [12], a rectangular slot fed by a
CPW line forms the basic structure while a bent microstrip
line printed on the other side of the substrate excites the slot-
line mode of the CPW to give the other polarization. The
impedance bandwidth is 670 MHz at the center frequency
of 2.4 GHz while the isolation is 32.5 dB.

Among the dual polarized antennas proposed with ultra
wide impedance bandwidth, the antenna proposed in [12]
has an annular slot excited using two CPW feed lines placed
in quadrature and terminating on semicircular ring shape
stubs. The impedance matching achieved is ultra wideband
(UWB) while the isolation is around 14 dB. In [13], two
CPW fed stair shaped radiating elements excite a quarter cir-
cular slot to get an impedance bandwidth of 2.5-12 GHz and
isolation of 15 dB. Two semi-circular patches are used in [14]
to excite a circular slot etched on a ground plane of size 8o x
80 mm?®. The impedance bandwidth is from 3 to 14 GHz while
the isolation is better than 20 dB over the operating band. In
comparison to these antennas, the proposed antenna achieves
ultra wide bandwidth along with isolation better than 25 dB
over most of the band. The design aspects of the antenna
are covered in the next section followed by discussion on
the simulated and measured results.

I. ANTENNA DESIGN

The basis of the design is the property of a narrow rectangular
slot to generate linearly polarized electric field of good

363


mailto:dr.rajkumarkumar@yahoo.com
https://doi.org/10.1017/S1759078715000124

364

RAGHUPATRUNI VENKATSIVA RAM KRISHNA ET AL.

< 68 mm >
83| v Y| A
s2 | I - [
] F%IPS X Port 1 X
: | | I
51 N = M3 61 mm
A BNy M2 Port 2
i A = e
S3 o = Eaa
; S4 Ss sS4 M6| v

Top Side (Ground - Slot) Bottom Side (Microstrip Feed)

Copper FR-4 (Substrate)

Fig. 1. Proposed antenna configuration.

polarization purity. A combination of two such slots or sec-
tions of a slot placed at right angles will produce orthogonal
polarizations. The proposed antenna is printed on both
sides of a commercial grade FR4 substrate with the top and
the bottom sides as shown in Fig. 1. On the top side is the
ground plane with an L-shape slot etched on it whereas the
bottom side has the microstrip feed lines. Both the L-shape
slot and the feed lines are sectioned for obtaining UWB behav-
ior. The two feed lines cross the respective slot sections
orthogonally. Microstrip feed is chosen over CPW feed since
it offers greater degree of freedom in design and results in
less cross polarization. Although a straight feed is used to
excite the vertical slot arm, a chamfered bent (L-shape) feed
is used to excite the horizontal slot arm. This is done to
increase the physical separation between the two feed circuits
in the available antenna space and improve the isolation. The
L-shape feed also improves the impedance matching. A para-
sitic slot (PS) is introduced to bring the reflection coefficient
well below —10 dB near 8.5 GHz and a slot stub (I) is intro-
duced to improve the isolation. Dimensions (lengths and
widths) of the various sections of the slot and feed lines are
given in Table 1.

I, RESULTS AND DISCUSSION

A) Measured and simulated S-parameters

The measured S-parameters of the proposed antenna are
shown in Fig. 2 along with the simulated ones. Ultra wide
impedance bandwidth with a lower edge frequency of
3.4 GHz for port 1 excitation and 3.8 GHz for port 2 excita-
tion is noted from the S,, and S,, curves. The difference in
the lower edge frequencies is because the two circuits are
not identical.

Table 1. Dimensions of proposed antenna (in mm).

Section  S1 S2 S3 S4 Ss PS I
Length 19.5 9.0 9.0 4.0 24.0 11.0  13.0
Width 3.5 8.0 12.0 6.0 3.5 1.0 1.0
Section M1 M2 M3 M4 Ms Me6

Length 11.0 5.0 8.0 25.5 8.0 8.0

Width 3.2 1.9 9.25 3.0 2.0 13.5
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Fig. 2. Measured and simulated S-parameters.

The presence of multiple resonances in the reflection coef-
ficient characteristics is due to the increased number of react-
ive elements in the circuit. A single uniform slot is electrically
a tank circuit consisting of inductance and capacitance which
depend on the slot length and width. The presence of multiple
sections of different lengths and widths leads to a number of
such tank circuits in parallel. This increases the number of
reactive elements causing multiple resonances to appear.
The merging of these resonances gives the ultra wide band-
width. A symbolic equivalent circuit of one of the arms of
the proposed antenna is shown in Fig. 3. In the circuit each
slot step is represented by an R-L-C circuit while the metallic
short at the slot end is shown by the inductance Ls. Although
the resistance “R” and inductance “L” are dependent on the
length of the slot segment, the capacitance “C” will depend
on the width. Similarly, the steps in the microstrip feed are
represented by their R-L-G-C parameters while C, represents
the open circuit capacitance at the feed end. The third step in
the feed line behaves as a patch antenna and hence its radi-
ation resistance R,,; has been included in series with the R,
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Fig. 3. Symbolic equivalent circuit for one of the arms of the proposed
antenna.
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Fig. 5. Variation in S,, with position of parasitic slot.

L, G, C parameters. The coupling of electromagnetic energy
from the microstrip feed to the slot is depicted by means of
a transformer of turns ratio 1:n. The coupling takes place
exactly at the center of the slot.

The measured isolation seen from Fig. 2 varies between 20
and 30 dB in the operating region. The isolation of the pro-
posed antenna has been improved by (1) using L-shape feed
line for exciting the horizontal slot arm and (2) by inserting
a slant slot stub “I” at the junction of the arms. A slant stub
as proposed in [5] restricts the spread of the ground plane cur-
rents and thus reduces the coupling over certain frequencies.
The simulated isolation S,, without the stub “I” is also
shown in Fig. 2 (dotted green line). The maximum improve-
ment with the stub is seen around 7.5 GHz where the stub
length (13 mm) is close to Af2.

The effect of the PS on §,, is shown in Fig. 4. The §,, of the
optimized design without the PS (red line, Fig. 4) shows a peak
(>—10dB) near 8.5 GHz. The profile is corrected by the
introduction of PS whose length (11 mm) is tuned to create
a resonance at the correct position (8.3 GHz). The impedance

matching in the neighborhood of the resonance is also
improved and the overall response becomes UWB. As the
length of the PS is decreased, the introduced resonance
shifts upwards. The variations in S,, with a change in the pos-
ition of the PS for a fixed slot length (11 mm) are shown in
Fig. 5. The resonance is seen to shift toward higher frequencies
as the PS is moved away from the patch in the vertical direc-
tion or away from the slot in the horizontal direction. Further,
there exists an optimal placement for obtaining the best per-
formance. In the antenna, the feed section M3 also behaves
as a microstrip fed patch placed on a defected ground. The
role of the PS then is to create an additional resonance by
itself (where its length I = A/2) and to shift the resonance of
the patch M3 by disturbing the ground plane currents under-
neath it. At a particular position of PS, when these two reso-
nances favorably combine with the impedance behavior of
the main slot, overall wideband characteristics are obtained.

B) Aperture field distribution and radiation
patterns

To verify the dual polarized behavior, the aperture field distribu-
tion for different port excitations is plotted at 5.7 GHz in Fig. 6.
When port 1 is excited, horizontally directed electric field gets
established in the vertical arm of the slot while little cross polar-
ization is seen in the horizontal arm. The converse is true for port
2 excitation which results in vertical polarization.

The measured and simulated radiation patterns of the pro-
posed antenna are shown in Fig. 7. The simulated cross polar-
ization is seen to be around —15dB along the boresight
direction over most of the frequencies. The measured cross-
polarization is however higher owing to the poor characteristics
of the reference horn antenna used in the measurement system.

V. BAND-NOTCH DESIGN

To avoid interference of the proposed antenna with existing
WLAN systems operating in the 5.1-5.85 GHz range, a band-
notch is desirable in this range. The design of the proposed
antenna is modified next to implement this band-notch
characteristics. An impedance notch is created in the 5.1-
5.9 GHz band by placing two C-shape metallic strips adjacent
to the feed line. The dimensions of the strips are shown in
Fig. 8. The strips placed near the two feed lines are slightly dif-
ferent in shape but the total length of each strip (C1 = 16 mm,
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Fig. 6. Aperture electric field at 5.7 GHz.
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Fig. 7. Measured and simulated radiation patterns.

C2 = 16.5 mm) is nearly equal and tuned to satisfy the condi-
tion (I= A,/2) for causing the notch at 5.5 GHz. As seen
from Fig. 8, the C-shape strips also have slant strips at the
corner. The slant strip on C1 has a length of 2.4 mm while
that on C2 has a length of 1.6 mm. The purpose of introducing
these strips is to suppress the harmonic tending to create an
undesirable anti-resonance near 10 GHz. Further, in this
design, M1-width is changed from 3.2 to 3.5 mm and
S5-width is changed from 3.5 to 3.1 mm.

M pr—————
10.1 mm

Fig. 8. Modified design for band-notch characteristics at WLAN.
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In Fig. 9, the simulated and measured voltage standing wave
ratios (VSWRs) for the band-notch design are shown along
with the isolation. On comparing with Fig. 2, it is seen that
the C-shape strips, apart from creating the impedance notch
in the desired band, improve the isolation by an additional
10 dB in that band. A characteristic dip over the notch frequen-
cies is also observed in the measured peak gains (shown for
both the original and the band-notch versions) shown in
Fig. 10. The reduction in the gain can also be seen from the radi-
ation patterns for the band-notch design. The simulated and
measured radiation patterns at one of the in-band frequencies
(5.4 GHz) for the band-notch design are shown in Fig. 11. A
comparison with the patterns shown in Fig. 7 can be made to
appreciate the gain reduction. Finally, the variation in the
center frequency of the notch band (Port 2) with the length
of the C-shape strip is shown in Fig. 12.

A) Envelope correlation coefficient

An important quality indicator for a two port antenna is
the envelope correlation coefficient p, calculated using (1).
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i NN N - R - . The simulated and measured correlation coefficients for the
5 ' 5 proposed antenna (without notch) are shown in Fig. 13.
In the same figure, the correlation coefficients for the
band-notch design are also shown. It can be observed
that both the simulated and measured correlation coeffi-
cients for both the antennas are almost equal and found
i to have low values (<0.002). The band-notch seen in the
3 4 5 6 7 8 9 10 11 12  S-parameters and peak gain is seen to have little effect
Frequency (GHz) . . .

on the correlation coefficient as also observed in [12]

Fig. 10. Peak gain comparison of the antennas (with/without notch). and [15].
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A lower value of the correlation coefficient indicates less cross

talk during simultaneous usage of the two ports. VI. CONCLUSION

_ 187,812 + S5, S0 | . (1) An L-shape, dual polarized, UWB, slot antenna is presented
(1 = (Sul” + 18PN = (1851”4 1S1.1) and experimentally validated. The two arms of the L-shape
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Fig. 11. Radiation patterns of the band-notch design at one of the in-band frequencies (5.4 GHz).
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slot are excited using two separate microstrip lines and gener-
ate orthogonally polarized electric fields. Sectioning of the slot
and the feed line optimizes the impedance bandwidth which
starts from 3.4/3.8 GHz and extends beyond 12 GHz. The
measured isolation achieved is more than 25 dB over most
of the band. The antenna has nearly omni-directional radi-
ation patterns with a measured peak gain of 3-6 dBi in the
operating band. The antenna will be useful for dual polarized
applications in portable UWB communication devices.
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