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Abstract— This letter presents the design of dual band microstrip patch antenna. This antenna
is with single layer E-shaped patch loaded by two U slots. The —10dB return loss impedance
bandwidths of 2.26% and 1.91% are realized at center frequencies of 10.94 GHz and 13.06 GHz
with gains of 9.12dBi and 8.54dBi respectively. The radiation patterns are also presented.
Compared with the published results of the similar scenario, in this design the size is reduced.
The design guidelines are provided.

1. INTRODUCTION

During the recent years there has been rapid development in dual band microstrip antenna due to
its wide applications in many communication systems. Dual band characteristics can be achieved
with the same structure by exciting two different modes with suitable feed point [1], using stacked
structures [2], loading reactive stub [3], slots [4], coplanar multi conductor structures [5] etc.. The
broadband characteristic of a rectangular, circular and stacked U-shaped slot microstrip patch an-
tenna has been reported [6-9], in which two different but close resonant frequencies in a single patch
are combined to give a wideband operation. On the other hand, if the excited resonant frequencies
are far apart, a dual-frequency operation can be achieved with the U-slot antenna [10-13]. A slot
antenna has special advantage because of its simple structure, such as wider bandwidth, less con-
ductor loss [15-17]. A probe feed microstrip antenna with an internal U-shaped slot having large
impedance bandwidth with broadside radiation pattern are reported [18]. In this paper, the design
of E-shaped/U-slots loaded rectangular patch antenna at single layer with co-axial feeding tech-
nique has been proposed. This antenna has improved the radiation efficiency and gain with reduced
size which are the advantages over the earlier reported paper [14]. The working frequency bands
are SAR (10.81 GHz-11.06 GHz), VSAT (12.92 GHz-13.17 GHz). From the simulation studies, it is
found that the proposed antenna can achieve dual-band performance, high gains, reduction in the
size and better band isolation. Details of the proposed antenna and its performance are given in
next parts.

2. ANTENNA DESIGN AND THEORETICAL CONSIDERATION

2.1. E-shaped/U-slots Loaded Rectangular Patch Antenna

The proposed configuration of the antenna is shown in Fig. 1. In this letter a new type of two
U-shaped slots loaded E-shaped, single layer rectangular patch antenna have been proposed for
dualband applications. The dimensions of two U-slots and notches are chosen in such a way so that
proposed antenna can exhibit dual frequency behavior with good matching condition.

The E-shaped is simpler in construction. The two parallel notches have the same length Ly
and same width Wy . The separation [17, 18] of the two notches is Wg. There are thus only three
parameters (LyWy, Wg) for the notches used here. Similarly the two symmetrically U-shape slots
are simpler cut in same patch. The vertical slots length of first and second U-shape are L; and Ls,
similarly horizontal slots length are Lo and L4 and width of both U-slots are W7 and Ws. In this
way the six parameters are included in two U-shapes, i.e., (L1, Lo, Ls, L4, W7, and W5).

A probe feed is located at the point (—6.425, —0.475) for good excitation of the proposed antenna
over a dualband. The current distributions of the proposed antenna in two difference frequency
bands are given in Fig. 2.

Microstrip patch is considered as a parallel combination of capacitance (C1), inductance (Lj)
and resistance (R;) as shown in Fig. 3.

The values of Ry, L1, and C; can be given as [19].

Cr/Ee

Qr: 4fh




616 PIERS Proceedings, Prague, Czech Republic, July 6-9, 2015

Y

| Ly
]

I—» Fed patch
/f/ —> Air w
| Feed Position Ly
Ground plane

» Coaxial feed

—t—>
Ws

—S S

—=
Jh
3
oS
=

(a) (b)

Figure 1: (a) Top view and (b) side view geometry of the proposed antenna.
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Figure 2: Current distribution at two difference resonance frequency. (a) Current distribution at 10.94 GHz.

(b) Current distribution at 13.06 GHz.
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Figure 3: Equivalent circuit of fed patch antenna. Figure 4: Modified equivalent circuit due to sym-
metrically notch cut in fed rectangular patch.

where
¢ = velocity of light.
f = design frequency.
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gc is effective permittivity of the medium which is given by [10].
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where, €, = relative permittivity of the substrate material.
Therefore, the impedance of the patch can be derived using Fig. 3.
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When two parallel notches are cut in the patch the current distribution are shown in Fig. 2 and
the equivalent circuit of the initial patch is modified and can be given as shown in the Fig. 4.

The values of series inductance (AL) and series capacitance (AC) are calculated [20,21]. After
considering the coupling capacitance C. the equivalent circuit of the proposed antenna is modified
as shown in the Fig. 5. The value of coupling capacitance can be given as [22].

(C1+Cr) + \/(C1 +Cr)2 —C1Cr (1 —1/k2)

Ce= —~ 9 (2)
where Cp = £5& and k. = Qll 5 in which Q1 and Q2 are the quality factor of both the
resonators.
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Figure 5: Equivalent circuit of symmetrically notch loaded single layer rectangular patch antenna.

The resonance resistance of the modified configuration of the rectangular patch can be calculated
as [23]. Now using the equivalent circuit shown in Fig. 5 one can calculate the total input impedance
of the notch loaded rectangular patch antenna as

AVA!
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in which Ly = Ly + AL Slot in microstrip patch can be analyzed by using duality relationship
between the dipole and the slot. In this paper the patch is fed by a coaxial feed (50€2). The
U-shape slot is considered as three slots, i.e., two parallel to z-axis and the third one perpendicular
to the z-axis. The impedance of a single slot parallel to the z-axis is given as [20].

L kL
Zs = Ry (kL1) — j {120 <log <d1> — 1) cot 71 — X4 (k:Ll)} (4)
where

k=2r (wave vector).

Ly = length of the slot.
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and X 4(kLy) is given as

25; (]ﬁLl) -+ cos (k:Ll) [25Z (k}Ll) - 5; (2kL1) — sin (kLl)]
Xa (kL) =30 { 12C; (kL1) = Ci (2kLy) — C; (522 }

where w; is the width of the slot and R, is the radiation resistance and is given by

R, = =

i do (5)

2Wr  —mo /2” cos Kicost 02089 — cos kgl
0 sin 6
here 79 = 1207 (characteristic impedance of free space).
Wt = total radiated power.
I,,, = maximum current in the slot.
Radiation resistance R, is calculated as
R —god CAm(EL) = Ci(kLy) + sin(kLy) [Si(2kL1) — 2S;(kL1)]
" +1cos(kL1) [C +In (BLv) + C; (2kLy) — 2C; (kL1)]

where C' (Euler’s constant) = 0.5772.
and S;(kL1) and C;(kL1) are the sine and cosine integral and given as

Si(x) = /Ow sin(z) dx

X

and Cj(z) = — [° Sin@) g,

xT
Now the impedance of slot perpendicular to the z-axis is given as

L L
Zgp = —j [120 <ln = 1) cot (“)}
w1 2

L3 = length of the slot along y-axis.

The equivalent circuit of the proposed antenna can be given as shown in Fig. 6(a) in which Z
is the impedance due to two U-slot vertical lengths and Zy is the impedance due to base length
of the U-slot, Z(’]1 and Zé]2 is the same for other U-slot patch antenna. And Zyp is the impedance
of notch loaded rectangular patch.
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Figure 6: (a) Equivalent circuit of the proposed antenna. (b) Its modified circuit.

Now the total input impedance of double-U slot loaded parallel notch cut rectangular patch
antenna can be calculated from Fig. 6(b) as

21 Z12ZNR

Ty = 7
ZNRZ2 + ZNRZ1 + L1 Zio + ZNR @
where
2,1 = Zu2Zut
Zua + Zin
A
Zt2 — U2<U1

Zys + Zin
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and Zyg which is given by above equation Using this equation one can calculate the various antenna
parameters for proposed antenna.

r_ Zy — Zr
Zo+ Zr
Table 1:
Frequency 10.0-14.0 GHz
w 40.0 mm
L 30.0 mm
Ly 20.0 mm
Wn 4.0 mm
Ly 20.0 mm
Lo 20.0 mm
L3 16.0 mm
Ly 13.0 mm
Wy 1.0 mm
Wo 1.0 mm
Dielectric (e,) 22 (0.127 mm)
Thickness (h) air 1.0mm
Feed Location (X, Yp) | (—6.425, —0.475)

3. RESULTS AND DISCUSSION

Simulation results were carried out to demonstrate the performance of the proposed antenna.

(8)

From Fig. 7, it is seen the return loss versus frequency that, the return loss of the first band
designed microstrip patch antenna is —21.98 dB at the frequency of 10.94 GHz with a frequency
band 10.81 GHz to 11.06 GHz, similarly the second band is obtained at return loss —27.50dB at
the frequency of 13.06 GHz with a frequency band 12.92 GHz to 13.17 GHz. This shows that it is
very useful for the radar communication.

The simulated F and H plane cross and Co-polarization radiation patterns of the proposed
antenna at 10.94 GHz (lower resonance frequency) and 13.06 GHz (Upper resonance frequency) are
shown in Figs. 8-9. It can be seen that, there is small deviation in maximum power in case of
upper resonance frequency in comparison to lower resonance frequency. The simulated peak gains
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Figure 7: Comparative plot between return loss and
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Figure 8: Simulated radiation patterns both E and

H plane in cross and co-polarization of dualband

antenna at 10.94 GHz resonance frequency.



620 PIERS Proceedings, Prague, Czech Republic, July 6-9, 2015

i e el
S L ‘\‘ - 10 1 : T T T T :
ey Y 2 . | | -==-= Simulation Maximum Gain |
w 1 A [ e e e e e S e et
o 5 %o AT | | | | N |
\ / \ I3
i | [ [ | I [N I
4 \ L [ N I | Loy I
! U W \ gF---L ro-Lo2 U I e
/ ) ¥ \ . | ™ N | [ |
| ! - i 1l | | ™ | N
| L4 - - " | | [N | b Kl
{180 S i | o 87****'*** AT It Sty
o n.o T oo -mE W on o = IF ‘r ‘r ‘r . Tr/ W ‘V ‘{
| N— -~ R
]'. | = Hi | | | | | NS
\ _..' ‘3 6,,,7!F,,,F,,,P,,,F,,,F,,,P,,,P,,\Vl,
\ I ] I I I I I | |
b1 / r | | | | | |
55 S I S R N R R B I TR
N ’ 5 F i | ] | | |
. {
- ;o | | | | | |
X - ! | | | | | | |
oy ) e 4r-rf--r———r-———r-——-r-———r-———r-———r———1
b e S T * J | | | | | | |
T ’ I I I I I I I
R e ":":'"" e 3 I I I I I I I
svation Patlers Gein Bisplar
(ami) 10 10.5 11 11.5 12 12.5 13 13.5 14
Frequency (GHz)

Figure 9: Simulated radiation patterns both £ and  Figure 10: Gain versus frequency of the proposed
H plane in cross and co-polarization of the dualband  antenna.
antenna at 13.06 GHz resonance frequency.

of the antenna are 9.12dBi and 8.54 dBi shown in Fig. 10. The above study shows the influence of
size and shape of notches, slots and thickness of substrate on the impedance bandwidth.

4. CONCLUSION

This proposed method for the design of dual-band patch antenna results in a structure which
is simpler and easier to fabricate than the structures described before. The presented design
demonstrates the use of U-slots and E-shaped patch to get the dualband operation of rectangular
patch antenna. This modified rectangular patch antenna can be used for radar applications. It
fulfills the demands of applications such SAR and VSAT Antenna provides impedance bandwidth
of 2.26%, 1.91% at two different application bands. The peak gains are 912dBi, and 8.54 dBi
respectively.
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