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Abstract—In this paper, analysis of half U-slot loaded patch antenna
with shorting wall is presented. The parameters of the antenna
significantly depend on slot and notch dimensions. Bandwidth of the
proposed antenna is found to be 21.59%. The 3dB beamwidth of the
antenna is found to be 90° at the central frequency of 2.6 GHz. The
theoretical results are compared with IE3D simulated and experimental
ones which are in good agreement.

1. INTRODUCTION

Intensive research has been carried out to develop the bandwidth-
enhancement techniques by keeping the size of the patch antenna
as small as possible. One of the effective methods to improve the
bandwidth is to employ a thick substrate [1]. A broadband microstrip
antenna is very useful in the commercial applications such as 2.5 GHz
and 3.0 GHz wireless systems, wireless local area networks (WLAN),
and bluetooth personal networks. Therefore, various designs have been
proposed to improve their bandwidth including different shapes of
patch [2-4], stacked patch [5, 6] and shorted patch antenna [7].

In this article, a half U-slot loaded rectangular patch (L x W)
is analyzed using equivalent circuit theory based on model expansion
cavity model, in which the performance of half U-slot loaded patch
is studied as a function of slot length (L), slot width (W), notch
length (L,,) and notch width (1#,,). The theoretical results obtained
are compared with the simulated [8] and experimental ones [9)].
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2. THEORETICAL CONSIDERATIONS

2.1. Antenna Structure and Its Equivalent Circuit

Figure 1 depicts the geometry of the proposed antenna. It consists of
a rectangular patch with dimensions (L x W). The rectangular patch
is separated from ground plane with a foam substrate (¢, = 1.0) of
thickness h.

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

Fig. 2(a).
The values of Ry, L1, and C can be given as [10].
1= Y 2 (20) »
Li = o @
= g

in which L = length of the patch, W = width of the patch, yo = feed
point location, h = thickness of the substrate material.
Cy\/Ee

Qr = 4fh

where ¢ = velocity of light, f = the design frequency, €. is effective
permittivity of the medium which is given by [10].

_€r+1+5r—1 1_’_@ —1/2
2 2 W

where, &, = relative permittivity of the substrate material.
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Figure 1. Geometry of the half U-slot loaded shorted patch antenna.
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Figure 2. (a) Equivalent circuit of the patch. (b) Equivalent circuit
of the vertical slot. (c¢) Current distribution for the antenna at the
centre frequency of 2.6 GHz. (d) Equivalent circuit of notch loaded
rectangular patch antenna.

Therefore, the impedance of the patch can be derived using
Fig. 2(a) as
1

1 1 .
r T Fol + jwCt

Zp = (4)

Half U-slot in the patch is analyzed by assuming it as a combination of a
slot with dimension (Ls x W) and a notch with dimension (L,, x W,,).

The equivalent circuit of a vertical slot in the patch can be given
as (Fig. 2(b)).

The equivalent circuit of a narrow slot comprises a series
combination of the radiation resistance (Ry) and the reactive
components (Xy7) [11] as shown in Fig. 2(b). Therefore, the impedance
of the vertical slot can be given as

Zy = Ry + j Xy (5)
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where,
1
Ry = 60C + lIl(k’LS) + 5 Sin(k}Ls) [SZ'(QI{?LS)QSi(k‘Ls)]

L
—I—% cos(kLg)C + In kTS + C;(2kLg)2C;(kLg)
and
Xy = 30 cos? a{?Si (kLg)+cos(kLg)[2S; (kLs)—S; (2kLs) —sin (kLg)]
2kW 2
[2@ (kLg) — C; (2kLg) — C; ( 5 )} }
Ls

in which C' is Euler’s constant = 0.5772; k is propagation constant in
free space; S; and C; are the sine and cosine integrals defined as

Siz) = /0 i@,

xT

Cilz) = — / Tein@)

T

and

The notch is introduced along one of the radiating side, which is
shorted by the shorting wall. Due to the effect of notch, two currents
flow in the patch. One is the normal patch current, and another is
around the notch (Fig. 2(c)).

The second resonant circuit is shown in Fig. 2(d) in which

Lo=1L1+ AL

and
Ci1AC

T O+ AC

where series inductance (AL) and capacitance (AC) are calculated as
[12,13].

2

AL =

Z1+ Zy (Wan)
tan
167 f cos—2 (%) ¢

where L, is the length of notch, and Z;, Zs are the characteristic
impedance of microstrip lines with length L, and widths of w; and
wo, respectively.
The values of Z1 and Z5 are given as
1207

Y1 4+ 1.393 4 0.667log (4 + 1.44)

(6)

7y =
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Figure 3. (a) Equivalent circuit of the proposed antenna. (b)
Modified equivalent circuit of the proposed antenna.

1207
Zy = 4 -
Y2 +1.393 + 0.667 log (%2 + 1.44)
and
eo [, 1+ vk Wi, h
AC =2In— |ln ———— In coth 013—
c nﬂ[nl_m}nco <4h>+003Wn (7)
2 2 R /Y
where k1 = V1 — k2 and k2 = n Wy

The coupling factor C, between the two resonators is given by [14].
The equivalent circuit of the proposed antenna is given in Fig. 3(a)
which is modified to Fig. 3(b).
Using this circuit the total input impedance of the proposed
antenna can be given as
_ Zp(Z.+ 2)
T o+ Z.+2
where Zp is the impedance of the simple patch and
ZyZs+ ZnZs + ZnZy
ZNZyZs

Zg¢ = input impedance of shorted patch,

(8)

7 =

in which Zy = — 1
Lt

Joly +jwCs’
Zg = jwls, ls = Inductance due to shorting wall [15],

ls=h {0.210g <<2b]}>> + (0.2235) <i> + 0.5}
where

S = Length of the shorting wall, h = Thickness of the substrate
1
~ jwCe

Zc
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where

— (C1 + CQ) + \/(01 + 02)2 — (10 <1 — é)
2

C.=

k. = coupling coefficient.

2.2. Calculation of Various Antenna Parameters

The reflection coefficient of the patch can be calculated as

Zy—Z
r=20_°7% (9)
Zo+ Zr
where Zy = characteristic impedance of the coaxial feed (50 ohm).
1+ T
VSWR = 10
= (10)
and
Return loss = 20log |T'| (11)

2.3. Radiation Pattern

The radiation pattern of half U-slot loaded shorted patch antenna can
be calculated as [15]

. A W
o —jkor sin sin @ sin ¢
E6) = JhoWVe cos (khy cos 6) ( )

mr kOW sin 0 sin ¢
L
X COS (k:(; sinasingb) cosgp (0<6<m/2) (12)
) iy . koW - 0si ¢
—jkoWVe jkor Sln( sSin ¢ sin )
E = cos(khy cosf
(¢) r (khy ) kOW sin # sin ¢

X COS <k02L Sinﬁsinqb) cosgpsing (0<60<7/2) (13)

where V' is radiating edge voltage; r is the distance of an arbitrary
point, k = kg\/€e1, ko = Tﬂ
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3. DESIGN SPECIFICATIONS FOR THE PROPOSED

ANTENNA

Table 1. Design specifications for the proposed antenna.

Dielectric constant of the material used (e,)
Thickness of substrate used (h)
Length of the rectangular patch (L)
Width of the rectangular patch (W)
Length of the slot (Lj)

Width of the slot (W)

Length of the notch (L)

Width of the notch (W,,)

Feed point (X, Yp)

Length of the Shorting wall (.S)

1.05 foam
10.0 mm
30.0 mm
15.0 mm
26.0 mm

4.0 mm

5.0 mm
2.0mm

(7.0mm, 3.0 mm)

15.0 mm
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Figure 4. Comparative plot of theoretical, simulated and

experimental results for given value of slot length (L) = 26.0 mm,
slot width (W5) = 4mm, notch length (L,) = 5.0 mm, notch width

(W,) = 2.0 mm.

4. DISCUSSION OF RESULTS

Figure 4 shows the variation of VSWR with frequency for the half
U-slot loaded patch. The theoretical bandwidth is found to be
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Figure 5. Variation of VSWR with frequency for different Slot length
(Ls).

Table 2. Calculated value of bandwidth for different value of slot
length (Ls).

Slot Operating Centre
S. No. length (L) frequency frequency | bandwidth
* band (GHz) (GHz)
1. 26.0 mm 2.364-2.936 2.6500 21.58%
2. 26.5 mm 2.301-2.873 2.5870 22.11%
3. 27.0 mm 2.240-2.820 2.5300 22.92%
4. 27.5mm 2.182-2.769 2.4755 23.71%

21.59% VSWR < 2 which shows almost agreement with the simulated
(bandwidth 22.31%) and experimental (bandwidth 27.10%) results.

The variation of slot length (Ls) has increasing effect on
bandwidth which shifts the entire bandwidth towards lower side as the
value of Ly increases (Fig. 5). The obtained result is also corroborated
from Table 2.

In Fig. 6, the variation of VSWR as a function of frequency is
shown for different values of slot width (W) and for given values of
Ly =26.0mm, L, = 5.0mm, W,, = 2.0mm. It is found that up to a
certain value the antenna shows broadband nature. However beyond
Ws = 6.0mm dual band characteristic is observed.

The bandwidth of the antenna increases as the value of notch
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VSWR

Figure 6. Variation of VSWR with frequency for different slot width
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Table 3. Calculated value of bandwidth for different value of notch
length (Ly,).
Notch Operating Centre .
S. No. length (L) frequency frequency | bandwidth
" band (GHz) (GHz)

1. 5.0 mm 2.364-2.936 2.6500 21.58%

2. 6.0 mm 2.377-2.987 2.6820 22.77%

3. 7.0 mm 2.387-3.036 2.7115 23.94%

4. 8.0 mm 2.392-3.088 2.7400 25.40%

Table 4. Calculated value of bandwidth for different value of notch

width (W,).
Notch Operating Centre .
S. No. length (1W,,) frequency frequency | Bandwidth
" band (GHz) (GHz)
1. 2.0 mm 2.364-2.936 2.6500 21.58%
2. 3.0 mm 2.390-2.922 2.6560 20.0%
3. 4.0 mm 2.420-2.918 2.6690 18.66%
4. 5.0 mm 2.453-2.907 2.6800 16.94%
5. 6.0 mm 2.498-2.891 2.6945 14.59%

223
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Figure 7. Variation of VSWR with frequency for different notch
length (Ly,).
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Figure 8. Variation of VSWR with frequency for different notch width

length (L;) increases (Fig. 7). The maximum bandwidth is found to
be 25.40% at L, = 8.0mm (Table 3).

The variation of notch width (W,,) (Fig. 8) shows significant effect
on the antenna bandwidth. Typically, the bandwidth is found to be
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Figure 9. Radiation pattern of proposed antenna.

14.59% at maximum value of W,, = 6.0 mm whereas it is maximum at
21.58% at W, = 2.0mm as shown in Table 4.

The radiation pattern of the proposed antenna is shown in Fig.
9. The theoretical result (beamwidth, 90°) shows the deviation of
3dB beamwidth around 4 degree as compared to simulated results(
beamwidth, 82°).

5. CONCLUSION

From the analysis it is found that the bandwidth of the antenna is
highly dependant on the dimension of slot and notch incorporated in
the patch. Such antenna can be used for the Bluetooth application.
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