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ABSTRACT

A novel rectangular microstrip antenna on conventional dielectric substrate with centrally loaded inductive septums are
proposed for dual band operation. The proposed antenna has been thoroughly investigated and the results are presented
in the paper. The conventional patch antenna fabricated on common substrates always resonates at its dominant TM
mode which produces the radiation field along its broadside direction. In the present investigation, the same microstrip
antenna is designed on conventional substrate with centrally located inductive septums beneath the patch, with a view to
develop a new resonant mode which will produce radiation like dominant TM;, mode. The speciality of the proposed
antenna is to excite a new resonant mode with good impedance bandwidth while the traditional dominant TM;y mode is
kept unaltered. A thorough quantitative analysis is presented to justify the reason of generation of new resonant mode
along with the traditional dominant TM;, mode. An easy and handful formulation has been established for calculation
of the frequency for new resonant mode as a function of antenna parameters and the gap between the septums. The
proposed idea has been verified through a commercial software package for a patch operating in C band and an excel-

lent agreement is revealed.
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1. Introduction

The rectangular microstrip antenna is the most common
and popular antenna for its well known striking features,
such as low profile, light weight, and compatibility with
monolithic microwave integrated circuits and thus it

finds growing number of new applications day by day [1].

In the modem era of communication technology, these
antennas are very useful for satellite links (GPS, vehicu-
lar, etc.), as well as emerging applications, such as wire-
less local area networks (WLAN).

The conventional patch antenna fabricated on common
substrates usually resonates at its dominant TM;, mode
with a typical bandwidth of 2% - 3%. This is an intrinsic
limitation in bandwidth, which is due to the resonant
nature of the patch structure. Hence a new drive is given
in research to overcome the bandwidth limitations of
patch antennas. The applications, where the increased
bandwidth is needed for operating at two separate sub-
bands, a valid alternative to the broadening of total band-
width is represented by dual-frequency patch antennas as
indicated in [2]. Several efforts have been given to de-
velop the dual frequency microstrip antennas and the
most simple technique to realize it by exciting the two
nearby orthogonal modes such as TM;, and TMy, is as
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reported in [3]. These antennas are characterized by two
resonances with orthogonal polarizations and hence are
known as orthogonal mode dual-frequency patch anten-
nas. The inherent restriction of this approach is that the
two different frequency bands excite two orthogonal po-
larizations. However, this method is very useful in low-
cost short-range applications, where polarization re-
quirements are not vital. Another approach to design such
an orthogonal-mode dual band antenna using a single
feed with a slot inclined with respect to the microstrip
feed line is reported in [4]. Some more investigations
such as [5,6] have been reported which show that the
dual band antennas can be designed with the help of mul-
tiple radiating elements in stacked configuration. The
most popular technique for obtaining a dual-band opera-
tion is to introduce a reactive loading to a single patch
such as stubs was first studied in [7]. A more practical
configuration of [7] is presented in [8], in which the stub
is constituted by a microstrip. A rectangular notch intro-
duced at the radiating edge [9] is an alternative way to
introduce a dual-frequency behavior. A rectangular patch
loaded with two parallel slots close to the radiating edges
and meandered with slits at the non-radiating edges for
dual band operation is obtained from open literature
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[10]. A new design of single-feed, reduced-size dual-fre-
quency rectangular microstrip antenna with a cross slot
of equal length is presented in [11]. The characteristics
of a single-feed dual-frequency compact microstrip an-
tenna with a shorting pin are studied in [12]. One re-
cently reported article [13], proposes an antenna which
consists of a small circular patch surrounded by two
concentric annular-rings, which is loaded by an unequal
lateral cross-slot ground plane to produce dual band op-
eration.

These various techniques to achieve dual-band opera-
tion from various types of microstrip antennas still suf-
fers from either complex manufacturing process or the
polarization purity in its radiation. Moreover, there are
hardly some efficient design guidelines reported, which
can be utilized successfully to design a microstrip an-
tenna for dual band operation.

In order to alleviate the lacunae in those structures, a
new technique is proposed where a pair of simple thin
metal plate has been introduced beneath the patch cen-
trally along the width of the patch as shown in Figure 1.
This pair of simple thin metal plate produces an inductive
discontinuity along the central region below the patch
and hence acts as inductive septums. Unlike the previous
structures we have introduced the reactive loading be-
neath the patch instead of giving it to the patch. This has
been done with a view to generate a new resonant mode
while the usual dominant TM,;, mode is kept unaltered.
The proposed structure has been conceived based on the
conjecture of producing new effective radiating slots
(responsible for generating new resonant mode) along

with the actual radiating slots (responsible for generating
traditional TM;, mode) by introducing the septums are
justified quantitatively. A concrete mathematical back-
ground behind the generation of new resonant modes
along with traditional TM,y mode is presented. An casy
and handful formulation has been established for calcula-
tion of the frequency for new resonant mode as a func-
tion of antenna parameters and the gap between the sep-
tums. The detailed variation of resonant frequency of the
new resonant mode as a function of the gap between the
septums has been studied and presented in the paper. The
proposed antenna can produce radiation along its broad-
side direction for two individual frequency band with
single polarization. The theory presented in the paper is
successfully utilized to evaluate the behavior of such
antenna which is verified using [13] and close agreement
is revealed.

The novelty of the proposed antenna is to excite a new
resonant mode with radiation characteristics similar to
that due to fundamental dominant TM;, mode which can
be justified quantitatively with concrete mathematical
background. Moreover, the antenna exhibit dual band
operation with polarization purity in its radiation charac-
teristics for both the bands and its structure is very sim-
ple and easy to manufacture.

The total work is analytically presented in the subse-
quent sections. First we have discussed the proposed an-
tenna geometry in Section 2 followed by the results ob-
tained from the new antenna at Section 3. In the next
section (Section 4), thorough quantitative analysis in the
background of transmission line model and Transverse
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Figure 1. Rectangular microstrip antenna with inductive septum placed beneath the patch centrally along the width of the
patch. (a) overall antenna structure; (b) cross-sectional view along the width (W); (c) longitudinal view/cr oss-sectional view

along thelength (L).
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Resonance Method is presented to explain the new find-
ings from the proposed antenna.

2. Proposed Antenna Structure

A rectangular microstrip antenna with length L = 12 mm
and width W = 18 mm for C band operation is shown in
Figure 1. A dielectric material of thickness # = 1.575
mm and relative permittivity of ¢, = 2.33 is utilized as
substrate. A pair of simple thin metal plate (inductive
septums) has been introduced beneath the patch centrally
along the width of the patch as shown in the figure. The
gap between the septums d = 6 mm is as shown.

3. Resaults and Discussions

The input and radiation characteristics for the proposed
antenna operating in C band is presented with the help of
FEM based software tool [14].

Figure 2 shows the complete return loss profile for
both the conventional antenna and the proposed one (both
having same L, W and % values) which indicates clearly
that there is a generation of new mode along with the tra-
ditional TM;, mode in case of proposed antenna while this
is not the case for conventional one. The conventional
antenna resonates at 7.17 GHz with an impedance band-
width of 2.8%, while the proposed antenna resonates at
two individual frequency with 6.34 GHz and 7.24 GHz
having 6% and 8% of impedance bandwidth respectively
as revealed from Figure 2. Using the formulation devel-
oped by one of the present authors [15] it is seen that the
patch with L = 12 mm, W = 18 mm and % = 1.575 mm
resonates at its fundamental dominant mode frequency
of 7.2 GHz. Thus it confirms the development of new
resonant mode at a frequency below the traditional fun-
damental TM,, mode for the proposed antenna.
Figure 3 shows the radiation pattern for E and H plane of
the proposed antenna for two separate frequencies. Fig-
ure 3(a) gives the radiation pattern at 7.24 GHz i.e. the
radiation fields associated with traditional TM;q, mode
where as 3(b) gives the radiation pattern at 6.33 GHz i.e.
the radiation fields associated with new mode. It may
also be noted that for both the frequencies, radiations are
in broad side direction as it should be for ideal dual band
antennas. The gain for traditional TM;, mode is 7.2 dBi
while that for new mode is 6.2 dBi. The comparison of
Figures 3(a) and (b) reveals that, the H plane cross po-
larized radiation associated with new resonant mode is
slightly more than that of traditional TM;, mode while
the co-polarized radiation pattern is nearly identical for
both the frequencies. This slightly increased cross polar-
ized radiation for the new mode does not hamper the
antenna characteristic much but it may be minimized by
cupping the ground plane as done in [16] for conven-
tional microstrip antenna.

Copyright © 2012 SciRes.
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Figure 2. Complete return loss profile for conventional an-
tenna and proposed structure. Parameters: L =12 mm, W=
18 mm, A =1.575mm, ¢, = 2.33,d = 6 mm and fed at 2.8 mm
from center of the patch.
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Figure 3. Radiation pattern for E and H planes of the pro-
posed antenna. (a) at 7.24 GHz i.e. the pattern associated
with traditional TM 1o mode; (b) at 6.33 GHz i.e. the pattern
associated with new mode. Parameters as in Figure 2.
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The effect of the separation between the septums d on
the resonant frequency of new mode in case of proposed
antenna has been presented in Table 1. It is evident from
the table that as the separation between the septums d
increases, resonant frequency of the new mode decreases.
It should also be mentioned that, for other values of d
except d = 6 mm, the matching is poor and hence the
gain of the antenna at new mode is degraded than that for
traditional TM;, mode. This is the reason of choosing d =
6 mm for the proposed antenna.

4. Quantitative Analysis

When the very thin septums have been introduced un-
derneath the patch along its width through central line (as
in Figure 1), it produces an inductive impedance of Xj.
As this discontinuity under the patch is placed along the
central region, it will not perturb the field distribution for
dominant TM;, mode. Because, for that dominant TM,
mode, the field distribution underneath the patch is such
that there will be a nodal point of electric field at the
central region. Now, the radiating slots can be assumed
to be an open circuit point because we know that, these
are considered as magnetic walls in cavity model. The
equivalent transmission line model is as shown in Figure
4.

Thus the resultant impedance (Z,) transformed from
these two radiating slots (open circuit points) at the cen-
tral region will become parallel to the inductance pro-
duced by septum X in that region and hence producing
the equivalent impedance Z at the central region below
the patch.

If we consider that the patch and ground plane as par-
allel plate guide of characteristic impedance Z, and the
impedance transformed from each radiating slot (open
circuit points) at the central region is Z;, then we may
write

Z, =—jZ,cot fL[2 (1)

Rectangular Microstrip Antenna Using Inductive Septums for Dual Band Operation with a New Resonant Mode

z: Z
Z =—=—j"Llcot BL/2 2
2775 BL ©)
As, Z; is parallel combination of Z and jX,
Z xjX
Z, =217 (3)
[Z,+jX, ]

(—jzocotﬁL/ijXL
2
Z, =

Z )
[—jzocotﬂL/2+jXL}

Following [17], if we apply Transverse Resonance
Method (TRM) at the central region (where electric field
node exists for TM;, mode) below the patch, we can
write

L Radiating slot (may be
L/2 L2 considered to be an
<——><—> open circuit point)

-

Septum at central region

beneath the patch
(a
L2 L2
[ L ]
. Open end
L (radiating slot)
[ L ]
(®

Figure 4. Cross-sectional view along the length (L) for pro-
posed structure and its equivalent transmission line model
(a) structural view; (b) transmission line equivalence.

Table 1. Variation of resonant frequency of new mode as a function of the gap between the septums d for proposed antenna

compar ed with conventional antenna.

Conventional microstrip antenna with: L = 12 mm,
W=18 mm, h = 1.575 mm, ¢, = 2.33 and fed at 2.8 mm

Gap between septums (d) in mm  from center of the patch

Proposed microstrip antenna with: L = 12 mm,
W =18 mm, h = 1.575 mm, ¢, = 2.33 and fed at
2.8 mm from center of the patch; d: variable

f™M GHz [ GHz f™M GHz S GHz
4.0 7.24 6.56
4.6 7.22 6.50
5.0 7.17 No existence 7.23 6.46
6.0 7.24 6.34
7.0 7.22 6.18
Copyright © 2012 SciRes. JEMAA
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Ze=0 5)
=
~ZO .
—]TCotﬂL/Z JX,
~ -0 (6)
[—jz‘)cotﬁL/2+jXL}
This is possible if,
(—j%cotﬂL/ijXL =0 7
Thus,
cot SL/2=0=cotm/2 (7a)
=
n (®)
L:z:ﬂg/z

where 4, is the wavelength within the dielectric.

Which is the primary requirement for the existence of
dominant TM;p mode underneath the patch. Thus, it fur-
ther confirms that the inductive septum placed under-
neath the patch along its width at the central region
which produces an inductive impedance of X; will not
affect the field distribution of dominant TM;, mode and
hence radiation associated with this mode is kept unal-
tered.

Now we may concentrate on the effect of inductive
septum to produce the new resonant mode below the tra-
ditional TM;, mode resonance. In fact, the effect be-
comes prominent at a frequency other than TM;, mode
frequency. In that case, the nodal point of electric field
does not exist at the central region where septums are
introduced. If we consider only one side of length L/2 (i.e.
from the central region towards one radiating slot) (see
Figure 4), at the central region beneath the patch, the
equivalent impedance due to one side Z, as

| Z xjX,

ZE:m (9)

as the impedance transformed from each radiating slot
(open circuit points) at the central region is Z,. This is
basically the equivalent impedance at the central region
below the patch due to parallel combinations of imped-
ance transformed from one radiating slot (open circuit
point) (as we have considered only one side) and the in-
ductive impedance generated due to introduction of sep-
tum at the central region.
Then using Equations (1) and (9)
v (=jZycot BL)J2) jX,

Zr = [-)Z, cot BLJ2+ jiX, ] (19)
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_ (ZycotpL/2) X,
X, ~Z,cot BL/2] (102)
. —j(Z0 cotﬂL/Z)XL (11

F[X,~Z,cot BL/2]

which in fact, is capacitive in nature as observed from
Equation (11). Now, if we consider this capacitance is
developed at the input of an open circuited transmission
line of length A/, then we may write

—j(Z,cot BL/2) X,
[X,—Z,cot fL/2]

—jZ,ycot Al = Z), = (12)

Thus the effective position of the open circuit point is
then located outward at a distance of A/ from the central
region. Now using [18,19]

x, =| |7, tan’ (ﬂj (13)
A, 2w
Now with d = 6 mm, W= 18 mm we have
6
X, =Z, {/I—J (14)

Thus from Equations (12)-(14), we can write

—j(Zycot BL/2)Z, [;j

g

—jZ, cot Al = (s
[ens
6
(cotﬂL/Z){lJ
cot fAl = - (16)
o)
(ﬂi] cot BAl —cot BAl cot BL/2
2 (17)
= (%J cot SL/2
Let,
cot BL/2=m (18)
cot fAl=n (19)

Thus using (17)-(19)

[%] n—mn= (%] m (20)

dividing both the sides by mn
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6/ A -1= {%} (20a)
| m | n
6//13’ —[%}:1 (21
| m | n
Hence, i .
6//1g D{%}zmqn 22)
| om | n
= cot S L/2 < cot fAI (23)
Thus
BLI2<BA = Al>LJ2 (24)

Thus the effective position of the open circuit point
(which may be assumed to be one radiating slot) is then
located outward at a distance of A/ from the central re-
gion and this is greater than the half of the length of the
patch. Thus, the actual radiating slot in one side is at a
distance of L/2 from the central region while another
effective radiating slot is developed and the effective
position of that new radiating slot in one side is at a dis-
tance of A/ from the central region. The equivalent
transmission line model for both the traditional TM,,
mode and the new mode is as shown in Figure5.

Thus, considering both the sides, these two effective
radiating slots are separated by 2A/. This length is acting
as a resonant length for a new resonant mode and thus a
new mode has been generated. This new resonant mode
radiates the electromagnetic wave through these effective
radiating slots. However, the conventional dominant
resonant mode TM, kept unaltered as introduction of
inductive septum does not affect the field distribution as
explained earlier.

Now, from Equation (24)

2AI> L (25)

Let, the resonant frequency of conventional dominant

Al =172
<>

[ ®

) Open end

X (radiating slor)
[ ®

(@

Al> L2

° L ]
) Open end
26 (radiating slot)

(®)

Figure 5. Equivalent transmission line model for traditional
TM o, mode and new mode (a) traditional TM,, mode; (b)
new mode.
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resonant mode TM,o is /™ and that for new mode
£ Thus,
Mo =c/2Lfe, (26)
N =c/2(200) e, @7)
Using Equation (25)
AR VA (28)

Thus the new mode with a resonant frequency lesser
than that for traditional dominant TM;, mode is gener-
ated with the proposed antenna.

Now, if the gap between the septums d increases, the
resonant frequency of the new mode decreases. Let us
consider two cases, where the gap between septums are
d, and d,. The inductive reactances for those are X;; and
X}, respectively.

Let, d,>d,

Thus from Equation (13),

tan’ nd, /2W > tan’ nd, [2W = X, > X, (29)

where in the proposed structure, the gap between the
septums is limited.

Thus,
O<d W
/2> nd, [2W >0
similarly;
0<d,aW
/2> 7d, [2W >0

Thus recalling Equation (12) for these two cases,
(X, xcot SL/2)
[X, —Z,cot BL/2]

cot fAl = (30)

and
(X,,xcot BL/2)

cot fAL, =
PAL, [X,,—Z,cot BL/2]

€2))

dividing numerator and denominator of right hand side of
Equations (30) and (31) by X;, and X}, respectively,

tfL/2
cot pal, = —\OBL2) (32)
1— Zycot fL)2
L Xuo ]
tBL/2
cot pal, = SOPL2) (33)
1% cot SL/2
L X
using (29)
cot BAl < cot fAl, (34)
hence,
JEMAA
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Al < AL (35)

Thus the two new effective radiating slots are sepa-
rated by 2A/; which is smaller when the gap between
septums are d;, compared to that when the gap between
septums are d5. This confirms the observation of Table 1,
which show that, as the gap between septums increase,
the resonant frequency of new resonant mode decrease.

Now in case of proposed antenna of L = 12 mm, W =
18 mm and the gap between the septum is d = 6 mm,
Equations (18) and (19) gives,

m=cot fL/2=cot12n/2, (36)
using Equations (16), (19) and (36),

(w2 £

g

BER

(cot12m/2, )(f}

g

{ /ZJ—cotUn//lg}

Using the formulation developed in (21),

SHE

m n

n=cot fAl =

Thus,

€0

n=

now, putting the values from Equations (36) and (37)
above equation results

(64,) | (”M]/}

t12n/ A
cot12n/2, (cot12ﬂ://1g)[/16]

=1 (38)

g

which can be solved by numerical technique or graphical

method and found to be satisfied for A, = 31.048 mm.
Thus, 1=4,/¢, =47.39 mm and

(/") =¢/A=6.33 GHz for d = 6 mm which is in ex-

cellent agreement with the simulated results as revealed

from Figure 2 and Table 1.

5. Conclusion

A rectangular microstrip antenna with centrally loaded
inductive septums below the patch is proposed for dual
band operation. The superiority of the proposed antenna
to excite a new resonant mode below the conventional
TM;y mode with faithful radiation pattern and apprecia-
ble impedance bandwidth for both the bands is verified

Copyright © 2012 SciRes.

along with concrete mathematical justification. A clear-
cut and handful relationship has been established and
successfully utilized for calculation of the frequency for
new resonant mode for proposed antenna. This will be
unquestionably helpful for the scientists, researchers and
practicing engineers looking for such low profile antenna
with dual band operation. The thorough mathematical
analysis for the generation of new mode using such an-
tenna is very supportive for future investigations in this
area.
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