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Compact multi frequency strip loaded
microstrip patch antenna with spur-lines
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AND SANTOSH KUMAR CHOWDHURY"

In this paper a new design of compact single layered triangular slotted microstrip patch antenna with spur lines and strip
loading is proposed. It has been experimentally investigated that strip loading causes more size reduction where spur lines
and triangular slot introduces multi frequency operation of microstrip patch antenna. The size reduction has been found
to be 87% for the proposed antenna. In this article the effect of strip loading and spur lines over compactness are individually

analyzed.
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. INTRODUCTION

Miniaturization of microstrip patch antenna is on demand to
keep its importance in modern communication systems [1].
Microstrip patch antenna has several attractive features of
small size, light weight, easy integration capability with cir-
cuits. Due to these advantages, microstrip patch antennas
are used in portable devices such as mobile phones, laptops
etc. [2]. The communication devices have shown a drastic re-
duction over the decade with respect to their size; henceforth
the focus on compactness of microstrip patch antennas in
these communication devices are on frontline of interest for
various researchers [3-14].

The realization of compact multi frequency microstrip
patch antenna has been reported by various authors in their
articles using several techniques like cutting the slots on the
patch, cutting slots on ground plane, monopole structure
with defected ground plane, C shaped ring loading, using
parasitic element etc. Bhunia et al. [3] has investigated over
compactness of microstrip patch antenna with the variation
of slot length on the patch and he has found 85% size reduc-
tion with respect to conventional patch. He has also found
67% size reduction using unequal finger like slots on the
patch [4]. Miniaturization of microstrip patch antenna by
cutting the slots on the patch has been discussed in many
more literatures [5-8]. Sarkar et al. [9] has proposed a new
design of a miniaturized microstrip patch antenna with
single slotted ground plane. Another technique of achieving
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multi frequency operation with monopole antenna structure
and defected ground plane has been discussed in some articles
[10-11]. Chen et al. [12] has proposed a novel miniaturized
design of a microstrip fed slot antenna loading with a pair
of C shaped ring inside a half wavelength slot and he has
achieved 50% size reduction in this design. Mitra et al. [13]
has designed a compact microstrip patch antenna loading
with a pair of split ring resonator and he has found 26%
size reduction in comparison with slot antenna without split
ring resonator. Kim ef al. [14] has proposed another new
design of a compact multiband microstrip patch antenna
using inverted L and T shaped parasitic element.

In this article a new approach of designing a compact multi
frequency microstrip patch antenna has been proposed and
experimentally verified. The proposed patch antenna with tri-
angular slot and a pair of spur lines and strip loading offers
multi frequency operation with 87% size reduction (with
respect to the antenna, which is responsible to resonate at res-
onating frequency 1.8 GHz of the designed antenna). To cal-
culate the size reduction the reference patch size is taken as the
total area of the patch including strip line. The dimension of
the ground plane is more than the four times the dimension
of the patch so that it can be taken as infinite ground plane.
It has been seen according to parametric study of designing
of the antenna, that only spur lines are responsible for dual
frequency, triangular slot introduces one extra frequency. In
some previous works [15, 16] it has been discussed that with
the incorporation of spur lines microstrip patch antennas res-
onate at lower frequency. Combination of spur lines and strip
loading generate much lower frequency than the frequency
that generated due to spur lines or due to strip loading separ-
ately. The combination of spur lines, strip loading, and the
triangular slot have shown much lower frequency as well as
multi frequency operation, which causes a significant size
reduction.
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Table 1. Performance comparison of proposed antenna with other antenna with respect to compactness, dimension, and multi frequency.

References Dimension in mm* Resonant frequencies Compactness Dielectric Gain (dBi)
(GHz) (%) constant (&,)

(a)

Ref [3] 38 X 30 1.24, 1.468, 2.473, 3.436 85 2.4 2.2, 2, 2.1, 1.5

Ref. [4] 38 X 30 1.74, 2.34 67 2.4 -

Ref. [6] 20 X 20 2.95, 3.48, 6.68 47.4 4.4 4.7, 5.4, 4

Ref. [7] 24 X 22 2.1, 3.33, 7.14 74 4.4 3,33

Ref. [8] 24 X 16 5.2, 5.79 53.7 4.4 1.71, 2.12

Ref. [9] 30 X 20 1.36 90 2.4 -

Ref. [12] 60 X 60 2.45 50 4.4 2

Ref. [13] 47 X 47 3.17 26 4.4 -

Ref. [15] Triangular patch with side 50 mm 1.504 40 4.4 -

Proposed antenna 26 X 14 1.8, 4.7, 5.4 87 3 1.5, 5.8, 6.2

(b)

Ref. [5] 100 X 100 4.22, 5.26 - 3.38 3.5, 4.2

Ref. [10] 30 X 20 2.31, 3.42, 5.44 - 4.4 2.46, 2.45, 3

Ref. [11] 33 x 18 2.5, 3.5, 5.5 - 4.4 —2,15,1

Ref. [14] 38 X 36.5 2.0175, 2.45, 3.5 - 4.4 3.29, 3.01, 8.7

Ref. [16] 38.5 X 28 1.2, 1.883 - 4.4 -

Proposed antenna 26 X 14 1.8, 4.7, 5.4 87 3 1.5, 5.8, 6.2

The performance comparison of the proposed antenna
with some other designed antennas with respect to compact-
ness and antenna dimension are shown in Table 1,
respectively.

Table 1 show that the proposed antenna has not only the
largest compactness with respect to patch dimension but
also it radiates multi frequency. It has been found from the
above comparison that only the antenna designed in the
paper [9] has more compactness but it is designed for single
frequency. Our proposed antenna has maximum compactness
and good gains with acceptable values among all the designed
multi frequency antennas.

. ANTENNA CONFIGURATION
AND DESIGN CONCEPT

The width (W) and the length (L) of reference antenna
(Antenna 1) are calculated from conventional equations dis-
cussed in literature [17].

The length (L) and width (W) of the patch of reference
microstrip antenna (Antenna 1) are 14 and 18 mm, respect-
ively, with substrate (Arlon AD300A) of dielectric constant
g, = 3, thickness & = 1.524 mm, and loss tangent (tand) is
0.002. The ground plane is taken as infinite and microstrip
patch has been fed by coaxial cable at optimum location to
achieve characteristic impedance of 50 (). Figure 1 shows
the schematic of reference patch antenna (Antenna 1).
Figure 2 shows the geometry of reference patch antenna
with spur lines (Antenna 2a). The reference patch antenna
loaded with spur lines and triangular slot (Antenna 2b) is
shown in Fig. 3. Figure 4 shows the schematic of reference
patch with spur lines and single strips (Antenna 2c). The
geometry of reference patch with spur lines and double
strips loading (Antenna 2d) is shown in Fig. 5. The ground
plane is taken as infinite and probe is fed at optimum location
to get impedance matching. The effect of spur lines, triangular
slot and strips loading has been realized individually from
return loss versus frequency graphs of Antenna 2a, Antenna
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2b, Antenna 2¢, and Antenna 2d. Figure 6 shows the geometry
of proposed antenna with triangular slot, spur lines, and strips
loading (Antenna 3). The ground plane is taken as infinite.
The probe is fed at the position shown in the Fig. 2 to get
the optimum impedance matching. The design of the
antenna is vertically symmetrical in nature. The fabricated
Antenna 3 is shown in Fig. 7.

1. EQUIVALENT CIRCUIT

The equivalent circuits of all antennas are shown in Figs 8(a)-
8(f). A conventional microstrip patch antenna can be modeled
as a simple RLC resonant circuit shown in Fig. 8(a). The
values of R, L, and C can be determined by the conventional
formulae given in [18].

After inserting the spur lines into the patch the resonant
features changes as shown in Fig. 8(b). Due to insertion of

w
= | 14mm
J mim = |
Feeding Point O T
4.67 mm
y 4

Fig. 1. Antenna 1 configuration.
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Fig. 2. Antenna 2a configuration.

spur lines one current flows like normal patch in the middle
part of the patch, which represents the initial RLC circuit
and resonates at its initial frequency and at the edge part of
the patch the current has to flow around the spur lines as a
result of increasing the length of the current path, which

can be modeled as an additional series inductance AL, [19].
So the equivalent circuit changes from a single resonant
circuit to a double resonant circuit. The additional resonant
circuit has greater inductance, which results the lower reson-
ant frequency.

l 6.5mm

1mm

T ' 1mm
' r—5—
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Fig. 3. Antenna 2b configuration.
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= 18mm

Fig. 4. Antenna 2c configuration.

Antenna 2b configuration illustrates the patch with spur
line and a triangular notch. The equivalent circuit for
Antenna 2b is shown in Fig. 8(c). The resonant feature also
changes with the incorporation of the triangular notch into
the patch. In this case two currents flow in the patch; one is
normal current that flows for any conventional patch and
another meandered current around the notch and hence the
current path increases [20]. In this case both the electric and
magnetic field discontinuity occur across the notch. So the
effect of notch will be both capacitive and inductive as
shown in Fig. 8(c); these effects are modeled as additional

1mm

Fig. 5. Antenna 2d configuration.
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series inductance AL, and series capacitance AC, to the
equivalent circuit for Antenna 2b.

Antenna 2c¢ configuration shows the patch with spur lines
and a pair of strips. The strip loading affects the electric field
discontinuities mostly over magnetic field discontinuities,
which can be modeled by inserting an additional capacitance
ACs, in parallel with the equivalent circuit of Antenna 2a. The
equivalent circuit for Antenna 2¢ is shown in Fig. 8(d). Due to
this additional capacitance ACs, the total capacitance of the
resonant circuit increases, which results far lower frequency
operation.

2mm Imm

)

12mm
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Fig. 6. Antenna 3 configuration.

Fig. 7. Fabricated Antenna 3 structure.

Similarly another extra strip will introduce another capaci-
tance ACg, in equivalent circuit for Antenna 2d, shown in
Fig. 8(e). This extra capacitive effect again lowers the fre-
quency for Antenna 2d than Antenna 2c.

The proposed Antenna 3 configuration shows the patch
with spur lines, triangular notch and two pair of strips. The
equivalent circuit is shown in Fig. 8(f) where all the effects
of AL,, AL,, AC,, ACs,, and ACs, have been considered,
which causes size reduction and multi frequency operation.

L8
L
© =0
L g R &Ll
o)
R =G = Acz2
E =6 AL1 AL2
o, [ (o}
(a) (b) ()
o
© L
o ]
L i 1 1
I R L1 ——AC51 ——ACsz
R =6 ==AC - 1
a8 §R ——C —=ACsy ACsz ——=Acz
AL1 AL AL2
O o o
(d) (e) (H)

Fig. 8. Equivalent circuit of (a) Antenna 1, (b) Antenna 2a, (c) Antenna 2b, (d) Antenna 2c, (¢) Antenna 2d, and (f) Antenna 3.
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I

L 18mm

Fig. 9. Antenna with spur line, strips, and triangular slot.
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Fig. 10. (a) Frequency and return loss with variation of Lg,. (b) Frequency and return loss with variation of Lg,. (c) Frequency and return loss with variation of Lg;.
(d) Frequency and return loss with variation of Lg,.
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Table 2. Effect of resonant frequency and return loss with the variation of
Ls, where Ly, = 14 mm, Lg; = 12 mm, and L,, = 4 mm (Fig. 9).

Table 3. Effect of resonant frequency and return loss with the variation of
Ls, where L, = 10 mm, Ly; = 12 mm, and L,, = 4 mm (Fig. 9).

L, in mm 1st resonant frequency (GHz) Return loss (dB) L,, in mm 1** resonant frequency (GHz) Return Loss, S11 (dB)
12 1.8 6 16 2 7
11 2 8 14 2.1 14
10 2.1 14 12 2.2 10
9 2.25 16 10 2.33 8
8 2.4 17 8 2.5 6

Bold values are optimum values among the other values of parametric
studies and these bold values have been taken for designing of proposed
antenna.

V. PARAMETRIC STUDY

Huge simulation works are done with the antenna structure
shown in Fig. 9 to find out the dimension of the different para-
meters for the best performance of the designed antenna. The
results of these studies are shown in tables and in graphs
below.

Table 2 and Fig. 10(a) show that the optimum length of Lg,
is 10 mm. Table 3 and Fig. 10(b) show that the optimum

Bold values are optimum values among the other values of parametric
studies and these bold values have been taken for designing of proposed

antenna.

length of L, is 14 mm. Table 4 and Fig. 10(c) show that for
Ls, = 14 mm the results of return loss and the resonant fre-
quency are little better than Lg, = 12 mm but if the bandwidth
is taken into consideration the optimum length of L, will be
12 mm, which has been taken to design the antenna. Table 5
and Fig. 10(d) show that the optimum length of Lg, is 4 mm. It
has also been seen that instead of triangular notch if rectangu-
lar notch is used, the gain for the 2nd resonant frequency of

104 —0— 1st resonant frequency 104 —t— 1st resonant frequency
= =+ - 2nd resonant frequency - -® - 2nd resonant frequency
81 *+-®---3rd resonant frequency 8 -+ % - -3rd resonant frequency
. T R s T = S 1 e et
6 Hmmmmmm e mm e :______"_' """"""" " 6 Mo mm e P i s e -&
______ * B --a-
? 44 !-\ 4 *
& &
= =
E= & = ia
S 3
0-
04
24
-2 4
-4 T Ll Ll T N |l I ’ T ’ T ' T M T
9.0 9.5 10.0 10.5 11.0 12 13 14 15 16
Dimension of L§1 in mm--> Dimension of LS2 in mm-->
(@) (b)
91 —O— 1st resonant frequency
- % - 2nd resonant frequency
8 - ---%---3rd resonant frequency
i [ st i
iy
= 4-
2]
=
&
04
24
I L i ¥ T . T . L
10 11 12 13 14

Dimension of LS3 in mm-->

(c)

Fig. 11. (a) Variation of gain with Lg,. (b) Variation of gain with Lg,. (c) Variation of gain with Lg,.
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Table 4. Effect of resonant frequency and return loss with the variation of 0-
Lg; where Ly, = 10 mm, Ly, = 14 mm, and L, = 4 mm (Fig. 9). A
Lg; in mm 1" resonant Return loss Bandwidth 5d
frequency (GHz) (dB) (MHz, %) X
14 2.05 15 20, 1 i 10 <
12 2.1 1 2,2 m
4 4 = !
10 2.25 9 - =
8 2.35 8 — § 15 -
s | -
Bold values are optimum values among the other values of parametric =
studies and these bold values have been taken for designing of proposed '3' 20 -
antenna. & p
25 4 ----- Simulated
- Measured
Table 5. Effect of resonant frequency and return loss with the variation of 30 T r 1T T rrervr1r —
Lg, where L, = 10 mm, Ly, = 14 mm, and L; = 12 mm (Fig. 9). 0 1 2 3 4 5 6 7
L,, in mm Resonant frequency (GHz) Return loss (dB) Frequency (GHz)-->
3 2.1 5 Fig. 12. Frequency versus return loss graph for Antenna 1.
547 10
6.4 8
4 2.1 14 0 - Vs
5.1 15 4 § i
5.5 13.7 5. o
5 2.1 10 ; I
5 8 A ] |
5.5 12 A 10+ !
% I
Bold values are optimum values among the other values of parametric ~ 1
studies and these bold values have been taken for designing of proposed § 154
antenna. - d
£
S 204 ®
R
& ] —— (Antenna 2a)
- - - (Antenna 2b)
. 254 - (Antenna 2c)
Table 6. Simulated results. --—- (Antenna 2d)
Antenna Resonant Return Bandwidth 30 y ————T—r—T—r—7—r
frequency loss (MHz) (%) 0 1 2 3 4 5 6 7
(GHz) (dB)
Frequency (GHz)-->
Antenna 1 5.7 23.5 182, 3.2
Antenna-2a 3.5 28 18, 0.5 Fig. 13. Simulated frequency versus return loss graph for Antenna 2a,
5.8 15 150, 2.5 Antenna 2b, Antenna 2¢, and Antenna 2d.
Antenna-2b 3.5 18 18, 0.5
5.3 18.3 58,1 0-
587 16 155, 2.6
Antenna-2c 2.5 11 4, 0.16 b
5.7 20 160, 2.8 54 =
Antenna-2d 2.06 12.5 20, 1 i
5.6 20.3 160, 2.9 1
Antenna 3 2.1 14 42, 2 m 10 4
5.1 15 78, 1.5 E r
5.5 13.7 207, 3.7 a 15 4
o
J -
=
5 20 -
ko)
Table 7. Measured results of Antenna 1 and Antenna 3. 14 i
25 = - - Simulated
Antenna  Resonant Frequency Return Loss Bandwidth — Measured
(GHz) (dB) (MHz) (%) 1
30 f+————v——1——1——1——1——
Antenna1 5.6 24 200, 3.57 0 1 2 3 4 5 6 7
Antenna3 1.8 16 70, 3.9
4.7 17 90, 1.9 Frequency (GHz)-->
5.4 15 90, 1.67

Fig. 14. Frequency versus return loss graph for proposed Antenna 3.
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(b) Antenna 3 at 1.8 GHz, (¢) 4.7 GHz, and (d) 5.4 GHz.
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17. Radiation efficiency of Antenna 3.
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Fig. 18. Directivity of Antenna 3.

the antenna drastically falls to 1 dBi from 5 dBi. The result of
return loss is poor for rectangular notch.

The gain variation of the antenna, shown in Fig. 9, with
spur line length and strip lengths are shown in Figs 11(a)-
11(c). It has been found that length of the spur lines as well
as strip lines, which are taken for designing the proposed
antenna are optimal.

V. RESULTS AND DISCUSSION

The return losses of all antennas were studied using method of
moment-based commercially available software (IE3D) and
return losses of all fabricated antennas were studied using
vector network analyzer. The simulated results are shown in
Table 6.

The measured results of Antenna 1 and proposed Antenna
3 are shown in Table 7.

The simulated and measured frequency versus return loss
graphs for reference Antenna 1 is shown in Fig. 12 and the
simulated frequency versus return loss graphs for Antenna
2a, Antenna 2b, Antenna 2¢, and Antenna 2d are shown in
Fig. 13. The simulated and measured frequency versus
return loss graphs for Antenna 3 is shown in Fig. 14.

The simulated and measured radiation pattern for Antenna
1 and proposed antenna 3 are shown in Fig. 15. The simulated
and measured gain, simulated radiation efficiency and direc-
tivity of proposed Antenna 3 are shown in Figs 16-18. The
measured gain of the proposed Antenna 3 for frequencies
1.8, 4.7, and 5.4 GHz are 1.5, 5.8, and 6.2 dBi, respectively.
Directivity and radiation efficiency (Simulated) at the fre-
quencies 2.1, 5.1, and 5.5 GHz are 5, 6.8, 7.1 dBi, and 37, 81,
and 84%, respectively.

VI. CONCLUSION

New antenna structures with spur lines and strip loading have
been studied in this paper. Due to incorporation of spur lines
the current line paths have been lengthening, which causes
lower frequency operation. Inserting triangular slot an add-
itional resonating frequency has been obtained in addition
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to two frequencies, which have been found due to insertion
of spur line only. Due to slot loading, capacitive loading has
been increased, which has led to further frequency reduction.
From the results of parametric study the optimum value of the
length and width of strip and spur lines have been taken by
considering the resonant frequency, return loss and gain to
design the proposed antenna in this paper. Conventional
Antenna 1 and proposed Antenna 3 have been simulated
with the help of method of moment-based commercially avail-
able software (IE3D) and fabricated. The measured results
have been compared with the simulated results and measured
results have been found almost same with the simulated one.
Multi frequency operation as well as size reduction of about
87% has been seen in Antenna 3, with respect to the patch
antenna whose dimension is equivalent to the patch antenna
with strip lines. The proposed antenna may be suitable for
some wireless communication systems such as PCS (1.75-
1.87 GHz), INSAT system (4.5-4.8 GHz), and WiMAX
(5.25-5.85 GHz).
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