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Triple band circularly polarized compact
microstrip antenna with defected ground
structure for wireless applications

MUKESH KUMAR KHANDELWAL', BINOD KUMAR KANAUJIA®, SANTANU DWARI', SACHIN KUMAR”

AND ANIL KUMAR GAUTAM®

Asymmetric slits loaded irregular shaped microstrip patch antenna with three different ground structures is proposed. All
three antennas show triple band characteristics. First antenna with regular ground plane resonates at 1.95, 2.4, and
4.90 GHz with good radiation characteristics and shows right-hand circular polarization at 1.95 GHz. 18.75% of compactness
is achieved with triple band characteristics. Further, same patch is used with different defected ground structures. Second
antenna resonates at 1.85, 2.4, and 4.85 GHz with suppressed cross-polarization level and antenna shows right-hand circular
polarization at 1.85 and 4.85 GHz. Compactness is further improved to the value of 22.91%. The third antenna resonates at
1.95, 2.4, and 4.85 GHz with better gain and radiation characteristics and antenna shows right-hand circular polarization at
1.95 and 2.4 GHz. The small frequency ratio f,/f, is achieved and the value of f,/f, is 1.29 and 1.23 for second and third con-
figuration, respectively. Proposed structures show right-hand circularly polarized with suppressed left-hand circularly polar-
ized radiations and suitable for fixed mobile wireless communication applications. All structures are analyzed using Ansoft
HFSS v.14 based on finite element method and measured results satisfy the simulated results.

Keywords: Triple band, Circular polarization, Defected ground structure, Microstrip patch antenna

Received 5 September 2014; Revised 29 January 2015; Accepted 30 January 2015; first published online 12 March 2015

. INTRODUCTION

Microstrip antennas are earning major consideration for
modern wireless communication due to their several advan-
tages like low profile, light weight, easy fabrication, and
MMIC (Monolithic Microwave Integrated Circuit) com-
patibility [1, 2]. With the rapid development of wireless
communication, modern transceiver systems need compact
multiband antenna with excellent radiation characteristics.
These antenna acts as an alternative for two or more separate
antennas thus miniaturizing operating equipments. Several
designs have been proposed as multiband antennas [3-7]. A
design of the band-rejected function has been proposed by
inserting the strips on a wideband antenna [4]. A trapezoidal
ground plane also has been used for the WLAN/WiMAX
applications [5]. Multiband has been achieved using defected
ground structure (DGS) [3-6]. Triple band has been achieved
in monopole microstrip antenna using DGS [8]; however, it
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shows a quite high level of cross-polarization. DGS has been
gained a lot of attraction of researchers for improving the defi-
ciencies of conventional microstrip patch antenna (MPA), i.e.
narrow bandwidth, single operating frequency, low gain,
cross-polarized radiation, etc. [9-19]. The cross-polarized
radiation has been theoretically studied in [9-10]. The sup-
pression of cross-polarized radiations has been reported
using DGS [9-11]. A suppression of 5 dB in cross-polarization
level has been achieved using dot shaped defects in ground
plane [9], and improved to the value of 10-12 dB using arc-
shaped DGS [10]. Theoretical analysis has been reported for
the microstrip-line fed DGS antenna and isolation of 35 dB
is achieved between co-polar and cross-polarization level [11].

Latest communication devices should be versatile thus
requires circularly polarized microstrip antennas. Circularly
polarized antenna provides a powerful modulation scheme
in active microwave systems [20, 21]. Circular polarization
(CP) also combats multipath fading by introducing polariza-
tion diversity in radio propagation environment [22] Single
feed cross slot loaded circularly polarized compact microstrip
antenna has been proposed [23]; however, it operates at single
frequency. Multiband microstrip antennas with CP also have
been reported [24-29].

In this paper, triple band compact MPA is proposed.
Asymmetric slits are integrated to achieve the CP at first oper-
ating frequency. Further, ground plane is made defected to
achieve the CP at other two frequencies. Three antenna
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Fig. 1. Structure of the proposed antenna Ant1 (without DGS); (a) schematic, (b) top view, (c) bottom view.

structures with different ground shapes are proposed. Frequency
dependent design equations for the defected ground plane are
presented. Cross-polarization level is suppressed using DGS.
The proposed structure is simulated and optimized using
finite element method (FEM) based simulator Ansoft HFSS
v.14 [30]. Antennas are fabricated on FR-4 epoxy substrate.
The experimental results show good agreement with simulated
results.
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. ANTENNA CONFIGURATION
AND DESIGN

In this section, the designs of proposed antennas are
described. Figure 1(a) shows the schematic of the proposed
antenna with regular shaped ground plane and antenna is
referred as Ant1. A circular patch of radius R, is combined
with a square patch of dimension 2l x 2I. The centers of

Fig. 2. Structure of the proposed antenna Ant2 (with trapezoidal shaped DGS); (a) schematic, (b) top view of fabricated Ant2, (c) bottom view of fabricated Ant2.
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P
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Fig. 3. Structure of the proposed antenna Ant3 (with DGS); (a) schematic, (b) top view of fabricated Ant3, (c) bottom view of fabricated Ant3.

Table 1. Design specifications.

Parameter (mm) Parameter (mm) Parameter (mm) Parameter (mm)
I, 10.69 Wy 1 Wy 15.63 R, 16.50
L 10.30 w, 8 w, 7.82 L, 28.27
Iy 6.23 w, 8.35 S 5 L, 43.73
I 15 w; 25.40 w 0.3 L, 61.85

square and circle are coinciding and all four corners of the
square are circularly truncated with arc of radius S. Circular
patch is further truncated with two rectangles by the distance
of w from horizontal sides of the square. Further, six slits of
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Fig. 4. Simulated and measured S11 variations with frequency of Antu.
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width w, are embedded in the structure. [, [, and ; is the
length of the horizontal, vertical, and diagonal slits. Antenna
is fed with a coaxial probe at the location of A. Ant1 has
regular ground plane of the 46 x 46 mm™.
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Fig. 5. Simulated and measured S11 variations with frequency of Anto.
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Fig. 6. Simulated and measured S11 variations with frequency of Ant3.
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Fig. 7. Simulated and measured Axial Ratio variations with frequency of Ant1
(without DGS).
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Fig. 8. Simulated and measured Axial Ratio variations with frequency of Ant2
(with trapezoidal shaped DGS).

Further, same patch is proposed with a DGS and a trapez-
oidal shaped ground plane is used with coaxial probe feed. The
proposed structure with trapezoidal shaped ground plane is
referred as Ant2. The schematic of the Ant2 is shown in

https://doi.org/10.1017/51759078715000288 Published online by Cambridge University Press
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Fig. 9. Simulated and measured Axial Ratio variations with frequency of Ant3
(with DGS).
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Fig. 10. Simulated and measured Antenna Gain variations with frequency of
Anti.

Fig. 2(a). The inclined length of trapezoidal is (L,—L,) and
trapezoidal ground is located at the position of L, from the
left-bottom corner of the substrate. The length (L,—L,) is
taken as the quarter wavelength at third resonant frequency
of Ant2.

c
v v

where, ¢, A;,, and f;, are the speed of light in free space, wave-
length, and third resonant frequency of Ant2, respectively.

The bigger parallel length of trapezoidal ground
(L; = L,+/2) is taken same as the wavelength at third resonant
frequency.

C
Ny =— = L,v/2.

L, = =
3 f32

(2)

Further, same patch is proposed with deferent shaped DGS
and antenna is referred as Ant3. The schematic of Ant3 is
shown in Fig. 3(a). A square ring with cross-rectangular
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Fig. 11. Simulated and measured Antenna Gain variations with frequency of
Ant2.
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Fig. 12. Simulated and measured Antenna Gain variations with frequency of
Ant3s.

strips is used as ground plane and rotated at an angle of 45°.
The dimension of outer square of square ring is W, x W,. A
square slot of dimension W, x W, is integrated at the center

of the square. Four strips of width W, is attached with square
ring at an angle of 45° and placed with a distance W, from the
corner of square ring. The length W and W, is taken as the
multiple of quarter wavelength at second resonance of Ant3.

A c

Wy=-2=——.
=8 T s (3)

w. A c

W, = — =23 _ .
A 16 16.f (@)
The radius of circular patch R, is determined as [1]
F

Re = (5)

n 50h ) 7F N p 2’

1 n|— 1.772

e, F soh 77

where, h and &, is the thickness and dielectric constant of the
substrate respectively. And F is

8.791 X 10°

N

where, f; is the designing frequency of the structure.
The dimension of the square patch is calculated as [1]

F =

2., =

N ©)
2 faer

where, c is the speed of light in free space. The designing fre-
quency f, is considered as 2.4 GHz for both the circular and
square patch.

. RESULTS AND DISCUSSION

A FR-4 epoxy substrate of dimension 46 x 46 x 1.6 mm? is
used to fabricate all the three antennas. Fabrication is done
by standard photolithography process. The dielectric constant
€, loss tangent tand, and height h of the substrate are
4.4, 0.002, and 1.6 mm, respectively. The detailed dimensions

Table 2. Result analysis of Ant1.

947

Freq (GHz) S,. (dB) Gain (dBi) Acxial ratio (dB)

Simulated Measured Simulated Measured Simulated Measured
1.95 —24.53 —19.00 5.53 4.03 0.39 0.89
2.4 —14.54 —14.30 4.54 4.79 - -
4.9 —23.25 —21.74 4.25 3.84 - -

Table 3. Result analysis of Ant2.

Freq (GHz) S,. (dB) Gain (dBi) Axial ratio (dB)

Simulated Measured Simulated Measured Simulated Measured
1.85 —25.36 —17.71 5.08 4.56 0.15 1.05
2.4 —17.38 —14.94 4.58 4.29 - -
4.85 —22.12 —21.47 5.32 5.13 1.02 1.82
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Table 4. Result analysis of Ant3.

Freq (GHz) S,, (dB) Gain (dBi) Axial ratio (dB)
Simulated Measured Simulated Measured Simulated Measured
1.95 —23.56 —18.20 5.42 5.06 0.33 1.46
2.4 —15.55 —11.60 5.25 4.95 0.49 1.54
4.85 —22.71 —20.60 5.21 4.86 - -

of proposed structures are listed in Table 1. The fabricated
antennas are shown in Figs 1, 2, and 3. A 50-) SMA connect-
or is used to feed the structure. The proposed antennas are
analyzed using Ansoft HFSS v.14 [30] based on FEM.

The return loss of the fabricated antennas is measured on
Agilent™ Network Analyzer PNA-L Series. The S,, variation
with frequency of Ant1, Ant2, and Ant3 are shown in Figs 4, 5,
and 6, respectively. By integrating the slits with combined
shape of circular and square patch, the current path of the
patch is increased and Ant1 resonates at frequencies 1.95,
2.4, and 4.9 GHz. The return loss level of Ant1 at these fre-
quencies is 24.53, 14.54, and 23.25 dB, respectively. Small fre-
quency ratio f,/f, of the value of 1.23 is achieved. A
compactness of 18.75% with triple band characteristics is
achieved with respect to design frequency. Ant2 resonates at
frequencies 1.85, 2.4, and 4.85 GHz. Compactness is further
improved to the value of 22.91%. The return loss level of
Ant2 at these frequencies is 25.36, 17.38, and 22.12 dB,
respectively. The return loss level of Ant3 is 23.56, 15.55,
and 22.71 dB at frequencies 1.95, 2.4, and 4.85 GHz,
respectively.

Ant1 shows the right-hand circularly polarized (RHCP)
characteristics at frequency 1.95 GHz. Figure 7 shows the
axial ratio plot with resonant frequency of Anti. The axial
ratio of the Ant1 at 1.95 GHz is measured as 0.89 dB. Ant2
shows the RHCP characteristics at 1.85 and 4.85 GHz. The
length L, and the distance (L,—L,) between parallel lines of

----- Co-Polar Simulated

(a)

the trapezoidal shaped ground plane are taken as the wave-
length and quarter wavelength at frequency 4.85 GHz,
respectively. These parameters of Ant2 are responsible for
the CP at frequency 4.85 GHz. Figure 8 shows the axial ratio
plot with resonant frequency of Ant2. The axial ratio of the
Ant2 is measured as 1.05, and 1.82 dB at the frequencies
1.85 and 4.85 GHz, respectively. Figure 9 shows the axial
ratio plot with resonant frequency of Ant3. Ant3 shows the
RHCP characteristics at frequencies of 1.95 and 2.4 GHz.
The length W and W, of the ground plane of Ant3 is taken
as A/8 and A/16 at frequency 2.4 GHz respectively. Thus,
results in CP characteristics at frequency 2.4 GHz. The axial
ratio of the Ant3 is measured as 1.46, and 1.54 dB at the fre-
quencies 1.95 and 2.4 GHz, respectively.

Figures 10, 11, and 12 shows the gain characteristics of the
proposed Ant1, Ant2, and Ant3 respectively. All three anten-
nas show good radiation characteristics. Ant1 shows the gain
of 5.53, 4.54, and 4.25 dBi at frequencies 1.95, 2.4, and
4.9 GHz, respectively. Ant2 shows the gain of 5.08, 4.58, and
5.32 dBi at frequencies 1.85, 2.4, and 4.85 GHz, respectively.
Ant3 shows the gain of 5.42, 5.25, and 5.21 dBi at frequencies
1.95, 2.4, and 4.85 GHz, respectively. Tables 2, 3, and 4 give a
comparative data of Ant1, Ant2, and Ant3.

Figures 13(a) and 13(b) show the co-polar and cross-polar
radiation pattern of Anti (without DGS) at resonant
frequency 1.95 GHz in E-plane and H-plane, respectively.
The Ant1 shows RHCP behavior at frequency 1.95 GHz and

(b)

Fig. 13. Simulated and measured co-polar and cross-polar radiation pattern of Ant1 (without DGS) at frequency 1.95 GHz, (a) E-plane, (b) H-plane.
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Fig. 15. Simulated and measured co-polar and cross-polar radiation pattern of Ant2 (with trapezoidal shaped DGS) at frequency 1.85 GHz, (a) E-plane, (b) H-plane.

cross-polarization is considered as left-hand circularly polar-
ized (LHCP). The LHCP level of Ant1 (without DGS) is
about —16 and —15 dB at frequency 1.95 GHz in E-plane
and H-plane, respectively. The co-polar and cross-polar radi-
ation pattern of Ant1 (without DGS) at frequency 4.9 GHz in
E-plane and H-plane is shown in Figs 14(a) and 14(b),
respectively.

The cross-polarization level of Ant1 at frequency 4.9 GHz
is about —24 dB in both E-plane and H-plane shown in Figs

https://doi.org/10.1017/51759078715000288 Published online by Cambridge University Press

14(a) and 14(b), respectively. The radiation patterns of all
three antennas at frequency 2.4 GHz are almost identical to
the radiation patterns at third resonant frequency correspond-
ingly. Thus, radiation patterns at frequency 2.4 GHz are not
shown in this paper.

The co-polar and cross-polar radiation pattern of Ant2
(with trapezoidal shaped ground plane) at resonant frequen-
cies 1.85 and 4.85 GHz is shown in Figs 15 and 16, respectively.
By using trapezoidal shaped defected ground plane, the
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Fig. 16. Simulated and measured co-polar and cross-polar radiation pattern of Ant2 (with trapezoidal shaped DGS) at frequency 4.85 GHz, (a) E-plane, (b) H-plane.

32.00

46.00

Fig. 17. Simulated and measured co-polar and cross-polar radiation pattern of Ant3 (with DGS) at frequency 1.95 GHz, (a) E-plane, (b) H-plane.

cross-polarization level is suppressed to the value of —24 dB in
both E-plane and H-plane at resonant frequency 1.85 GHz
shown in Figs 15(a) and 15(b), respectively. The cross-
polarization level of Ant2 at frequency 4.85 GHz is about
—28dB in both E-plane and H-plane shown in Figs 16(a)
and 16(b), respectively.

https://doi.org/10.1017/51759078715000288 Published online by Cambridge University Press

The co-polar and cross-polar radiation pattern of Ant3 at
resonant frequencies 1.95 and 4.85 GHz is shown in Figs 17
and 18, respectively. The cross-polarization level is further
suppressed to the value of —28 dB in both E-plane and
H-plane at resonant frequency 1.95 GHz. At frequency
4.85 GHz the cross-polarization level of Ant3 is suppressed
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(b)

Fig. 18. Simulated and measured co-polar and cross-polar radiation pattern of Ant3 (with DGS) at frequency 4.85 GHz, (a) E-plane, (b) H-plane.

to the value of —38 dB in both E-plane and H-plane, shown in
Figs 18(a) and 18(b), respectively.

IvV. CONCLUSION

Asymmetric slits loaded and corner truncated irregular
shaped MPA with and without DGS is designed and fabri-
cated. By integrating the slits compactness of 18.75% with
triple band characteristics and small frequency ratio f,/f, of
the value of 1.23 is achieved. Ant1 without DGS resonates at
three frequencies 1.95, 2.4, and 4.9 GHz with antenna gain
of 5.53, 4.54, and 4.25 dBi respectively. Ant1 shows RHCP
at frequency 1.95 GHz. Further, same patch is used with trap-
ezoidal shaped DGS and Ant2 resonates at 1.85, 2.4, and
4.85 GHz with antenna gain of 5.08, 4.58, and 5.32 dBi,
respectively. Compactness is further improved to the value
of 22.91% and antenna shows the RHCP at frequencies 1.85
and 4.85 GHz. By using trapezoidal shaped DGS cross-
polarization level is suppressed to the value of —24 and
—28dB in both planes at resonant frequencies 1.85 and
4.85 GHz, respectively. Further, same patch is used with dif-
ferent shaped DGS and Ant3 shows resonance at frequencies
1.95, 2.4, and 4.85 GHz with antenna gain of 5.42, 5.25, and
5.21 dBi, respectively. Ant3 shows RHCP characteristics at
frequencies 1.95 and 2.4 GHz with the axial ratio of the
value of 1.46 and 1.54 dB respectively. Cross-polarization
level is further suppressed to the value of —28 and —38 dB
in both planes at resonant frequencies 1.95 and 4.85 GHz,
respectively. Thus, all three proposed antennas are suitable
for modern wireless applications due to their compact size,
minimum return loss level, good antenna gain, and circular
polarization characteristics with suppressed cross-polarization
level.

https://doi.org/10.1017/51759078715000288 Published online by Cambridge University Press

REFERENCES

[1

Garg, R;; Bhartia, P.; Bahl, I. and Ittipiboon, A.: Microstrip Antenna
Design HandBook, Artech House, Norwood, MA, 2001.

[2] Lo, Y.T.; Solomon, D. and Richards, W.F.: Theory and experiment
on microstrip antennas. IEEE Trans. Antennas Propag., 27 (1979),
137-145.

Liu, HW.; Ku, C.H. and Yang, C.F.: Novel CPW-fed planar mono-
pole antenna for WiMAX/WLAN applications. IEEE Antennas
Wirel. Propag. Lett., 9 (2010), 240-243.

[3

Chen, W.S. and Ku, K.Y.: Band-rejected design of the printed open
slot antenna for WLAN/WiMAX operation. IEEE Trans. Antennas
Propag., 56 (2008), 1163-1169.

[4

v

Thomas, K. G. and Sreenivasan, M.: Compact triple band antenna
for WLAN/ WiMAX applications. Electron. Lett, 45 (2009),
811-813.

[6

Pei, J.; Wang, A.G; Gao, S. and Leng, W.: Miniaturized triple band
antenna with a defected ground plane for WLAN/WiMAX applica-
tions. IEEE Antennas Wirel. Propag. Lett, 10 (2011), 298-301.

[7] Mehdipour, A.; Sebak, A.R; Trueman, C.W. and Denidni, T.A.:

Compact multiband planar antenna for 2.4/3.5/5.2/5.8-GHz wireless
applications. IEEE Antennas Wirel. Propag. Lett, 11 (2012)
144-147.

[8

Liu, W.C; Wu, CM. and Dai, Y.: Design of triple-frequency
microstrip-fed monopole antenna using defected ground structure.
IEEE Trans. Antennas Propag., 59 (2011), 2457-2463.

<

Guha, D.; Biswas, M. and Antar, Y.M.M.: Microstrip patch antenna
with defected ground structure for cross polarization suppression.
IEEE Antennas Wirel. Propag. Lett., 4 (2005), 458-455.

[10] Guha, D; Kumar, C. and Pal, S.: Improved cross-polarization
characteristics of circular microstrip antenna employing arc-shaped
defected ground structure. IEEE Antennas Wirel. Prop. Lett., 8
(2009), 1367-1369.

951


https://doi.org/10.1017/S1759078715000288

952

MUKESH KUMAR KHANDELWAL ET AL.

[11] Khandelwal, M.K,; Kanaujia, B.K.; Dwari, S.; Kumar, S. and Gautam,
AK.: Analysis and design of wide band Microstrip-line-fed antenna
with defected ground structure for Ku band applications. Int. J.
Electron. Commun., 68 (2014), 951-957.

[12] Gautam, A.K. and Kanaujia, B.K.: A novel dual-band asymmetric slit
with defected ground structure for circular polarization operation.

Microw. Opt. Technol. Lett., 55 (2013), 1201-1198.

Jan, ].Y. and Su, J.W.: Bandwidth enhancement of a printed wide-slot
antenna with a rotated slot. IEEE Trans. Antennas Propag., 53
(2005), 2111-2114.

[13

Khandelwal, M.K;; Kanaujia, B.K. and Gautam, A.K.: Low profile
UWB log-periodic dipole antenna for wireless communication
with notched band. Microw. Opt. Tech. Lett., 55 (2013), 2901-2906.

[14]

Dwari, S. and Sanyal, S.: Compact sharp cutoff wide stopband
low-pass filter using defected ground structure and spurline.
Microw. Opt. Tech. Lett., 48 (2006), 1871-1873.

[16] Dwari, S. and Sanyal, S.: Compact wide stopband low-pass filter
using rectangular patch compact microstrip resonator cell and
defected ground structure. Microw. Opt. Tech. Lett., 49 (2007),

798-800.

Dwari, S. and Sanyal, S.: Size reduction and harmonic suppression of
microstrip branch-line coupler using defected ground structure.
Microw. Opt. Tech. Lett., 48 (2006), 1966-1969.

[17]

[18] Dwari, S. and Sanyal, S.: Compact sharp cutoff wide stopband micro-
strip low-pass filter using complementary split ring resonator.

Microw. Opt. Tech. Lett., 49 (2007), 2865-2867.

Caloz, C.; Okabe, H.; Iwai, T. and Itoh, T.: A simple and accurate
model for microstrip structures with slotted ground plane. IEEE
Microw. Wirel. Compon. Lett., 14 (2004), 133-135.

[19]

Godara, L.C.: Handbook of Antennas in Wireless Communications,
CRC Press, Boca Raton, 2002.

[21] Vaughan, R. and Andersen, J.: Antenna diversity in mobile commu-
nications. IEEE Trans. Veh. Technol., 36 (1987), 149-172.

(8]
D,

Skriverik, A.K.; Zurcher, J.F.; Staub, O. and Mosig, J.R.: PCS antenna
design: the challenge of miniaturization. IEEE Antennas Propag.
Mag., 43 (2001), 12-27.

Kumar, S; Kanaujia, B.K; Sharma, A.; Khandelwal, M.K. and
Gautam, AK.: Single-feed cross-slot loaded compact circularly
polarized microstrip antenna for indoor WLAN applications.
Microw. Opt. Tech. Lett., 56 (2014), 1313-1317.

[23]

Hsieh, K.B.; Chen, M.H. and Wong, K.L.: Single-feed dual-band cir-
cularly polarized microstrip antenna. Electron. Lett., 34 (1998),
1170-1171.

[25] Yang, K.P. and Wong, K.L.: Dual-band circularly-polarized square
microstrip antenna. IEEE Trans. Antennas Propag., 49 (2001),
377-382.

[26] Liao, W. and Chu, Q.X.: Dual-band circularly polarized stacked
square microstrip antenna with small frequency ratio. J.

Electromagn. Waves Appl., 24 (2010), 1599-1608.

[27] Karmakar, N.C. and Bialkowski, M.E.: Circularly polarized aperture-
coupled circular microstrip patch antennas for L-band applications.

IEEE Trans. Antennas Propag., 47 (1999), 933-940.

[28

Ferrero, F.; Luxey, C.; Jacquemod, G. and Staraj, R.: Dual-band cir-
cularly polarized microstrip antenna for satellite applications. IEEE
Antennas Wirel. Propag. Lett., 4 (2005), 13-15.

Falade, O.P.; Rehman, M.U.; Gao, Y.; Chen, X. and Parini, C.G.:
Single feed stacked patch circular polarized antenna for triple band
GPS receivers. IEEE Trans. Antennas Propag., 60 (2012), 4479-4484.

[29]

[30] High Frequency Structure Simulator (HFSS) Ansoft, ver. 14.

https://doi.org/10.1017/51759078715000288 Published online by Cambridge University Press

Mukesh Kumar Khandelwal received
his B. Tech. degree in Electronics and
Communication Engineering in 2010
and M. Tech. degree in Digital Commu-
nication in 2012 from GGSIP Univer-
sity, Delhi, India. He has published
seven research papers in referred Inter-
national Journals and two in Inter-
national conferences. His current
research interests focus on microstrip antennas, defected
ground structure, and microwave component.

Binod Kumar Kanaujia presently is
working as Associate Professor in
Department of Electronics and Commu-
nication Engineering in Ambedkar
Institute of Advanced Communication
Technologies and Research, (formerly
Ambedkar Institute of Technology)
Geeta Colony, Delhi and served on vari-
ous key portfolios, i.e. Head of Depart-
ment of E&CE from February 21, 2008 to August 05, 2010
and August 17, 2012 to June 5, 2014. He has also served as
the Head of office of this institute since 09 Aug 2008 to 03
May 2013 and continuously exploring for good administra-
tion in the institute. In-charge Central Library from March
2008 to Aug 2010. He under took to modernize and upgrade
the Library with the introduction of fully automatic book issue
and receiving, on-line journal, on-line retrieval of catalogue of
the Library and establishment of E-Library. Dr. Kanujia joined
this institute as Assistant Professor, Electronics and Commu-
nication Engineering in Jan 2008 through selection by Union
Public Service Commission New Delhi. Before joining this
institute he has served in the M. J. P Rohilkhand University,
Bareilly as Reader from February 26, 2005 to January 3o,
2008 and Lecturer from June 25, 1996 to February 25, 2005
in the Department of Electronics and Communication Engin-
eering and also served as the Head of Department E&CE from
July 25, 2006 to January 30, 2008. He has been an active
member of Academic Council and Executive Council of the
M J P Rohilkhand University and played a vital role in the aca-
demic reforms. Prior to his career in the academics, Dr. Ka-
naujia has worked as Executive Engineer in the R&D
division of M/s UPTRON India Ltd. Dr. Kanaujia has com-
pleted B. Tech. in Electronics Engineering from KNIT Sultan-
pur, India in 1994. He did M. Tech. and Ph.D. in 1998 and
2004 from Electronics Engineering Department IIT BHU
Varanasi, respectively. He has been awarded Junior Research
fellow by UGC Delhi in the year 2001-02 for his outstanding
work in his field. His has keen research interest in design and
modeling of Microstrip Antenna, Dielectric Resonator
Antenna, Left Handed Metamaterial Microstrip Antenna,
Shorted Microstrip Antenna, Ultra Wide Band Antennas,
Reconfigurable and Circular Polarized Antenna for Wireless
Communication, etc. He has been credited to publish more
than 105 research papers with more than 200 citations with
h-index 10 in peer-reviewed journals and conferences. He
has already supervised 45 M. Tech. and 03 Ph.D. Research
scholars for award of Post Graduate (M. Tech.) and Doctoral
degree, respectively, in the area of Microwave Engineering. He
is presently supervising six research scholars for Ph.D. degree.


https://doi.org/10.1017/S1759078715000288

TRIPLE BAND CIRCULARLY POLARIZED COMPACT MICROSTRIP ANTENNA WITH DGS FOR WIRELESS APPLICATIONS

He is reviewer for research papers of several International
Journals of repute, i.e. IET Microwaves, Antennas and Propa-
gation (UK), IEEE Antenna and Wireless Propagation Letters
(USA), Wireless Personal Communications (springer), Jour-
nal of Electromagnetic Wave and Application, Indian Journal
of Radio and Space Physics (India), IETE Technical Review,
International Journal of Electronics (UK), International Jour-
nal of Engineering Science, IEEE Transaction on Antenna and
Propagation (USA), International Journal of Electronics and
Communication Elsevier, International Journal of Microwave
and Wireless Technologies (USA), etc. Dr. Kanaujia has exe-
cuted more than o4 research projects successfully sponsored
by DRDO, DST, AICTE, ISRO agencies of Government of
India. He is member of several academic and professional
bodies, i.e. Member of IEEE, Life members of the Institution
of Engineers (India), Indian Society for Technical Education
and the Institute of Electronics and Telecommunication Engi-
neers of India.

Santanu Dwari was born in Howrah,
West Bengal, India. He received his B.
Tech and M. Tech degrees in Radio
Physics and Electronics from University
of Calcutta, Kolkata, West Bengal, India
in the year of 2000 and 2002, respective-
ly, and Ph.D. degree from Indian Insti-
tute of Technology, Kharagpur, West
Bengal, India in the year of 2009. He
joined Indian School of Mines, Dhanbad, Jharkhand, India
in 2008 where he is currently an Assistant Professor in the
Department of Electronics Engineering. He has published 21
research papers in referred International Journals and confer-
ences. He is carrying out two sponsored research project as
Principal Investigator. His research interest includes Anten-
nas, RF planar circuits, and Computational Electromagnetics.

Sachin Kumar received his B. Tech.
degree in Electronics and Communica-
tion Engineering in 2009 and M. Tech
degree in Digital Communication in
2011 from Ambedkar Institute of Tech-
nology, Delhi, India. Currently, he is
working toward his Ph.D. Degree in
the field of Microwave Engineering
from GGSIP University, Delhi, India.
His current research interests focus on microstrip antennas,
as well as wireless communication.

https://doi.org/10.1017/51759078715000288 Published online by Cambridge University Press

A. K. Gautam was born in NOIDA,
Uttar Pradesh, India. He received the
B.E. degree in Electronics and Commu-
nication Engineering from Kumaon
Engineering College, Almora, India
and the Ph.D. degree in Electronic
Engineering from Indian Institute of
Technology, Banaras Hindu University,
Varanasi, India, in 1999 and 2007,
respectively. He joined the Department of Electronics and
Communication Engineering, G B Pant Engineering College,
Pauri Garhwal, India, in 2000, as an Assistant Professor and
he has been an Associate Professor there since 2009. He is
an active member of Board of study, Academic council and
many other academic committees of GBPEC, Pauri. He is
also member of BOS of HNB Garhwal Central University,
INDIA and Uttarakhand Technical University, Dehradun,
INDIA. He is nominated as Nodal Officer, TSP and SCSP
Grants by Government of Uttarakhand and executed several
projects under these grants. He has supervised 15 M. Tech.
and o1 Ph.D. Thesis and currently supervising o9 Ph.D.
theses in the area of microstrip antenna. He is the author/
coauthor of more than 60 research papers published in the ref-
ereed international journals and conferences like IEEE, Micro-
wave and optical Technology Letters, Springer, etc. He is the
author of the 12 books in the field of Electronics Engineering
in the field of Digital Electronics, Antenna and Microwave
Engineering. He is a member of IEEE (USA) and many
other technical societies. He is also in reviewers panel of
IEEE, Transaction on Antenna and Propagation, IET Micro-
waves, Antennas and Propagation, Personal and wireless com-
munication, Springer, International Journal of Electronics,
International Journal of Antenna and Propagation. His main
research interests are in design and modeling of active micro-
strip antenna, microstrip antennas with defected ground
structure, ultra wide bandwidth antennas, and reconfigurable
antennas, reconfiguration antenna array, circular polarized
antenna, etc.

953


https://doi.org/10.1017/S1759078715000288

	Triple band circularly polarized compact microstrip antenna with defected ground structure for wireless applications
	INTRODUCTION
	ANTENNA CONFIGURATION AND DESIGN
	RESULTS AND DISCUSSION
	CONCLUSION


