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Abstract: In this paper a new structure of multiband micro strip patch antenna is designed and analysed. The proposed micro strip patch antenna is 
designed with H-shaped slot. The proposed micro strip patch antenna with H-shape slot is results in dual frequency band Ist band at 2.42Ghz and 
another at 3.59Ghz. The proposed patch antenna is further modified by introducing double I shaped slots. The modified antenna results in three 
frequency bands Ist at 2.44Ghz, IInd at 3.54Ghz and IIIrd at 5.37Ghz. Also the radiation characteristics, such as, return loss, VSWR, input impedance, 
radiation patterns and the surface current densities have been introduced and discussed. The proposed and modified micro strip patch antenna is 
designed on FR4 substrate that having dielectric constant 4.4. of thickness 1.50mm.  Design results are obtained by a HFSS (High Frequency Structure 
Simulator) which is used for simulating microwave passive components.     
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INTRODUCTION 
 
Antennas play a very important role in the field of wireless communications. Different types of antennas are Parabolic Reflectors, 
Patch Antennas, Slot Antennas, and Folded Dipole Antennas. All type of antenna is good in their own properties and usage. Hence 
antennas are almost everything in the wireless communication without which the world could have not reached at this advance age of 
technology  
 
In today’s world the role of microstrip patch antennas is a very significant in the field of wireless communication systems. Construction 
of a microstrip patch antenna [1] is very simple using a conventional Microstrip fabrication technique. Microstrip patch antennas with 
rectangular and circular patch are most commonly used antnnas. These patch antennas are used as simple and for the widest and most 
demanding applications. Dual characteristics, circular polarizations, dual frequency operation, frequency agility, broad band width, 
feed line flexibility, beam scanning can be easily obtained from these patch antennas. The Microstrip antennas are very popular based 
on their applications. This antenna has some Merits and De-merits as any other. The merits of these antennas have some similarities as 
of the conventional microwave antennas, as these cover a broader range of frequency from 100 MHz to 100 GHz, same is the case with 
these Microstrip antennas. Some merits of these Microstrip antennas are Low weight, low volume and thin profile configurations 
which can be made conformal [1]. Low fabrication cost, readily available to mass production. Linear and circular polarizations are 
possible. Easily integrated with microwave integrated circuits. Capable of dual and triple frequency operations. Feed lines and 
matching network can be fabricated simultaneously. These are widely used in the handheld devices (wireless) such as pager, mobile 
phones, etc. 

 
A number of microstrip patch antennas with multiband property have been proposed, and various techniques have been used to 
achieve the multiband operation [2][3]. The mainly used methods are etching slots and slits on the patch or on the ground plane, for 
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examples S-shaped slot [2], U-shaped slot [4], C-shaped slot [5]etc.  

Most of the previous researches have been adapted for multi-band design; few researches have been focused on dual-bands design. 
Dual-bands antennas designs have been explained in the papers [6]–[8].In these above papers the dual- band have been achieved by 
adding the proper slits in the near of radiating patch element and the ground plane, by the inserting of slit, the desired two rejected 
bands have been obtained. 

In this paper a multiband microstrip patch antenna is proposed.  This proposed microstrip antenna is designed on a FR4 substrate 
which is having dielectric constant of 4.4. On the substrate a rectangular shape patch is introduced. A H- shaped slot on the top of 
radiating patch and by using the probe feed line the dual bands are achieved. For increasing the resonance frequency, new double I-
shaped slots are used on the radiating patch and the bandwidth of antenna is also increased by using these slots. However, these 
antennas are not fulfilling the complete requirement of multiband operation for wireless technology.  These antennas are small in size 
and compact. These structures are designed and simulated with microstrip technology and suitable for multiband wireless 
communication. 

The paper is organized as follows. In Section 2, basic design of proposed microstrip patch antenna is described. In Section 3, the 
modified structure of microstrip patch is presented for tetra-band operation.  In Section 4, the simulated results of proposed dual band 
and tri-band antenna design are presented and compared. Finally, the paper is concluded in Section 5. 

 

DESIGN AND MODELING 
 

This section, we will introduce the design of our antenna. First the three essential parameters for the design of a rectangular Microstrip 
Patch Antenna are: 

• Frequency of operation (f o): The resonant frequency of the antenna must be selected appropriately. The resonant frequency selected 
for design is 2.4 GHz. 

• Dielectric constant of the substrate (ε r): The dielectric the dielectric substrate is selected as 1.6 mm. material selected for design is 
glass epoxy which has a dielectric constant of 4.4. 

• Height of dielectric substrate (h): For the microstrip patch antenna to be used in cellular phones, it is essential that the antenna is not 
bulky. Hence, the height of the conventional patch antenna is selected as 1.6mm. 

 

Figure 1: Rectangular microstrip antenna 

The initial calculation starts from finding the width of the patch which is given as: 

Step 1: Calculation of the width of Patch (W)- 

The width of the Microstrip patch antenna is given as 

 

For  f o=2.4GHz, ε r=4.4 

We get   W=38.22 mm. 
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Step 2: Calculation of effective dielectric const- 

Fringing makes the microstrip line look wider electrically compared to its physical dimensions. Since some of the waves travel in the 
substrate and some in air, an effective dielectric constant is introduced, given as:  

 

 

We get     εreff=3.99 

Step 3: Calculation of Length of Patch (L)- 

The effective length due to fringing is given as: 

  

For εreff=3.99, f o=2.4GHz 

We get   Leff =30.25 mm 

Step 4: Calculation of ΔL - 

Due to fringing the dimension of the patch as increased by ΔL on both the sides, given by: 

 

For W=36.4mm, h, =1.53mm, εreff=3.99 

We get     ΔL=0.70mm 

Hence the length the of the patch is:     L= Leff-2ΔL=28.4 mm  

Step 5: Calculation of Substrate dimension- 

For this design this substrate dimension would be 

Ls=L+2*6h 

Ws=W+2*6h 

Ls = 2*6h + L = 2*6(1.6) + 39 = 59mm 

Ws = 2*6h + W = 2*6(1.6) + 30 = 50 mm 

Step 6: Calculation of feed length- 

For this feed would be given- 

lam/4*sqrt(4.4) distance.i.e 14.5mm. 
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Figure 2: HFSS model of Rectangular microstrip patch antenna 

After designing a simple rectangular microstrip patch antenna for 2.4 Ghz frequency band, a single H- shaped slot is inserted on the 
radiating patch. And for the proposed antenna a dual frequency band is achieved. The Hfss model for the I-shape slot is as shown in fig. 
below. 

 
 

Fig3: Rectangular microstrip patch antenna with single H shape slot 
 

MODIFIED DESIGN FOR TRI-BAND ANTENNA 
 
Furthermore, to increase the number of frequency band the proposed  microstrip patch antenna with H shaped slot is odified by 
inserting a double I-shape slot on the radiating patch.. The Hfss model for the I-shape slot is as shown in fig. below. 

 
 

Fig4: Rectangular microstrip patch antenna with double I- shape slot 
 

By introducing the Double I-shape slot in the antenna structure the number of frequency bands is increased and the frequency response 
of S11 parameter is improved which is described in the next section. 

SIMULATION AND RESULTS 

The software used to model and simulate the proposed and modified microstrip patch antenna is Hfss i.e.high frequency simulation 
software. It has been widely used in the design of tunable filters, patch antennas, wire antennas, and other RF/wireless antennas. It can 
be used to calculate and plot the S11 parameters, VSWR plot,directivity , smith chart, current distributions as well as the radiation 
pattern. The simulation is done for three cases. The first one is for simple rectangular microstrip patch antenna for 2.4 Ghz frequency 
band. Antenna structure with H-shaped slot as described in section II and third one is for modified antenna structure with double I-
shaped slot described in section III. 

Case-I Antenna structure with rectangular shape patch 

The rectangular shape microstrip patch antenna is designed for 2.4 GHz. The return loss plot , VSWR plot , radiation pattern and 
current distribution for the antenna is as shown in figures below. 
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Fig5: s11 plot  of rectangular microstrip patch antenna 

 

Fig6: VSWR plot  of rectangular microstrip patch antenna 
 

 

Fig7: Radiation pattern  of rectangular microstrip patch antenna 
 

 

Fig8: current distribution of rectangular microstrip patch antenna 
 

 

Fig9: directivityt of rectangular microstrip patch antenna 
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Case-II Antenna structure with H-shape slot on rectangular shape radiataing patch 

The H-shape slot is introduced on the rectangular microstrip patch antenna structure. This antenna structure is covering 2.42-
3.59GHz. This antenna structure has two distinct frequency bands, centered at 2.42 GHz, 3.59 GHz as shown in the Fig. 3. As shown 
in Fig.3 the return loss is less than -10 dB which showing that this antenna is workable on these two frequency bands. The radiation 
patterns of dual-band antenna of directivity at theta is 90 degree for three resonance frequencies are shown in Fig. 5, 6, 7. The 
directivity of antenna is described by the shape of the radiation pattern, so from the Fig.5, 6, and 7, it is clear that the radiation pattern 
is Omni-directional but it becomes directional when operating frequency band is increased. 

 

 

Fig10: s11 plot of microstrip patch antenna with single H shape slot 
 

 

Fig11: VSWR plot of  microstrip patch antenna with single H shape slot 
 

 

Fig12: Radiation pattern of microstrip patch antenna with  H shape slot 
 

 
 

Fig13: Directivity of microstrip patch antenna with single H shape slot 
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Fig14: current distribution of  microstrip patch antenna with  H shape slot 
 

Case-III Antenna structure with Double I-shape slot on  rectangular shape radiataing patch 

As shown in Fig. 3, the return loss of basic antenna structure is tuned for two frequency bands. For improvement of the return loss and 
increment by one more frequency band, a double I-shaped slot is inserted in the proposed structure. Therefore, this structure works as 
a tri-band microstrip antenna. As shown in the Fig. 8, proposed structure has three  distinct frequency bands centered at 2.44 GHz, 
3.54 GHz, 5.37 GHz and 11.35GHz. and operating range from 2.44-5.37 GHz.   So the proposed structure has more smooth and 
extra operating frequency band than the basic antenna structure.  

 

Fig15: s11 plot of  microstrip patch antenna with double I- shape slot 

 

Fig 16: VSWR plot of  microstrip patch antenna with double I- shape slot 

 

Fig 17: Radiation pattern of patch antenna with double I- shape slot 
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Fig18: Directivity of  microstrip patch antenna with double I- shape slot 
 

 

Fig 19: current distribution of patch antenna with double I- shape slot 
Comparisons table of simple patch, patch H-shape slot and patch with double I-shaped slot 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSION 
In this paper, a new approach to multiband antenna structure is shown for increasing the number of operating frequency bands and 
improvement in return loss. The comparison between patch antenna with H-shape slot and with double I-shape slot is shown. From 
comparison table, the conclusion the future aspect of this work is to increase the number of operating frequency bands by made change 
using different shaped structures in place of H-slots and I-slots. This structure can be further modified by increasing the switch-ability 

S.N
. 

Shape of 
MSA 

Freq 

(GHZ
) 

Retur
n Loss 
(dB) 

VSWR Band
widt
h 

(MH
) 

Directivity 

(dB) 

1. Simple 
patch 
antenna 

2.43 -14.60 1.45 68 3.59 

2. Patch 
with H 
shaped 
slot 
antenna 

2.42 -16.34 1.33 53  

 

3.39 

3.59 

 
-21.12 1.14 90 

3. Patch 
with 
double   I 
shaped 
slot 
antenna 

2.44 -15.94 1.37 54.76 

3.47 
3.54 -39.15 1.02 51.10 

5.37 -13.32 1.58 47.58 
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of radiating patch by connecting PIN diode or RF-MEMS switch in switchable slot. The modified antenna are very valuable for many 
modern wireless applications and radar system applications, such as object detection, secure communication, multi frequency 
communication and multi frequency communication These proposed antennas can be used for multiband wireless communication 
applications. 

REFERENCES 

[1] James, J.R. and Hall, P.S.: “Handbook of Microstrip Antennas” (Peter Peregrinus) 

[2]  Jigar M. Patel1, Shobhit K. Patel2, Falgun N. Thakkar, “Design of S-shape multiband microstrip patch antenna” 

[3]  Fan Yang, Student Member, IEEE, and Yahya Rahmat-Samii, Fellow, IEEE , “A econfigurable Patch Antenna Using Switchable 
Slots for Circular Polarization Diversity”, IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 12, NO. 3, 
MARCH 2002. 

[4] Y. J. Cho, K. H. Kim, D. H. Choi, S. S. Lee, and S. O. Park, “A iniature UWB planar monopole antenna with 5-GHz band-
rejection filter and the time-omain characteristics,” IEEE Trans. Antennas Propag., vol. 54, no. 5, pp. 1453–1460, May 2006. 

[5] Y. C. Lin and K. J. Hung, “Compact ultra-wideband rectangular aperture antenna and band-notched designs,” IEEE Trans 
Antennas Propag., vol.54, no. 11, pp. 3075–3081, Nov. 2006. 

[6] J. Liu, S. Gong, Y.Xu,X. Zhang, C. Feng, and N.Qi, “Compact printed ultra-wideband monopole antenna with dual band-
notched characteristics,” Electron. Lett., vol. 44, no. 12, pp. 710–711, Jun. 2008. 

[7] James Sor, Student Member, IEEE, Chin-Chang Chang, Student Member, IEEE, Yongxi Qian, enior Member, IEEE,and Tatsuo 
Itoh, Fellow, IEEE, “A Reconfigurable Leaky-Wave/Patch MicrostripAperture for Phased-Array Applications” IEEE 
TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 50, NO. 8, AUGUST 2002 1877. 

[8] Q. X. Chu and Y. Y. Yang, “A compact ultrawideband antenna with 3.4/5.5 GHz dual band-notched characteristics,” IEEE 
Trans. Antennas Propag., vol. 56, no. 12, pp. 3637–3644, Dec. 2008. 

[9] J.-C. Langer, J. Zou, C. Liu, Senior Member, IEEE, and J. T. Bernhard, Senior Member, IEEE “Micromachined Reconfigurable 
Out-of-Plane Microstrip Patch Antenna Using Plastic Deformation Magnetic Actuation” EEE MICROWAVE AND WIRELESS 
COMPONENTS LETTERS, VOL. 13, NO. 3, MARCH 2003 

[10] Y. J. Sung, T. U. Jang, and Y.-S. Kim “A Reconfigurable Microstrip Antenna for Switchable Polarization” IEEE MICROWAVE 
AND WIRELESS COMPONENTS LETTERS, VOL. 14, NO. 11, NOVEMBER 2004  

[11]  Dimitrios Peroulis, Member, IEEE, Kamal Sarabandi, Fellow, IEEE, and Linda P. B. Katehi, Fellow, IEEE “Design of 
Reconfigurable Slot Antennas” IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 53, NO. 2, FEBRUARY 
2005  

[12]  Shing-Lung Steven Yang and Kwai-Man Luk “A Wideband L-Probes Fed Circularly-Polarized Reconfigurable Microstrip Patch 
Antenna” IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 56, NO. 2, FEBRUARY 2008  

[13] Joseph Costan tine, “New Multi-Band Microstrip Antenna Design for Wireless Communications” IEEE Antennas and Propagation 
Magazine, Vol. 49, No. 6, December 2007. 

[14] Mukesh Arora, Shubhi Jain, Abha Sharma, “Multi Band Circularly Polarized Microstrip Patch Antennas for Mobile 
Communication” International Journal of Soft Computing and Engineering (IJSCE) ISSN: 2231-2307, Volume-2, Issue-3, July 
2012  

[15] V. Anitha “ Characterization of Multi-band Rectangular-Triangular Slotted Antenna” International Journal of Modern Engineering 
Research (IJMER) www.ijmer.com Vol.2, Issue.2, Mar-Apr 2012 pp-483-486 ISSN: 2249-6645  

[16] C. A. Balanis, Antenna Theory Analysis and Design, Second Edition, New York, Wiley, 1997.  

[17]  S. Xiao, B. Z. Wang, and X. S. Yang, “A Novel Frequency 382 Kyungho Chung et al. TRI Journal, Volume 28, Number 3, June 
2006Reconfigurable Patch Antenna,” Microwave Opt. and Technol.Lett. 36, Feb. 2003, pp. 295-297.  

[18]  F. Yang and Y. Rahmat-Samii, “Patch Antenna with Switchable Slot (PASS): Dual - frequency Operation,” Microwave Opt. and 
Technol. Lett., 31, Nov. 2001, pp. 165-168.  

[19]  F. Yang and Y. Rahmat-Samii, “Switchable Dual-Band Circularly Polarized Patch Antenna with Single Feed,” Electron. Lett., 
vol.37, no. 16, Aug. 2001, pp. 1002-1003. Ghanshyam singh and Mithilesh Kumar, member IEEE “Design of frquency 
reconfigurable microstrip patch antenna”6th international conference on industrial and information system ICIIS 2011, Sri Lanka. 


