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Design & Simulation of Microstrip Patch
Antenna for C-Band Communication Services

Lavesh Gupta * & Dr. Arun Dev Dhar Dwivedi °

Absitract- When a fewer number of microstrip antennas are to
be used for the transmission and reception of electromagnetic
signals in a system, the size of the antenna array becomes a
critical issue to deal with. Instead of using a number of
antennas, we can use the desired number of patch antennas
over a single substrate only. Main motive is to maintain the
coupling suppressing sectional structure in simple manner,
whilst providing a higher amount of efficiency in coupling of
microstrip patch elements/antennas. At microwave frequency,
the microstrip is often used as a transmission line because of
its very good efficiency in transferring energy/microwave
signals. In this work, an antenna design is simulated at 4.8
GHZ for its working in the C-Band communication services.
The size of the array structure is kept to the minimum value. It
does not affect the other characteristics of the antenna array.
Once an antenna design is finalized, their operational
characteristics remain unchanged during the use.

Keywords. antenna array, mutual coupling, microstrip
patch antenna, performance optimization.

I.  INTRODUCTION

icrostrip Patch antenna is currently, the most
Mfamous and hot topic in antenna field

technology. It is highly useful in aircrafts with
high performances, space-crafts, satellite and other
applications as these are the areas where weight, size,
cost, performance, ease of installation, and
aerodynamic profile are the big constraints & a cheap
patch microstrip antenna is needed [1-3].

At the microwave range of frequency value, the
microstrip line is used as x-mission line as it has
excellent performance in the transfer of energy &
microwave signals. The most significant merit of
microstrip line is, it does not produce large parasitic
capacitances/inductances. While comparing it with other
transmission-lines, it is found that the stripline and
microstrip are very easy to use, feasible and less
expensive to manufacture/fabricate and are feasible to
attach to surface-mounted components & structures[4-
5].

The operating frequency of microstrip antennas
usually ranges from 1 to 50 GHz [6-7]. The following
figure shows the block diagram of basic microstrip
patch antenna system.
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Fig. 1: Microstrip Patch Antenna

[I.  QUARTER WAVE TRANSFORMER

It is quarter wavelength section of a
transmission line. It is used to match the impedance
between antenna and main transmission feed-line. It is
not hard to construct the quarter wave line sections at
low values of impedances [8-10]. It has an impedance
of 70 ohms, which provides exact match to the
impedances b/w strip line and the patch antenna
elements.

I1I.  DESIGN PARAMETERS FOR C-BAND
SYSTEMS

We start with the microstrip patch antenna by
calculating the length and width of a rectangular
microstrip antenna for resonance at 4.8 GHz.

* Frequency (Resonance) of Operation (f):

Resonant frequency of the microstrip antenna
should be selected wisely. Hence, the antenna design
must be able to operate in the specific frequency range.
The resonant frequency selected for my design is 4.8
GHz.
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*  Permittivity of FR-4 (g,):

The dielectric material selected for the design is
FR-4, which has a dielectric constant of 4.4.
* Height of Dielectric Substrate (h):

For the microstrip patch antenna, the height of
the dielectric substrate is selected as 1.60 mm. Hence,
the essential parameters for the design are:

Resonating frequency, f, = 4.8 GHz..

AL=0.412(¢ +0.3)(Wn’1+0.264)/[(5,df -0.258)(Wn’1+o.8)}

Here, effective relative permittivity is as follows:

g +1

g —1
greﬁ = 2

2/1+12hw

This is related to the ratio of h/W. The larger the
h/W, the smaller is the effective permittivity. The effective
length of the patch is given by:

L, =L+2AL

-

- )

The resonance frequency or the TM10 mode is
given by:

1
G ﬁ(ﬂo 2L+ 20L) e 2ot

Optimized width for efficient radiator is as follows:

- (4)

— l L - (5)
21 \Je, \ & +1

The reflection coefficient and VSWR can be
related through the following formula as:

1+

VSWR = T

- (6)
The value of reflection coefficient is given by:
[ = (Z-Z0)/(Z.+2Z,) - (7)

The return loss should be a large negative
number as possible. It is defined empirically through
following:-

La—Z,
Za+Zy

LRT = —201log;,(|T]) = —20log;,

- (8)

The impedance bandwidth is inversely
proportional to quality factor of an antenna and is given
by:-

VSWVR-1

QWSAR

The bandwidth of an antenna is given by:-

BW = -9

© 2019 Global Journals

Permittivity of substrate, g=44.
Height h of substrate, h=1.60 mm.
Substrate used, FR-4.

IV. DEsIGN EQUATIONS

Due to fringing effects, electrically patch of
antenna looks larger than physical specifications.
Enlargement on ‘L’ is given by [11-12]:

- (1)

z(fu fl) 0,
BW = {fu+fz x 100%

(Bandwidth < 100 %) or

— (fu. i,
BW = { i (10)
(Bandwidth > 100 %)
Mathematically, directivity (dimensionless) can

be written as:

_U(09) _47U(0.9) 4U(0.9)
" U(de) R

- (1)

V. DESIGN PROCEDURE

If the substrate parameters (g, & h) & operatinal
frequency (f) are known, then we can easily find out
patch array dimensions, using above simplified
equations and by following the below design procedure:

Step 1: Width Calculation:

Use the above equation to find the patch width
W. by substituting the value of f = 4.8 GHz and
permittivity as 4.4, the width of the antenna patch
comes out to be as 19 mm.

Step 2: Calculation of the effective permittivity:

By using the above mentioned equations &
putting the value of permittivity as 4.4, width as 19 and
height as 1.6 mm, the effective value of dielectric
constant is obtained as 3.8985.

Step 3: Computation of the extension of length:

The value of extended length comes out to be
as 0.7277 mm by using the aforesaid equations [13-14].
Step 4: Determine the actual length ‘L":

Solving the following equation for ‘L” which is given by:

1
=~
21 o it

-2AL (12)
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Here, difference in length comes out to be
0.7277 mm. The actual length of the patch is obtained
as 14.37 mm, while its width comes out to be 19 mm
(W/L < 2). The effective value of permittivity of FR-4 is
obtained as 3.8985.

VI. DESIGN OF 50 OHMS FEEDING-LINE

To design a feed line, the ratio of width of feed
line to height of substrate must be less than 2. Their
ratio is given by the

following relation:

Wid = {8.e"(e**-2)} < 2 - (13)

S0, A = {(Zo)/60} [(1+ &)/2]™ + [(-1+ &)(.23+.11/ &)/(1+
&)l

Here, the thickness (d) of the substrate is 1.60

mm, er is 4.4, length (I) of the feed line is assumed as 07
mm and input impedance of feed line is 50 ohms. The
value of constant ‘A’ is calculated as 1.5297 and that of
eeff (effective) is obtained as 3.8985. Also, w/d is less
than 2. So, the width of both the feeding lines comes out
to be 3.05 mm. Therefore, W = 3.065 mmand L = 7 mm.

VII.  DESIGN OF QUARTER-WAVE

TRANSFORMER

The input resistance to patch is denoted by Rj,
& is given by:

Rin = (120/2* width of patch)*(c/f)*(e.r) ™ - (14)

From the above equation, the input resistance is
obtained as 100 ohms, by putting effective permittivity
as 3.8985, frequency as 4.8 GHz and patch width as 19
mm. Therefore, the equivalent resistance is given by
[15-16]:

Z,= (50*R,)"? - (15)

So, the equivalent resistance comes out to be
70 ohms. The value of ‘A’ is obtained as 2.07, by putting
permittivity as 4.4 and Z, as 70 ohms. Also, the

transformer’s width is obtained as 1.656 mm. The length
of the transformer is given by the following relation:

L = (1/4)*(eerr) Y**(wavelength of EM wave) - (16)

For a height of 1.6 mm and transformer width of

1.656 mm, the value of effective permittivity comes out

to be as 3.18. The parametric values of transformer are

obtained as: L = 8.76 mm, W = 1.66 mm, R;;, = 100
ohms & Z, (equivalent) = 70 ohms.

VIII.  MATHEMATICAL MODEL LING

The expression for the effective permittivity is
given by the following relation:

1+ & —1
Eet = > + > 1+

1\/2vhj o

Where, h = Height of dielectric substrate, &
W = Width of the patch.

The fringing fields along the width are modelled
as radiating slots and electrically, patch of the microstrip
antenna looks larger as compared to the physical
dimensions. The dimensions of patch along with its
length are extended on each end by the distance Al,
which is given empirically by the following relation:

0.262+W 403
Al =0.412h h |
£, —0.258

W (18)
0814+ Wy
The effective length of the patch L now becomes:

C

L= —2Al
2f,

Eetf

For efficient radiation, the width W is given by:

—0.5
2f U 2

Fig. 2: Microstrip Patch Antenna with Feed, Patch &
Impedance-Matching Transformer

Fig. 3: Microstrip Patch Antenna Array
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v Step 3: To create substrate Block:
Create block of substrate plane using the solid
block primitive by clicking its tab.

+— Create hlock
Patch Length (L) Lp e
Fig. 4: Antenna Design Specifications neme: Block | [ EGEGEGEGEG
Poinc bype | 7 bass center \*l
IX. SIMULATION STEPS R
Antenna simulation is performed by CST Micro- % [ | Crekpon: ]
stripes Software, which is based on Transmission Line 7

Model.
Step 1: To open the window:

u]
o

Launch CST MISCROSTRIPES from the Start " EI
N
]

menu, and click on the Create a new project button.

(F) Volume XIX Issue III Version I E Year 2019

Flle nate ¢ |Fﬂbd" aneeed .

i 120
New Project z:
&0 e provct
% [ Create ] [ losa ]
3 Hame ¢ |ptb:|-|g.1c. |
=)
20 Location: C:\Decurments and ... \MICROSTRIFES Projects Step 4: To create ground plane. , .
= Create the ground on dielectric substrate; the
& AT ground will be of the same dimensions as the substrate
< .
b Create block
g Remiowe
é Input pararmeters
=
é Point bype : |Z base center Vl
=, [+/] Creates riw SAT Fle Zbase Ce”|tenr [ |
— i Pick point
E ick poin
E

| o || coml | -

T

Length
Xl 12
[ | Step 2: To create a new project: ¥l 12
Create a new project with an empty model, a z:
Build window will open within the CST MICROSTRIPES
window.

Create [ Close

© 2019 Global Journals



Step 5: To create Patch:
Create a rectangular patch on top of the
dielectric substrate.

Create block

Input parameters

Point bype : |2 base center ~|
7 hase center
%: [0 | [[pick poine_]
Length
Z: | o

Create [ cese |

Step 6: To create Feed-Line:
Create a 50 ohms feed-line for the patch
antenna.

Create block

Inpuk parameters

Name : | Feed Linc | NN

Point bype @ |Z base cenker el |

Z base center

% |D |[ pick point |
Length

[ Create ] [ Close ]

Step 7: To set electromagnetic parameters:

Construct the geometry of the patch antenna.
The next step is to describe the electromagnetic
parameters of the model.

Model Parameters le

Standard

Data ID : | Patch SMA |

Units : {mm e
Frequency
Mininnur : | 1 | |GH2 v|
Maximurm : 5' GHz w
Runkirme

Duration ;| 2400 |Time * ¢ (Diskance, mm} v| [ Default ]
Residual energy

I Ok ] [ Cancel ]

Step 8: To define material parameters:

Define the materials used in the design and

attach them to the geometrical bodies created in the
previous section.

Materials

Mztal | pielectric || Thin film | Debwe | cabie || Ferree tle |
Material list
Hame [mpedance Conductivity Parmaabiity ~
al 3.54=4+007 1
AL 4.56-+007F 1
Brass 65/15 1.59=+007 1
Brass 31/9 2. T4=+007 1
<r 7. T4le+000 1
cu 5.8e+007 1
Fe 1e+007 200 e
Edr ser
Mams: cu
Conduchviey bt | SEI00000 Sim
Pelabve permesbiity : | 1
Zreahbz | [ rodify ] [ DekEte ]
Enfity list
Body Type Material attach matsricl j
round metal U
patch metal o Detach material
sma Teflon - -
=na wira =] <u
sabstrabs
Load matenalfle., ] | Savemaberd fle.. ]

Step 9: Result Analysis:

*

*

Analyze the model and display the results in the
CST MICROSTRIPES window.

The results for the “return loss v/s frequency” will
automatically be displayed.

Foed Line
14 Lne

Width of Foed line Width of /4 Line

—
Patch Lenath (L)

Fig. 5: Antenna Design with Feed-line, Patch &

Transformer
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Fig. 6: Designed Antenna Array Structure
X.  CONCLUSION

The Microstrip Patch Antenna Array has been
analyzed at the resonance frequency of 4.8 GHz for
C-Band Wireless Communication Application and
Services.

Compactness, easy fabrication and  cost
effectiveness of the proposed antenna is useful for
commercial wireless communication applications.
The antenna array design consists of a feed-line (50
ohms), an impedance matching quarter-wave
transformer and patch antenna elements for
transmission and reception of the EM signals in the
system.

The length and width of the patch antenna elements
are respectively 14.37 mm and 19 mm.

The length and width of the feed-line is respectively
07 mm and 3.05 mm.

The length and width of the quarter-wave
transformer is respectively 8.76 mm and 1.66 mm.
The FR-4 Substrate had the dimensions of 75 mm*
75 mm, with a height of 1.6 mm and a permittivity of
4.4,

The antenna array has been designed & simulated
over CST-Microstripes electromagnetic Simulator
Software.

The antenna and radiation efficiencies of over 90%
have been obtained in the given wireless
communication antenna array system.

The antenna array design works successfully at 4.8
GHz for the C-Band Communication
Service/System.

REFERENCES REFERENCES REFERENCIAS

Gao, X. Z, and K. Chang. "Analysis of microstrip
line coupled to microstrip antenna." Electronics
Letters 23, no. 13 (1987): 694-695.

© 2019 Global Journals

10.

11.

12.

Chang, Dau-Chyrh, and Ming-Chih Huang.
"Multiple-polarization microstrip reflectarray antenna
with high efficiency & low cross-polarization." IEEE
Transactions on Antennas & Propagation 43, no. 8
(1995): 829-834.

Caloz, C., C-C. Chang, Y. Qian, and T. Itoh. "A novel
multilayer photonic band-gap (PBG) structure for
microstrip circuits and antennas." In Antennas and
Propagation Society International Symposium,
2001. IEEE, vol. 2, pp. 502-505. IEEE, 2001.

Ho, Joanna, Ji-Yong Park, Christophe Caloz, and
Tatsuo Itoh. "A compact subdivided microstrip
square patch array with low mutual coupling." In
Antennas and Propagation Society International
Symposium, 2003. IEEE, vol. 1, pp. 589-592. IEEE,
2003.

Rubio, J., M. A, Gonzalez, and J. Zapata. "Efficient
full-wave analysis of mutual coupling between
cavity-backed microstrip patch antennas." |EEE
antennas and wireless propagation letters 2, no. 1
(2003): 155-158.

Rubio, J., M. A, Gonzalez, and J. Zapata. "Efficient
full-wave analysis of mutual coupling between
cavity-backed microstrip patch antennas." IEEE
antennas and wireless propagation letters 2, no. 1
(2003): 155-158.

Salehi, Mohsen, Alireza Motevasselian, Ahad
Tavakoli, and Teimur Heidari. "Mutual coupling
reduction of microstrip antennas using defected
ground structure." In  Communication systems,
2006. ICCS. 10th IEEE Singapore International
Conference, pp. 1-5, 2006.

Chiu, Leung, Quan Xue, and Chi Hou Chan.
'Radiating patches with low mutual coupling for
antenna arrays." In Antennas and Propagation
Society International Symposium, 2007 IEEE, pp.
3620-3623. IEEE, 2007.

Zhu, Fang-ming, and Jun Hu. "lmproved patch
antenna performance by using a metamaterial
cover." Journal of Zhejiang University 8, no. 2
(2007): 192-196.

Arya, Ashwini K., M. V. Karti keyan, and A. Patnaik.
"Efficiency enhancement of microstrip patch
antenna with DGS" In Recent Advances in
Microwave Theory & Applications, MICROWAVE.
International Conference on, pp. 729-731. IEEE,
2008.

Wang, H.,, D. G. Fang, and X. L. Wang. "Mutual
coupling reduction between two microstrip patch
antennas by using the parasitic elements." In
Microwave Conference, 2008. APMC 2008. Asia-
Pacific, pp. 1-4. IEEE, 2008.

Lim, J. S., C. B. Kim, J. S. Jang, H. S. Lee, Y. H.
Jung, J. H. Kim, S. B. Park, B. H. Lee, and M. S.
Lee. "Design of a subwave length patch antenna



13.

14.

15.

16.

using metamaterials." In Microwave Conference,
2008. 38th European, pp. 1246-1249. |EEE, 2008.
Cho, Tae june, Joong kwan Kim, and Hong min
Lee. "Mutual coupling reduction between two
microstrip patch antennas using isolated soft
surface structures." In Antennas and Propagation
Society International Symposium, APSURSI'09.
IEEE, pp. 1-4. IEEE, 2009.

Li, RongLin, Terence Wu, Bo Pan, Kyutae Lim, Joy
Laskar, and Manos M. Tentzeris. "Equivalent-circuit
analysis of a broadband printed dipole with
adjusted integrated balun and an array for base
station applications." |EEE Transactions on
Antennas and Propagation 57, no. 7 (2009): 2180-
2184.

Ju, Jeongho, Dongho Kim, Wangjoo J. Lee, and
Jaeick |. Choi. "Wideband high-gain antenna using
meta material super strate with the zero refractive
index." Microwave & Optical Technology Letters 51,
no. 8 (2009): 1973-1976.

Griguer, Hafid, Eric Marzolf, Hicham Lalj, Fatima
Riouch, and Mhamed Drissi. "Patch antenna
bandwidth enhancement through the use of meta
materials." Telecommunications, ICT'09. pp. 323-
327. IEEE, 2009.

© 2019 Global Journals

Global Journal of Researches in Engineering (F) Volume XIX Issue III Version I E Year 2019



	Design & Simulation of Microstrip Patch Antenna for C-Band Communication Services
	Author
	Keywords
	I. INTRODUCTION
	II. Quarter wave Transformer
	III. Design Parameters for C-BandSystems
	IV. Design Equations
	V. Design Procedure
	VI. Design of 50 OHMS Feeding-Line
	VII. Design of Quarter-WaveTransformer
	VIII. Mathematical Model Ling
	IX. simulation steps
	X. Conclusion
	References références referencias

