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Abstract

In this work, a comb-shaped monopole dual-band antenna for 2.4/5.8 GHz RFID application is
presented and tested. The proposed antenna is composed of an F-shaped monopole and a three-
element comb structure which occupies a compact size of 28 x 32.8 mm? including the ground
plane. Intermediate structures, including I'-shaped, F-shaped, and modified F-shaped monopole
radiators , are extensively investigated. To reduce the size of the modified F-shaped structure and
cover the 2.4/5.8 GHz RFID operation bands, a comb structure is loaded between the two
horizontal arms of the F-shaped branch. By properly selecting the gap , length , width and the
number of elements of this comb, dual-band operation and compact size can be achieved. The
proposed antenna is prototyped and tested experimentally by measuring its input reflection
coefficient. The experimental results shows that the proposed comb-shaped dual-band antenna
is having an impedance bandwidth (S11 <— 10 dB) of 1200 MHz from 2 to 3.2 GHz and 450 MHz
from 5.55 to 6 GHz, respectively. Moreover, the proposed dual-band structure is also having
omnidirectional radiation patterns which makes it well suited to be used in the intended

applications.
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General introduction

Due to the need to ensure communication throughout the world in every second, communication
equipment has evolved in recent years to become the most sensitive technologies [1], shaped in a
certain way where each shape is dedicated to specific application. In a communication system,
the antenna is the most important element because it serves as both sending and receiving ends.
However, its critical importance is highlighted in wireless communications [1]. Although the
transmitting and receiving modes are of reversed process, both antennas (Tx/Rx) nonetheless have
the same characteristics, substance, and attributes.

Microstrip antennas (MSAS) are a type of antennas that play a significant role in various domains
since they are low cost, small size, light weight and easy to install [2]. They are considered as low-
profile antenna and highly required in aircraft’s related applications as in radar altimeters which
consist of arrays of MSAs. Their field of application extends to mobile communications such as
Global System for Mobile communication (GSM), satellite communications such as Global
Positioning System (GPS), Radio Frequency Identification (RFID), television, broadcast radio and
the list goes on [3].

As said above, one of MSAs’ applications is RFID, and within an RFID system, the antenna is an
integral part of it. Throughout this project, a comb-shaped dual band monopole MSA for RFID
application performing at the two microwave frequencies 2.4 GHz and 5.8 GHz, is proposed and
analyzed. The process of reaching the final design goes through four different stages. The design
evolution starts with analyzing a T'-shaped structure, then a simple F design is derived and
investigated . Then, a vertical strip is attached at the extremity of upper horizontal branch of the
F-shaped antenna and hence develop the modified F patch antenna. This antenna operates in the
intended 2.4/5.8GHz RFID operation bands. Finally, a comb-shaped structure is introduced to

reduce the overall antenna dimensions.

The report is of three chapters which include the following:



In Chapter 1, some of the basic notions of antennas in general besides special features of
microstrip antennas, their privileges and applications, and an overview about the RFID system
are presented.

In Chapter 2, the design and analysis of modified F-shaped antenna operating at 2.39\5.92 GHz
is investigated. This structure has evolved from I" shape to modified F shape going through simple
F one, and at each stage a parametric study is carried out to observe the effect of each geometrical
parameter on the return loss. Current distribution and radiation pattern are also simulated and
studied.

In Chapter 3, to reduce the modified F-shaped antenna dimensions and maintain the operating
frequency bands, a comb-shaped antenna is introduced. The proposed design operates in two bands
covering widely the 2.4\5.8 GHz RFID application with an overall size of 28 x 32.8 mm?. The
effect of the comb elements is investigated and profoundly analyzed by observing the return loss
responses and the operating bands. Besides this, surface current distribution, maximum gain and
radiation and total efficiencies are investigated. To validate the technical proposal, the antenna is
fabricated and tested and good agreement between the simulated and the measured results is
observed. Finally, the proposed antenna is compared with antennas, operating in the same bands,

reported in recent literature.

A conclusion is presented at the end of the report.



CHAPTER 1: Generalities on Microstrip Antennas




CHAPTER 1: Generalities on Microstrip Antennas

1.1 Microstrip antennas: history and construction

Although antennas existed since the 19" century, the attention it had since then made its
development quicker. In the 1950’s, as the scientists were aiming to work in higher frequency
ranges, the small sized antennas came into their minds hence the idea of microstrip antennas.
However, the early 1970’s was the period when they were given the chance to be on the spot [4].
So, the basic idea behind an MSA was to print a thin metallic conducting strip or a patch (t < Ao?)
on a surface of a dielectric substrate with a thickness h (h < Ao, usually 0.00340 < h <
0.00540) and a ground plane on the other side of it [2] , and all this can be illustrated in Fig 1.1.
Photolithographic or printed circuits techniques are applied to construct MSAs because their
radiation beam is relatively wide on broadside to the plane of substrate [4].

Patch e E—

Dielectric Substrate

Fig 1.1. Basic structure of microstrip patch antenna [5].

Ground Plane

The dielectric substrates used for the design of MSAs are various. However, the relative
permittivity e, is chosen from an interval of [2.2 to 12] [2]. It was found that the lower is er, the
higher is the thickness thus the better is the efficiency, the larger is the bandwidth and the bigger
is the microstrip antenna and vice versa. So, for an antenna to perform well, e must be the lowest
within the interval.
1.2 Typesof microstrip antennas

Microstrip patches can be of any continuous shape, but most used ones that are uniform like
rectangular, square, circular, elliptical etc., because in one hand, they are easy to fabricate and in
the other hand their analysis is simple. Fig 1.2 illustrates some of patch shapes.

1 Ao : the free space wavelength.
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H lEIiIo o

(a) Square (b) Rectangular (c) Dipole (d) Circular () Elliptical

a §0O

(0 Triangular (g) Disc sector (h) Circular ring (i) Ring sector

Fig 1.2. Common shapes of microstrip antennas [5].

1.3 Microstrip monopole antenna
In higher frequencies, Monopole antennas are a solution to the compromise between size, cost and
simplicity. They are very required and an appropriate choice for dual-band or multi-band
applications due to their simple structures, compact size, good impedance matching, ease of
construction and omnidirectional radiation patterns [6].
1.4 Fundamental characteristics of microstrip antennas
In the upcoming sub-sections, basic properties of antennas in general are to be introduced.
1.4.1 Reflection coefficient and return loss
Return loss RL and reflection coefficient /" are the most important parameters in any antenna,
they indicate how well the antenna performs in the desired frequency. 7" is defined as the
ratio of the reflected power from the antenna and the incident power from the source. Return
loss corresponds to the scattering parameter S11 in dB, that is why its notation can be
S11[dB] in the upcoming chapters.
RL is just 7"expressed in decibel as follows [7]:
RL = —20log1o|T| (1.2)
Where 7"is the reflection coefficient and it is expressed in terms of input and characteristic

impedances as [2]:
_ Zin—Zo

= ZutZo (1.2)

Where Zin is the input impedance of the antenna.

And Zo is the characteristic impedance of the transmission (feed) line.
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1.4.2 Voltage Standing Wave Ratio (VSWR)
VSWR is the acronym for voltage standing wave ratio. Its value indicates how much of
impedance mismatch there is between the antenna’s input and feed line. The lower the

VSWR, the smaller the losses and the higher the power delivered to the antenna and vice
versa. It is directly related to the reflection coefficient I'. Its mathematical formula is given
as[2,7]:

141 (1.3)

VSWR =
1-|r|

The practical value of VSWR must not exceed 1.3 and the ideal case is when VSWR = 1, no waves
are reflected back to the source.

1.4.3 Frequency bandwidth (BW)
The bandwidth in general is the usable range of frequencies which includes the resonant or
the operating frequency of the antenna (centralizes the band). The narrowness and the
largeness of the BW depends on antenna’s type and size.
In the case of microstrip antennas, the value VSWR identifies the BW which relies on the
change in the impedance i.e., when the impedance mismatch occurs. It is usually determined
from the graph of the return loss by the intersecting the -10 dB level or line with the Si1

graph as illustrated in Fig 1.3 bellow.

O— v -
\.,

1
L

A
N
T

)
=)

Magnitude of Reflection Coefficient (dB)
2 =
|

25 f 3 f 3.5 4
Frequency (GHz)

Fig 1.3. Bandwidth from -10 dB crossing in the graph of return loss [8].
The expression used to calculate the bandwidth is:
BW =fy - fi (1.4)
Where f1 is the high cut-off frequency and £ is the low one.
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1.4.4 Directivity
The ratio of the radiation intensity in a specified direction U(6, ¢) to that of an isotropic antenna
is assigned to the directivity of an antenna. The average radiation intensity Uo is given by

dividing the antenna’s radiated power Prad by 47 [2].

DB, ) = LED) _ 4mUEH) (L5)

Uo Prad

If the direction is not indicated, the maximum radiation direction is considered which implies

the maximum directivity and equation (1.5) becomes [2]:
41t Upax (1.6)

Dpax =
P, rad

1.45 Gain
The gain is a parameter that is unique for each type of antenna. It is defined as the ratio of the
radiation intensity in a certain direction to that resulted from an isotropic antenna radiation of

the input power?. Transforming this into equation would give [2]:

G = 471 radiation intensity — 47 Uu6,p) (1.7)

total input (accepted)power Pin

When no direction is specified, the maximum radiation direction is taken.
The gain can be expressed in terms of directivity and radiation intensity. First, defining the

radiation efficiency is just the radiated power divided by the input power [2].

Pra
€cd = T: (1.8)
Hence: G(6,0) = e.q [47'[ ”;?"P)] = e,qD (6, 9) (1.9)

1.4.6 Radiation pattern
It is known that the antenna starts radiating in its far field. when these radiations are plotted
in space coordinates and converted into graphs, antenna’s radiation pattern is resulted. It uses
the normalized values of the field or power. Figl.4 shows a set of space coordinates.
Two- and three-dimensional patterns (2D and 3D) are radiated power dispatched in space
with respect to one’s view along a path. 3D representation in practical circumstances is a

combination of two 2D patterns.

2 the radiation intensity of an isotropic antenna is just its total input power divided by 4.
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" dA = r’sin 0 dO d¢

Elevation plane

lobe —

Minor lobes =—.

Fig 1.4. Suitable space coordinates for antenna analysis [2].

As previously stated, the pattern can either be a field or a power pattern in linear or decibel
scales. In linear scale, field pattern is plotting the electric or magnetic fields’ magnitudes as a
function of angular space whereas power pattern is the plot of the square of either field’s
magnitudes versus the angular space. However, in the decibel scale, power pattern takes the
values in dB.

1.4.7 Beamwidth
An antenna’s radiation patterns consist of several lobes directed in certain direction. The lobe
or the beam with the highest radiation level is called the main or major lobe, where a great
amount of radiated power is located while others are called minor or secondary lobes, they are
often undesirable. It is noted that lobes with an extreme opposite direction of the main lobe are
referred to as back lobes. The direction of the main lobe determines the maximum directivity of
the antenna [9].
The angular difference of two points in opposite sides of the main beam identifies the concept
of the beamwidth. Half power beamwidth (HPBW) and first null beamwidth (FNBW) are the
most useful beamwidth calculation [9]. These two interesting parameters are highly
recommended in the study of antenna’s characteristics for a wanted application.

This brief explanation can be seen in Fig 1.5
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~Major lobe
/

First null beamwidth
(FNBW) A\

Half-power beamwidth
(HPBW) S

Minor lobes ~___

/ *
Back lobe
/
Minor lobes

Fig 1.5. Antenna pattern’s beamwidths and lobs [2].

1.4.8 Polarization
Polarization is defined by the radiated wave from the antenna. It is the variance of the
direction and the magnitude electric field vector (EF) in time. Generally, the wave
propagation direction is z- direction where the polarization is observed. There are mainly three
classes of polarization: linear, circular, and elliptical [9].
a) Linear polarization
To say that an antenna is linearly polarized, the phase difference between the two
components of the electric field vector (EF) must be zero (0) or multiple of  (n) where
n = 1,2,3, ... hence, EF will either has only one component or two orthogonal
components.

b) Circular polarization

If the EF vector movement is forming a circle, then the antenna has circular polarization.

the two orthogonal components must have the same magnitude and the phase shift in

this case must be either positive or negative multiples of% .

c) Elliptical polarization

When the antenna is neither linearly nor circularly polarized, it is said to be of an
elliptical polarization. It can be noticed that the two previous types are special cases of
elliptical polarization. The EF vector components can vary from one to two linear

components. In case of two, they must be orthogonal and might be of same or different

magnitudes. Same magnitude implies a phase shift different from multiples of g; so that
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it would not be circular; and nonlinear polarization requires non-equal magnitude and
imposes the phase shift other than multiples of 7.
d) Co and cross polarization
Each antenna when radiating has co-polar and cross-polar components of its electric
field. If the cross-polar coordinate is 20 dB less than the co-polar one, then it is of good
polarization purity.
1.4.9 Input impedance
The input impedance as the name indicates is the impedance calculated at the entrance of an
antenna. Its calculation requires a ratio of the voltage and the current of a pair of terminals or
“the ratio of the appropriate components of the electric to magnetic fields at a point”. The
open circuit terminals’ impedance is referred to as antenna’s input impedance Z4 [2].
Za=Ra+jXa (1.10)
The real part of the input impedance R4 consists of the losses from the material and the
dielectric referred to as Ry, and the active or radiation power in the far field R» [2].
Ra=Ri+ R (1.11)
Whereas the imaginary part X4 is the radiation in the near zone.
The input impedance depends highly on the complexity of the feeding technique. The coaxial
one is preferable because the proper location of the inner conductor results to the desired input
impedance, and the cable is placed under the ground to minimize the coupling between the
patch and the feedline [9].
1.5 Microstrip antennas advantages and disadvantages
Microstrip antennas are the best option in most of modern applications. However, this does not
imply that they can only be beneficial without drawbacks. These two following sections will show
some of their positive and negative aspects [2, 3].
1.5.1 Advantages
v Their construction is simple and of an affordable cost.
v Low profile antennas i.e., perform good regarding their small size.
v' They are conformable with symmetrical or uniform (planar) surfaces and
asymmetrical (non-planar) ones.
v Easy to access in case of problem, due to the photolithographic technique used

when manufactured.
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v" MSAs are smoothly integrated into MICs and MMICs designs.
v They can perform in dual or triple frequency bands.
1.5.2 Disadvantages
v MSAs are poor in terms of efficiency due to material losses.
v They cannot support high power capacity.
v They lack polarization purity which implies high level of cross polarization.
v They have high quality factor Q (more than 100) and poor scan performance.

v They provide narrow frequency bandwidth (practically 1-5%) and small gain.
1.6 Feeding techniques

An antenna in general must be fed in order to start radiating, and the feeding techniques are
various. When talking about the microstrip antennas, four major feeding processes are to be
discussed. The patch can have a direct contact with the feed line in case of microstrip
transmission line and coaxial feed, or an indirect one when dealing with electromagnetic and
aperture coupling.
1.6.1 Microstrip transmission line
This kind of feeding, a conducting tiny strip is connecting the patch to its feed line and
because this strip is printed on the same substrate as the patch, it gives it the planar
configuration, so it is the advantage of this technique. However, its main drawback is the
increase in the cross polar level and having undesirable radiation when the size of the patch
and the feed are comparable and that mostly occurs in millimeter-wave range [3].
1.6.2 Coaxial feed
Coaxial or probe feeding process rooms over the conducting inner pin attached to the patch
when the connector is soldered into the PCB. The ability to connect the feed line of this kind
on any spot of the patch with just an impedance match makes it even a better technique [3].
It also has disadvantages like making the structure asymmetrical and maybe nonplanar.
Also, it is difficult to design when the substrate’s thickness is high (2>0.0240) [2, 3].
1.6.3 Electromagnetic coupling
Also known as proximity coupling. It is placed in between the patch and the ground and
separated by two dielectric media. Its privileges are the large bandwidth due to the increase
in the substrate ‘s thickness, the elimination of unwanted radiation and the

optimization of individual performances of the patch and the feed line since each of them

11
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is connected to one dielectric medium. The problem that can be encountered in this type of
feeding is the necessity of the exact alignment of the two dielectric material layers [3].
1.6.4 Aperture coupling

The concept of aperture coupling feeding way is as the name states it. Small aperture or a
slot cut in ground side will excite the field from the microstrip line feed to be coupled to the
radiating element. It is highlighted that the size and shape of the aperture will affect its
performance. The centralized position of the aperture creates a sort of symmetry which
leads to the reduction of cross-polarization [3]. The different discussed MSA feeding

configurations are presented in Fig 1.6.

Radiating patch

XS S S) 7 .
Ground plane
(a) (b)
h,
e \\ ———p 2
7 T — =
'y w ®
<«— Ground plane
e V with aperture _l_
> W o
AL, h,
i =
< I// Feed-line — | |\
VA Ground plane Coaxial fe:

(c) (d)
Fig 1.6. Rectangular microstrip patch fed by (a) microstrip line (b) electromagnetic coupling (c)
aperture coupling and (d) coaxial/ probe feed [3].
1.7 Methods of analysis
Since the patch configuration are not unique and, in some cases, not familiar (non-uniform), the
methods used to study these types of antennas properties are various, and for simplification of the
calculations, the patch is considered as a 2D planar component [3]. Three major approaches are

frequently used when handling the MSAs, transmission line, cavity, and full wave models.
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1.7.1 Transmission line model
It is considered the simplest model of the three but the least efficient one and the non-suitable
for coupling feeds. Its mechanism states that the patch is considered a transmission line with
radiations along the length only with no consideration of the orthogonal direction of the
propagation, and it result from the fringing fields at the patch extremities [2, 3].
1.7.2 Cavity model
Cavity model is more accurate way and more complex compared to the previous one [2]. Here,
the separation between the ground and the microstrip patch is considered as cavity with
magnetic walls around the periphery and electric ones from top to down. Due to the thinness of
the patch, the field is distributed uniformly along the height of the cavity. To reduce the radiation
effects in this type of model, boundary conditions in terms of impedance at the walls of the
cavity are set [3].
1.7.3  Full wave model
Full-wave models can handle single element, finite and infinite arrays, stacked elements,
arbitrary shaped elements, coupling, and elements of any size or shape. They are the most
complicated models, and it gives the least physical insight. Methods of Moment is a method
within this model which is largely used and specially in coupling feeding technique [2].
1.8 Microstrip antennas applications
Since MSAs are being available for manufacture in the market and with a low cost, it became
highly demanded and used in various fields. Some of its main applications are to be stated [3].
- GPS and satellite communications.
- Airand marital navigation.
- Blind landing systems.
- Radar and proximity fuses in missiles.
- Broadcast, Radio, and mobile communication.

- RFID application.

1.9 RFID technology
Simply stands for Radio Frequency ldentification. As the name refers to; it uses frequencies or
electromagnetic waves to identify a certain object which should have an RFID tag attached to it.
It was first used in World War II to distinguish the enemy’s aircrafts from their own. The whole

RFID system consists of a tag, a reader (or interrogator), an antenna, a middleware and application.
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The information and content in the tag are read by the antenna and it is converted to computer data
by the reader throughout a radio frequency and all that happens when an induction is created
between the RFID antenna and RFID tag. The data in the tag is accessed by the reader that transmits
it to the middleware, and this will lead to the final stage of recognition or identification that is the
data processing which is done at the RFID application system’s level. The middleware is an
integral part of RFID system specially on software side. Its importance is pointed out within a
workplace where it serves as a link between RFID networks and IT systems [10].

RFID tags are of three natures: passive, semi passive and active. The difference between the three
of them is that passive ones are not associated with batteries while the two others are, however,
the semi active tag uses the battery only with RFID reader’s presence. An RFID system is shown
in Fig 1.7.

Application

Wiewndess N ol #7% NS Ser
communication s

Fig 1.7. RFID system [10].

1.9.1 Advantages of RFID
The invention of such technology made great influence in the security sector. It is known to be
the successor of the barcodes technology since it has some privileges over this latter, such as
the contactless and the unnecessity of line of sight. RFID card is the most used model nowadays
because it ensures added security and uniqueness of identification [10].

1.9.2 Uses of RFID
As referred to before, the fields of application of RFID systems are various. Some of them can
be listed below [10, 11].

v Hospitals and health care: Inventory control, equipment tracking, out-of-bed detection and
fall detection, personnel tracking, ensuring that patients receive the correct medications
and medical devices, preventing the distribution of counterfeit drugs and medical devices,
monitoring patients, and providing data for electronic medical records systems.

v" Support of independent living of elderly and disabled persons.
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v Environmental monitoring.
v’ Efficiency anti counterfeit.
1.9.3 RFID antenna
Amongst the different components of an RFID system, the antenna is the one of interest. This
element can be designed to perform in low, high, ultra-high and microwave frequencies.
Particular bandwidths and specific resonant frequencies are dedicated for RFID applications in

each band. Tab 1.1 summarizes the different frequency ranges in each band.

Tab 1.1. Different frequency ranges for RFID application in different bands [12].

Communication Allowed field
Common range strength
Band Type of Tag g st
. transmission
Used Frequency Typical  Max.
power
LF 125-134.2 KHz Passive 20cm 100cm  72dB pA/m max.
HF 13.56 MHz Passiveand 0. 15m  60dB pA/m max.
semi-passive
433 MHz Active 3m 10m 10-100 mW
UHF :
860 and 915 MHz ~ Activeand 3m 15m 0.1-4W
passive
Microwave 2.4 and 5.8 GHz ACtWeﬁ and 3m 30m 05-4W
passive

1.10 Conclusion
In this first chapter, basic concepts about microstrip antennas and their privileges and drawbacks
were given and an overview of an RFID system along with its fields of interest were presented the
antenna design is discussed in the next chapter to achieve the dual band operation in the two

microwave frequencies
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CHAPTER 2: Modified F-Shaped Antenna

2.1 Introduction

The previous chapter introduced basic notions about antennas globally and microstrip ones
precisely and a brief description of an RFID system thus the RFID antenna. In this chapter, a dual-
band modified F-shaped patch antenna is designed and analyzed. The proposed structure is
intended to work in two bands covering the 2.4\5.8 GHz RFID operating bands.

2.2 T-shaped microstrip antenna

In the process of reaching the final design and obtaining the aimed results, the design of the patch
went through different stages. As a first stage, a I'-shaped strip line is printed on FR-4 substrate
with relative permittivity e» = 4.3, a thickness h = 1.6 mm and a loss tangent of 0.025. The
antenna is fed by transmission line, and it is connected to a 50 Q) SMA connector.

The proposed structure along with its different geometrical parameters is illustrated in Fig 2.1 and

its dimensions are summarized in Tab 2.1.

\%Y% substrate
A
| Whp
A *We
24
©
7
D & W
2|5 D
-
e
&
Wy —
i
v vl , i B
(@) (b)
Fig 2.1. T"-shaped structure (a) top view (b) bottom view.
Tab 2.1. I'-shaped antenna dimensions.
Parameter Lsubstrate Lgnd Lp Waubstrate Wind Wt Wp
Value (mm) 40 17 34 28 28 3 10
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2.2.1 Simulated reflection coefficient
The simulated antenna reflection coefficient is presented in Fig 2.2. It can be noticed that this

I'- shaped design is a monoband antenna operating in the band (2.25 - 2.68 GHz) centered at
2.44 GHz with a return loss level of -23.26 dB.

S-Parameters [Magnitude]

0 — :
S1.1:-23.264698
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17| 2

@ ; i i '
o 3 7 246212 49
o T — . W E - D L h | R S T ol
5 = @, (2.682646. -10.0018 )
F | f
5-15.............._.,; ..... I S U SN AU SRR ORI
= .
5
~ By 70 J SRR SRR | F s R A SN R S

25 i i i i ; 3

1 2 3 4 5 6 7 8

Frequency / GHz
Fig 2.2. Simulated return loss of I structure.

2.3 Simple F-shaped patch antenna
To create the second band centered at 5.8 GHz, a rectangular strip of length L, and a width W»

is attached to the I'-shaped radiator. This modification, therefore, yields to the simple F
structure presented in Fig 2.3.

#L:

Ls

y

L

Fig 2.3. Simple F-shaped structure with Lo= L3= 3 mm and W>=4 mm.
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2.3.1 Simulated return loss
Fig 2.4 shows the simulated return loss for this structure where it can be seen that the second
band extending from 6.05 GHz to 7.23 GHz and resonating at 6.62 GHz with a return loss level of
-22.43 dB. Regarding the first band, there is a small shift of resonant frequency from 2.44 GHz
previously to 2.47 GHz for this structure and a small change in bandwidth to (2.28 — 2.73 GHz).

S-Parameters [Magnitude]

0
& ] ( . -10.00201 )
— Q (2.472319,-20.69088 )
é.m- _____________ Q (2729825.-1000227)| W
E 9 (6.052085, -10.0001)
9 Q (6.620962, -22.42876 )
g o; (7.232991, -10.00061 )
R e s [ i o B et l e COTTEREDY L EPDS TR
(5]
~
7.0 0 VORUUR OO | SO S A . ———— . .../ ., S ———
-25

1 2 3 4 5 6 7 8
Frequency / GHz

Fig 2.4. Simulated return loss for simple F-shaped antenna.

2.3.2 Parametric study
To see the effect of the added narrow strip on the reflection coefficient, a parametric study is
done.
a) Effect of the width W2
It can be deduced from Fig 2.5 that the width W- controls the second band and has no effect
on the first band. It is noticed that the best matching and the closest frequency of the second

resonance to 5.8 GHz are achieved when W>= 4 mm.
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S-Parameters [Magnitude]
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Fig 2.5. Simulated return loss results for different values of Wo.

2.4 Modified F-shaped structure

To centralize the resonant frequencies of the two bands to nearly 2.4 GHz and 5.8 GHz

respectively, a vertical rectangular strip with width W3 and length L4 is added to the simple F-
shaped antenna and the resulted structure is shown in Fig 2.6.

Fig 2.6. Modified F-shaped resonator with Ls= 6mm and Ws= 3mm.
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2.4.1 Simulated return loss
The added strip in this structure has a remarkable impact on the second band as observed in Fig
2.7. The lower cutoff frequency of the second operating band is shifted down from 6.05 GHz to
5.15 GHz and the bandwidth is widened and extends to the end of the simulation range of
frequencies, hence the operating frequency decreases from 6.62 GHz to 5.92 GHz. A shift of

the first resonance from 2.47 GHz to 2.39 GHz is also noticed.
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Fig 2.7. Simulated return loss of modified F-shaped structure.

2.4.2 Parametric study

A parametric study is performed to observe the effect of the vertical rectangular strip on the

return loss.
a) Effect of the width W3
The simulated return losses for different values of W3 are depicted in Fig 2.8 and it is
evident that it has an effect on both bands especially on the first one. By increasing W3
from 1 to 4 mm, the first resonant frequency shifts from 2.56 GHz to 2.31 GHz. Good
impedance matching with closest resonant frequencies to the intended RFID

application in both bands, is achieved when Ws= 3 mm.
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Fig 2.8. Simulated return losses for a set of W5 values.

b) Effect of the vertical strip length L4

Fig 2.9 displays the simulated return loss for different values of the vertical strip length
L4, and it has clearly a remarkable effect on the second band. Without ignoring the small
impact on the first band, where increasing L4 leads to the down shif of the frequencies.
To have the best return loss level with the closest resonant frequency to 5.8 GHz, L4=

6 mm is chosen.
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Fig 2.9. Simulated return losses for different values of La.
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2.4.3 Currentdistribution

The concept of this dual band antenna is better understood by illustrating the surface current

distributions at the desired resonant frequencies. Fig 2.10 and Fig 2.11 show the surface current
distribution of the modified F-shaped antenna at 2.39 GHz and 5.92 GHz respectively. It is

clearly observed that the current concentration is dense on the main strip and the vertical
rectangular strip at 2.39 GHz whereas at 5.92 GHz, the current is dispatched all over the

structure i.e., any change of any parameter would affect the second operating band.

surface current (f=2.39) [1] &
Component Abs

Frequency 239 GHz

Plot attribute RMS

1 (Plot)  32.3542 dB(A/m)

dB(Am)
17
14
11
8
5

0

Fig 2.10. Simulated current distribution on the antenna at 2.39 GHz.
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Fig 2.11. Simulated current distribution on the antenna at 5.92 GHz.
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2.4.4 Maximum gain and efficiency
a) Maximum Gain
The maximum simulated gain sweep on the frequency range (1-8 GHz) is presented in
Fig 2.12. It is seen that the maximum gain increases exclusively in the two operating
bandwidths. The peak realized gain at the first resonance is 1.93 dBi. Whereas at 5.92 GHz,
the peak gain reaches 2.94 dB,.
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Fig 2.12. Antenna’s peak gain versus frequency.
b) Efficiency

One of the important radiation characteristics is the efficiency and Fig 2.13 gives the
variation of the radiation and total efficiencies in the two operating frequency bands . At the
first operating frequency, about 90% radiation efficiency and 86.5% total efficiency are

achieved. Similarly, at the second resonance, 79.6% radiation efficiency and 76.6% total
efficiency are reached.

1D Results'Efficiencies [Magnitude]

1 — 17

+  Rad Ffficiency [1]| !

+  Tot Efficiency [1] v ; ,-ﬁ |

0.9

08 St SRR EEEEEEEEEEE o‘g“tdtr """""""""
i ehod 188804
R TR T iy
L | ¥ - A A7
e q (2398303, 0.9004338 ) |: A 0,"
L R @ (5920079, 0 B
05 .._.._._.._...._: ................ :_% L= S U S
: e s 7
0.4 ‘ ‘
03

02

01

0

Frequency / GHz

Fig 2.13. Simulated radiation and total efficiencies versus frequency.
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2.4.5 Radiation pattern
The antenna is aligned along the Y-axis, what makes ¢ the polar angle while 6 is the azimuth
one. E-plane is obtained by fixing theta 8 to g that is the two-dimensional (X, y) plane, and
H-plane is gotten by fixing ¢ to 0 i.e., the (X, z) plane. The E-plane and H-plane radiation
patterns at 2.39 GHz and 5.92 GHz are illustrated in Fig 2.14 and Fig 2.15 respectively.

According to simulations, in both operating frequencies, the resonator provides an

omnidirectional pattern in the H-plane, however in the E-plane, the pattern has a figure eight.

180 180

@) (b)
Fig 2.14. The H-plane radiation pattern at (a) 2.39 GHz and (b) 5.92 GHz.

180 180
@) (b)
Fig 2.15. The E-plane radiation pattern at (a) 2.39 GHz and (b) 5.92 GHz.
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2.5 Comparison of the three structures

From the appearance perspective, the first patch shape was a I'-shaped structure, then it became a
simple F-shaped one and finally modified F-shaped patch and this design evolution is illustrated
in Fig 2.16. The progress of reaching the corresponding microwave resonant frequencies for RFID
application is seen through the frequency shifts of the bandwidths and the improvement in

matching after adding the two arms to the first structure. This explanation is shown in Fig 2.17.

] ] ﬂ

] ]
i, 0 i i
il | |
(a) (b) ©)

Fig 2.16. Patch shape evolution (a) Gamma (b) Simple F and (c) Modified F.
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Fig 2.17. Simulated return losses for I'- shaped, simple F-shaped and Modified F-shaped
antenna.
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2.6 Conclusion

Throughout this second chapter, an evolution of the antenna design from to one to finally modified
F-shaped patch is presented. As a first stage, a I'-shaped structure is introduced along with its
corresponding return loss graph. A horizontal rectangular strip was added, and geometrical
parameters values were assigned according to simulated return loss and parametric study to create
a second band which led to the simple F structure. Another rectangular strip of a vertical alignment
modified the previous structure and shifted down the resonant frequencies to the desired ones
suitable for RFID application, and exclusively for this final structure, the current distribution,
maximum gain, efficiencies and E and H planes were simulated and discussed. At the end of the
chapter, a comparison among the three designs was made.
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CHAPTER 3: Design and Analysis of a Comb-Shaped Monopole Antenna

3.1 Introduction

To reduce the size of the modified shape antenna, some modifications are made to the modified
F- shaped antenna. The main modification is the introduction of a comb structure.

3.2 Comb-shaped antenna

In the process of reaching the final comb-shaped structure, the vertical rectangular strip
presented in the modified F structure is eliminated and n horizontal rectangular strips with
equal lengths L¢ and widths W; are attached. They are placed distant from each other as can
be seen in Fig 3.1.

A JlLs Wc ‘n
% I::g
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H‘ I |_ z l— T r
(@) (b)

Fig 3.1. Comb-shaped antenna structure (a) top view (b) back view.

Tab 3.1. Comb structure parameters’ values.

Parameter L Ls Lc Lg gap W W

Value (mm)| 32.8 3.8 1.8 10.5 0.4 8 4

3.2.1 Simulated return loss
The simulated return loss for the comb-shaped antenna presented previously is presented in
Fig 3.2. It is seen that the second band central frequency is exactly 5.8 GHz with a return loss
level of -19.82 dB, this band extends nearly from 5.6 GHz to 6 GHz. Meanwhile, the first
operating band (2.27 — 2.77 GHz) has 2.48 GHz as a resonant frequency with return loss
level of -25.73 dB.
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Fig 3.2. Simulated return loss of comb-shaped structure.

3.3 The effect of the comb structure on return loss
Since the vertical strip that modified the F structure was removed, extra strips must be added so
that the frequency restabilizes to the RFID purpose one. To observe the effect of this comb

structure

3.3.1 Effect of the spacing (gap) between the elements
Fixing the number of elements n = 5, width of one element Wc=4 mm and its length Lc =
0.9 mm, a parametric study of the gap is held. Fig 3.3 shows the different simulated return loss
for each value of the gap. It is seen that it has a small effect regarding the second band and no
effect of the first one, and the best result in terms of matching and closest resonant

frequency to 5.8 GHz is obtained for gap = 0.4 mm.
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Fig 3.3. Simulated return losses for different values of the gap between elements.

3.3.2 Effect of the comb element length Lc
Previously, the values of the comb element’s length L¢ were assigned 0.9 mm and 0.3 mm
respectively. Therefore, for the study of the effect of L., the comb element other parameters
are kept constant (gap = 0.4 mm, n =3 and W¢=4 mm). In Fig 3.4, the simulated reflection
coefficient for different values of L, from the set (1.6 — 1.9 mm) with a 0.1 mm step, is
displayed. It can be seen from the results that the second operating band is slightly affected
by the length L. Focusing on the graph of L. = 1.8 mm, the second resonant frequency is

perfectly matched to 5.8 GHz with a level of -19.82 dB.
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Fig 3.4. Simulated return losses for different values of the length L.
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3.3.3 Effect of the comb element width Wc
In Fig 3.5, the different simulated return losses for different values of W¢ from 2 to 5 mm
are presented. Emphasizing on the graph of W¢ = 4 mm, it shows a remarkable effect on the

second band, and it is the most suitable value to cover the 5.8 GHz RFID operation.
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a esee S1.1(We=2) ------------- ----------------
g — S1,1 (We=4) ]

% _.__% .............................................
=] :
= :

g SOV SN .| WU SURVUI. WONE. SO, | ' ST S——
M ]
230

1 2 3 4 5 6 7 8

Frequency / GHz

Fig 3.5. Simulated return losses for set of values of width W..

3.4 Effect of L3 on the antenna return loss

In the design of modified F antenna, 3 mm was assigned to the separation of the patch from
the ground Ls. Fig 3.6 shows the separation of the vertical strip from the ground for the comb
structure. a set of values of Lz are simulated and their corresponding return losses are

illustrated in Fig 3.7. a length of 9.5 mm is adopted for the intended RFID requirements.

2
¥

Fig 3.6. Comb structure with an illustration of the separation from the ground parameter.
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Fig 3.7. Simulated return loss graphs for different values of separation from the ground Ls.

3.5 Currentdistribution

The simulated surface current distribution of the proposed comb-shaped antenna at 2.48 GHz
and 5.8 resonant frequencies are displayed in Fig 3.8 and Fig 3.9 respectively. At 2.48 GHz, the
current is concentrated in the feedline and its density decreases as it reaches the edges. The comb
elements have a small effect since the most of the current there tends towards zero. Whereas at
5.8 GHz, the current is gathered all over the patch including the comb structure, although it is
less dense at the edges (the comb elements), any change at any spot will noticeably affect the
second resonance. In the other hand, in the first resonant frequency, the current in the ground is
dispatched symmetrically from the feedline and fades eventually when going towards the
edges. Meanwhile at the second operating frequency, the current has higher intensities in comb

patch structure and zeros at only the edges.
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Fig 3.8. Simulated surface current on comb-shaped antenna at 2.48 GHz.
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Fig 3.9. Simulated surface current on comb-shaped antenna at 5.8 GHz.

3.6 Maximum gain and efficiency

3.6.1 Maximum gain

The peak realized gain evaluated at the first and the second operating bands is in Fig 3.10. At
the resonant frequencies 2.48 GHz and 5.8 GHz, the maximum gain reaches 1.85 dBjand 3.09

dBi respectively and it is noticed that it increases with the increase of the frequency from lower
to higher cutoff frequencies.
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Fig 3.10. Antenna’s peak gain versus frequency.

3.6.2 Efficiency
The radiation and total efficiencies are simulated, and their graphs are displayed in Fig 3.11.
This figure indicates that the radiation efficiency reaches 92.3% at the first resonance and about
73.78% at the second. Meanwhile, a total efficiency percentage of 87.3%, 72.39% is recorded
for 2.48 GHz and 5.8 GHz respectively.
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Fig 3.11. Simulated radiation and total efficiencies versus frequency.

3.7 Radiation pattern
Simulated radiation patterns in the E-and H-plane of the proposed antenna at frequencies 2.48 and

5.8 GHz are illustrated in Fig 3.12 and 3.13 respectively. The antenna radiates omnidirectionally
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in both frequencies in the H-plane while in E-plane, an 8-shaped radiation pattern is provided
at 2.48 GHz. and a radiation pattern which tends to be directional with side lobes where the
first secondary lobe level is -2.2 dB at 5.8 GHz.
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180 180
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Fig 3.13. The E-plane radiation pattern at (a) 2.48 GHz and (b) 5.8 GHz.
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3.8 Comparison between the comb and antennas from recent literature

In Tab 3.2 a comparison is made between comb antenna and two reference antennas of recent
literature regarding dual band monopole antennas working at microwave frequencies for RFID
applications 2.4 GHz and 5.8 GHz. [13] is the first reference antenna (2020) and [14] is the second
one (2019). Tab 3.2 shows that the proposed antenna have better results in terms compact size
amongst the three. Also, it gives a larger bandwidth in the first band than the two others.

Tab 3.2. Comparison of the proposed comb antenna for RFID application with recent literature.

Resonant Footprint in

Antenna size Operatin Bandwidth 2
Antenna - - frequencies  tErMs of Ao
(LxW) (mm?)  Bands (GHz) (MH2z) (At the first
(GH2) resonance)
[13] 113 x31 2.29 - 252 110 2.4
X
5.24 — 5.76 260 55 0.224
22-26 400 2.6
[14] 34 x 10 0.027
5.3-6.8 1500 5.8
P q 328 %8 2-32 1200 25
ropose 8 x
comb 5.55 - 6 450 5.76 0.013

3.9 Realization and testing of the comb-shaped antenna

The comb-shaped antenna was fabricated and tested by measuring the S11 parameter using the
Vector Network Analyzer (VNA) scanning the range of frequencies from 100 kHz to 10 GHz. The
photograph of the top and bottom views of the realized antenna is shown in Fig 3.14. Comparing
the graphs of the measured and simulated reflection coefficient S11 in dB appearing in Fig 3.15, it
is deduced that the results are in a good agreement especially in terms of the two resonant
frequencies where measured values were recorded as 2.5 GHz and 5.76 GHz that are close to
simulated values of 2.48 GHz and 5.8 GHz with an error percentage not exceeding 0.8 %. From
the bandwidth perspective, the antenna practical performance gave a 1200 MHz bandwidth starting
from 2 GHz, for the first band, and a 450 MHz bandwidth that extends from 5.5 GHz to 6 GHz,
for the second band. The Two bandwidths cover the RFID microwave frequencies (2.4 GHz and
5.8 GHz). The difference between the measured and simulated results majorly depends on the

manufacturing tolerances and precision, the non-exact value of the thickness and the dielectric
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substrate relative permittivity, SMA connector, soldering effect and reflections from the

surrounding objects.

(b)

Fig 3.14. Fabricated comb antenna (a) top view and (b) bottom view.
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Fig 3.15. Simulated and measured Si1 in dB versus frequency.
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3.10 Conclusion

In this chapter a comb-shaped design is proposed to 2.4 and 5.8 GHz allocated to the RFID
application. It was analyzed by studying each element’s parameters and their effect on the Sis
graph, to decide their final assigned value. The distribution of surface current on the patch and the
ground were illustrated. Moreover, the maximum gain and efficiencies were plotted within the
operating bands. Also, the antenna showed an omnidirectional radiation pattern in x-y plane and
deformed 8-shaped directional pattern while radiating in y-z plane. Last but not least the proposed
antenna was compared to two reference antennas in recent literature and at the end of the chapter,
the antenna was realized and tested using VNA by plotting the magnitude of Si11in dB versus the

frequency in GHz and the obtained measurements were satisfactory and good with simulations.
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General conclusion

In this work, a compact comb-shaped microstrip monopole antenna is presented for 2.4/5.8 GHz
RFID applications. The proposed geometry is printed on a low-cost FR-4 substrate having an
overall dimension of 28 x 32.8.mm?, which by attaching a three-element comb structure to an
F-shaped monopole antenna, desired compact dimensions and dual frequency operation are
achieved. The operating bands can be easily controlled by changing the dimension of the
introduced comb .

To design the proposed comb-shaped antenna, three intermediate structures have been considered.
The first design consists of an I'-shaped monopole antenna. The simulated results have shown that
the structure operate in a single frequency band extending from 2.25 t02.68 GHz centered at 2.47
GHz. To create another resonant frequency, a horizontal rectangular strip has been connected to
the I"-shaped structure to derive the F-shaped antenna. This resulted radiator operates in two bands
extending from 2.28 to 2.47 GHz and 6.05 to 7.23 GHz. The first band covers the 2.4 GHz RFID
operation band whereas the second band is not covering the 5.8 GHz RFID intended band. To
cover this second band, a vertical strip has been connected to the upper extremity of the horizontal
strip of the F-shaped design. The resulted structure is the modified F-shaped antenna which has
shown dual-band operation covering perfectly the two intended bands with an overall size of
28 X 34 mm?.

To reduce the size of the modified F-shaped antenna without altering the operating frequency
bands, a comb structure has been loaded between the horizontal arms of the F-shaped antenna.
The obtained structure is a comb-shaped monopole radiator. This proposed structure has a compact
size and work in two bands extending from 2 to 3.2 GHz and from 5.55 to 6 GHz covering
widely the desired 2.4/5.8 GHz RFID operation bands. The simulated radiation pattern has shown
that the proposed structure is having an omnidirectional pattern in both operating bands. To
validate the proposed design, the comb-shaped antenna has been fabricated and its return loss has
been measured and compared to the simulated results. Good agreement between the simulated
and measured return losses is observed which make the proposed antenna is well suited to be used

in the desired frequency bands.
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