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Abstract

This thesis involves the development of a new and compact microstrip loop
antenna which combines high gain and broad bandwidth in an easy to fabricate
structure. The antenna has many potential applications as its geometrical layout
makes it easy to design linear and planar arréys. Practical antennas in the form
of 1l-element, 2-element, 4-clement and 8-element were successfully constructed
and tested at the frequency band of 940-956 MHz for a personal communication
service (PCS) system. Experimental investigations were also carried out for
applications in the band of 2-GHz wireless telecommunication systems. Instead of
the traditionally used uniform current approach, the antenna’s radiation patterns are
modeled in a more realistic fashion: a non-uniform current distribution approach.
This approach yields formulas which can be conveniently used to predict the
radiation patterns of the antenna and the antenna arrays. The theoretical

component of the microstrip loop antenna is also presented in this thesis.
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Chapter 1

Introduction

1.1 Review of Microstrip Antennas

In the antenna field, microstrip antennas have played an increasingly active
role since the mid-1970’s, contributing new developments and applications. The
most important feature of microstrip antennas is that the radiating element is made
on a substrate board by using modern printed-circuit technique. This technique
provides the microstrip antennas with significant advantages over conventional

antenna designs, which are listed in the following[1]{2][3]:

1. They are low profile, reduced weight and inexpensive to manufacture in

large quantity.



2. They are easily conformable to nonplanar surfaces and are mechanically

robust when attached to a rigid surface.

3. They are versatile elements and can be designed to produce a wide

variety of patterns and polarization.

4. Adaptive elements can be made by simply adding appropriately placed
pin or varactor diodes between the patch and the ground plane. Using
such Jloaded elements one can vary the antenna’s fesonant
frequency[4][5], polarization[4][6], impedance[7], and even the pattern by

changing bias voltages on the diodes[8].

5. Applications can be expanded by grouping many identical radiating

elements to build linear or planar arrays[9][10][11].

As the wireless telecommunication industry grows, there is an increasing
demand for low profile, low cost and high performance microstrip antennas. It is
reasonable to believe that research in the field will remain very active and is

likely to continue for many years.

The microstrip antenna concept and its possible applications was first
suggested by Deschamps in 1953 [12]. A long time after the original suggestion
was made, the first actual microstrip antenna was built by Munson in 1973 [13].
His work was to develop a flat antenna which could be mounted on rockets or
missiles, and this work is considered to have led to the birth of the new

microstrip antenna industry. In 1979, a specialists’ meeting was held in Las



"Cruces, New Mexico. This meeting marked the beginning of an international

interest in microstrip antennas [14].

A typical microstrip antenna is a rectangular patch antenna. The radiating
~ element is printed on the top surface of a substrate board, and the ground plane
is printed on the bottom surface. The substrate is very thin (the thickness
dimension is in the range of 0.003 to 0.005 free-space wavelength), consequently
the antenna bandwidth is very narrow and its radiation efficiency is very low.
The typical values of the rectangular patch are 3-5 percent of bandwidth and 56

dB of gain.

Mathematical analysis of the microstrip antenna is initially carried out by
using the transmission line model to represent the rectangular patches [15][16].
This method gives the simplest way to explain the physical mechanisms of the
~ microstrip antenna.  Another method is the cavity theory which gives deeper
insight into the operation of microstrip antennas. This method is also called the
modal-expansion cavity technique and can be used to analyze a number of
geometrical shapes of the patches such as rectangular, circular disk, circular ring,
semicircular, and triangular [17]. Tﬁcse two techniques were developed under a
general assumption: the substrate is electrically thin, therefore, these techniques are

not valid when the substrate becomes thick.












antenna offers better performance, even though it uses a structure which is less
complex than that of conventional microstrip antennas. It also follows that the

antenna assembly is simpler.

The analysis of electrically large loops is frequently under the assumption
of uniform current amplitude and phase [26][29]. However, .in real situations the
current does not behave this way. Based on a nonuniform electric current
distribution, a radiation model for a resonant circular loop is also developed.
This model results in the very simple formulas for the far fields radiated by the
loop. These formulas can be easily used to predict the radiated field patterns for
the microstrip loop antenna, as well as loop array antennas. They can also be
used to determine the best spacing between array elements in a process of
optimum design. Simulation results for the previous mentioned antennas are very

close in comparison with experiment measurements.

Radiation modeling of the microstrip loop antenna is presented in chapter
3. Design considerations, experiment measurements and antenna simulation results

are discussed in chapter 4.









permittivity €, permeability p and conductivity 0. They are complex in general,

but in many antenna problems they can be approximated as real quantities.

The antenna problem consists of solving Maxwell’s equations for the far-
fields E and H which are created by an impressed current distribution J on
antennas. How one goes about deriving the current distribution depends on what
kind of antenna one is dealing with. For microstrip antennas, it is not an easy
task to determine the current J, because multilayer dielectric substrates are
involved and Maxwell’é equations are not as simple as expressed in equation (2.1)
anymore. However, for the moment we suppose that thé J is a known current
distribution. With this assumption the antenna’s radiation problem can be solved

in a very straightforward way [26].

For obtaining the far-fields E and H, two potentials are introduced: the

magpetic vector potential A and the electrc scalar potential ¢, and they are defined

by:
H= lV XA
U
2.2)
E + jwA =-V¢

With this definition and the Lorentz Gauge :V-A=-joue'd, the fields within

equation (2.1) can be replaced by an expression in terms of the vector potential

A:

10



VA +0%ue'A = -uJ (2.3)

This equation is called the vector wave equation, and the solution of this equation

is given by:
—jBR
e

(2.4
B = o’

where R is the distance vector measured from the source point to the observation

point. For the antenna radiation problem in the far-field region, we usually

assume that 0=0, so that €=e. Then we have the above expression for 3 which

is recognized as the phase constant for a plane wave

With the concept of vector potential A, we can summarize the procedure
of finding the fields generated by a given current distribution J: first we solve the
integral equation (2.4) and find the vector potential A, then we can obtain the

far-fields H and E using the following formulas:

H=lVXA

11

= _L(V xH-J) (in the source region) (2.5)

=—VxH (in the field region)

11












2.3 Electric Current Distribution on the Circular Loop

Antenna [28-33, 35]

To determine the electric current distributed on the loop, the integral
equation method is used. This integral equation is obtained from the boundary
condition that requires the tangential component of the electric field to vanish at
the conducting loop surface. Then, the electric field is determined by
E=-V¢—jwA. The loop considered here is a very thin wire conductor. In ’
other words, the radius of the wire a, is much smaller than the loop radius b.

Thus, the field E in the above equation can be written in terms of its -

component E:

_=Vd@) _ (18 .
E,=—2""= (b a(p+j(oAq,) (2.6)

where the term V 6(p) represents a delta generator placed at a point @=0, and it

is defined as: J.qu,dcp= V,. The scalar potential ¢ and vector potential A on
-x

the loop surface at ¢ are given by:

1 T 1 — 1 (]
o= _fxq(fp W (o —¢")do
@27

A, = [1@)We-@)cos@-o')dy

15



In these two equations, ¢ is generated by the electric charge distributed on the

surface of the loop, A is generated by the current in the loop wire, the notations

¢ and @' are related to the observation point and the source point, respectively,

and W(@—9’) is the kemnel:

b Fe it
W(p-¢') === [Z—dy
2 1

r=~ \ﬁbz sin2¥ +B? (2.8)

4

B = 2asin—
2

The definitions of @, @', r, B, and ¢ are shown in Fig. 2.1 [31]. In the
equation of continuity (in previous section 2.1) VxJ=-jwp, the ¢@-dimensional

distributed charge q(¢’) and the current I(@’) are related as:

1dI(g")
b do'

+joq(g') =0 (2.9)

Now substitute (2.9) into (2.7) and then take the derivative, it follows that

9% _ -] ]"aI(qJ') d
o 4newd J d¢' J¢'

W(p-9¢')de' (2.10)

After an integration by parts, it becomes

%__J 38 10" Wie-¢")de (2.11)

-X

¢ 4mewb dp?
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Wp—9' 3
(@-¢) = D) K, e

n=-—oo

K(p-¢' 3
@-0) = Faere

n:=—o0



I((p) _ ilne-jnw

n=-e

1 T 1\, in9' |.
I = -2;:[1 (")e™ do

(=311

() n=1 @y,



where n is the cormesponding integer. In particular, when the loop size is near

the first resonance 2wb=1A, the loop is referred to as a resonant loop

2.4 Resonant Circular Loop Antenna

The resonant loop is the most frequently used electrically large loop

because it has a reasonable input resistance, R=100  [33]. This feature is a

favorite in practice for matching the antenna to a transmission line. The resomant
frequency of a resonant loop can be easily determined by calculating the loop

circumference:

2mb =1, (2.17)

where b is the median radius of the loop, and Ag is the wavelength in dielectric

substrate.  Correspondingly, the curmrent distribution presented in equation (2.16)
may be replaced by a simple form:

I(¢p) =I,cos¢ 0<¢<2=n (2.18)

where Ip is the current amplitude coefficient. Fig. 2.2 is the plot of the current
that is symmetrically distributed about the y-axis. The current maxima points are
at the generator (¢=0) and at the diametrically opposite point (¢=rn). The

electrical current nodes are located at ¢=n/2 and 3w/2.

20



Fig. 2.2 The Current Distribution in the Resonant Circular Loop

2.5 Linear and Planar Array Factors

An antenna array is defined to copsist of a group of individual radiators
distributed in a linear or two-dimensional spatial configuration. By controlling the
amplitude and phase excitation of each radiator, we can obtain a radiated beam of
any desired shape in space. In communication systems, antennas array can be
used to direct high-gain beams toward - distant receivers and transmitters. The
radiation pattern of the array is determined by the type of individual elements
used, their orientation, their positions in space, and the amplitude and phase of

the currents feeding them.

21



In this section, we shall briefly review the discussions on the basic forms
of linear array and planar array[26][35], and present the array factors of each
form. These two factors shall be used in the discussion of microstrip loop

antenna’s modeling in next chapter.

plane wave

array factor (array output current)

Fig. 2.3 A basic linear array configuration

22



Fig. 2.3 shows the basic configuration of the linear array, consisting of N
radiators equally spaced at a distance d apart. This array works as a receiving
antenna, but by reciprocity its receiving pattern is the same as the transmitting
pattern. The signal from a distant transmitting antenna is repeesented in Fig. 2.3
by a plane wave with an incident angle of 8 measured from the normal direction
of the array. The current output of the array is referred to as amay factor and is

given in the following form:

AF=A_+ Alei'# + Azejz‘l’ + A3ej3“' oot AN_lej(N—.-l)lP

(2.19)
=A, [1+ el +e?¥ + P+ —l-e"‘““""]

where we have assumed that As=A=---=Ayn .
Since

AFxe = A [ + e + e te™] (2.20)
we have

AF— AFe® = AF(l-e'*)= A, (1-e™) 221)
or

23
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Chapter 3

Radiation Model of the Microstrip
Loop Antennas

In previous review of the existing analyses for circular loop antennas, we
noted that the uniform current method is only suitable for modeling the
electrically small loops, while the Fourier series method is not convenient for
practical antenna design. This chapter introduces an alternative approach that
gives the far-field expressions for the circular resopant loop antennas. The
objective is to provide an antenna model which gives a clear physical insight and

can be easily used to predict the radiation patterns not only for single element

26









Before we derive the radiation patterns, let us place the equivalent circular
loop in the xy-coordinate plane with its center at the origin of the rectangular
coordinates x, y, z and the spherical cbordinates R,, 6, ®, as shown in Fig. 3.2.

The loop is driven by a point-source generator of voltage V at the position ®'=0.

Vector Potential dA at P-point due to the Current Element dI

Fig. 3.2
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Because the antenna is working at its first resonant frequency, the radius of the
loop ( b in Fig. 3.2) is given by equation (2.17), and the current distributed on
the loop is given by equation (2.18). Then, we define the notations which are
used in Fig. 3.2 and in the later discussions in sections 3.2 and 3.3. A source

point is defined on the loop with a angular coordinate ¢’. P is the observation
point which is located in far-field region and defined by coordinates R,, 6, and ¢.

The distance between the source point and the observation point is R. The
notations r and s are the intermediate paramétcrs, which are used only for
convince of discussion. Clearly, they are determined by s2=12+b2-2rbcos(¢-¢’),

and r=R,sin6, respectively.

3.2 The Vector Potential A of the Resonant Loop
Antenna

Now, let us consider an infinitesimal current element I(®’)dl in the loop

and a vector potential element dA generated by this current element. As

illustrated in Fig. 3.3, the cument element I($’)dl may be presented in terms of x

and y directional components as:

30



dl  dJ,

dl;

4
& —
z

Fig. 3.3 The Infinitesimal Current Element and the x- and y-components

dI, = —I(¢") sin¢'dl

dI, = I(¢') cos¢'dl (3.1)

Correspondingly, the potential dA generated at the field point P(x, y, z) or P(R,,

6, @) can be presented as:

31



x E R x
(3.2)
~jBaR
da, = 4ie —d,
514

where (3, is the phase coefficient given by B, =2m/A; (A, is the wavelength in
free space), and R is the distance between the source point and the observation

point P:
R? =z +s* =RZcos’0 +* (3.3)

where R, is measured from the origin to point P. Referring to the triangle

having sides b, s, and r in Fig. 3.2, and using the cosines law, we have:
s* = R%sin?@ + b? — 2bR sinBcos(¢p — ¢') (3.4)

It is assumed that the observation point is located sufficiently far distance from

'the loop, so that :

b? << R? (3.5

The distance R is then approximated by:

R = R, —bsinBcos($p — ¢') (3.6)

Substituting equations (3.1) and (3.6) into (3.2), we have:

32



_“ e"jpoRo

* 4x

I(q)') Sin¢' dl ejp.b sin® eo.s(¢..")]

(3.7)
e—jpoRn

i
Y 43 R

1(¢") cos¢'dife 0=t |

]

Note that we may ignore the effect of bsinfcos(¢-¢’) on the amplitude but we

may not ignore the effect on the phase when we substitute (3.6) into (3.2).

Equation (3.7) is the vector potential dA generated by only one source
current element dI in the loop. To obtain the total vector potential A, we have

to integrate all the contributions from every element in the loop.

As mentioned before, the resonant cir.cular loop has a symmetrical current
distribution. This feature can be used to simplify the integration procedure. Let
us consider the two exciting sources: a pair of cument elements diametrically
opposed in the loop as shown in Fig. 3.4. Since these two elements are equal in
amplitude but out of phase with each other, their contribution to the field point P

can be written as:

dA, = ;_[.1 e BoRo 1(¢") sing' dl[ejp,bsineooau-y) + e—jp,bsmacos(¢_¢-)]
A o -
(3.8)
u e—jpoRo 3 bsin® ( .) 5 bin® ( ,
da, “4m R 1($') cos¢' dlfeiPePsin®oosie=#) 4 giBbsin °°‘°‘¢’]
T

o

and the total A should be evaluated in the integral region of -2 < &' < /2 :
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_ —_l-l' bIoe—jpoRo

2 R

sin¢'cos¢'cos|B,bsinBcos(¢ - ¢') H¢'

x'*[g“‘
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3.3 Radiation Patterns in the E-plane and H-plane

3.3.1 The E-plane Pattern of the Circular Resonant Loop

According to the definitions of the E-plane and H-plane (section 2.1) and
the current equation (2.18), we know that the E-plane is the yz-plane (or the
plane: ¢=n/2), and the H-plane is the xz-plane (or the plane: ¢=0). Let us first

deal with the E-plane pattern.

Consider an arbitrary pair of infinitesimal current elements located
symmetrically to the y-axis, as shown in Fig. 3.5. Since the x-components of
current are equal in size but opposite in direction, only the y-components of

curre'nt give contribution to radiation patterns in the E-plane.
Substituting ¢=n/2 and cos(w2-¢")=sin¢’ into equation (3.9), we have:

A, =0

Xe

(3.10)

—JBoRe %
A =Ep._b1 o jcos ¢'cos[(f3°bsmesm¢ )]ﬂ¢

Ye
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By introducing the new variable W:

=o'+ =
b=+
cos¢’ = sin

sin¢’ = —cosy

cos® ¢’ = sin’ P = % (1 —cos21)

d¢' =dy
we have:
-jﬁoRo E
A, = 2&&2_ fcosz ¢'cosli3°b sinOSin(d)')}id)'
n o  x
2
IJ' bIoe"ﬂoRo x 1 . }l
=——o f —(l—coszq))cos[— 3, bsinBcosyP H
2 R, L2

=%M[§. ]“ COS(UCOSIP)d —-J]iq,J;;:OSZIl)COS(UCOSlP)dIP:'

$=0

—HELETE )1, 0)]

(]

where u=(3,bsin6, and Jj(u) is the Bessel functions given by:

(3.11)

(3.12)
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dl, dl dl dl,,
dI x2 dI xL N\
b
¢, ¢
2 1 X
\V
Z
Fig. 3.5 Only the y-components make contribution to the E-plane pattern

T, (u) = 1 Icos(ucosﬂ))dlb
T lo

J,(u) = 1 Icos(ucosw)coszwdﬂ)
T yro

(3.13)

J,(u) = 1 Tcos(usin P)cosnpdyp
T yio
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Than, we can rewrite the y-component of A (3.12) in the E-plane as :

bI € ~iBsRo
A, = = s [, Ging) +7, (sin6)] 3.14)
Finally, the radiation field intensity E in the far-field region can be obtained by
substituting A (3.14) into E = -jwA (2.2) :

- j(prIoe-jp°R°
*T 4R

0

E

[1,in6) +7, (sin6)] (3.15)

3.3.2 The H-plane Pattern of the Circular Resonant Loop

For the H-plane (xz-plane) patterns, we consider an arbitrary pair of current
elements located symmetrically to the x-axis. Note that the x-components of the
currents remain equal in size but out of phase with each other (Fig. 3.6), so the
x-component still contributes nothing to antenna radiation in far-field region, and

only y-component has to be taken into account.

38



Fig. 3.6 Only the y-components make contribution to the H-plane pattern

Substituting the H-plane conditions ¢=0 and cos(0-¢")=cos¢’ into equation (3.9)

gives:

39



(3.16)

ubIe""
»“ 2% R

o

A }cos 0 cos[[3 bsinBcos(¢' )liq)

Using the new variety ¥ and (3.11), we have:

bl e i#eRo 2
A, = ZP;I: o® J. cos¢'cos¢'cosﬁ'3 bsmOcos(q)')}iq)'

Z

(]

_jpoRa x =
= EL[l _[ cos(usimp)dtp 1 Ic0321p cos(usiml))dlp] (3.17)
4 R T ¥=0 T ¥=0

= E)-I;’:;;j—ﬂ&o(u)—J'z(u)]

where u=[3,bsin6, and Ji(u) is the Bessel functions and given by:

Jo(u) = 1 jscos(usinw)dw
T i

J,(w) =i jzcos(usinq))coszq)dtp
=0
(3.18)

J (u) = 1 Icos(usin P)cosnpdy
. x ¥=0

Than, we can rewrite the y-component of A in the H-plane (3.17) as :
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jBoRo
A, = ”ble’ ==_[1,(in6)-1,Gin0)] (3.19)

Finally, the H-plane pattern can be easily obtained by substituting equation (3.19)
into E = -joA (22) :

— jooublI e ke
E, =% ~ b, Gin6) -1, GinG) ] (3.20)

3.4 Radiation Patterns with the Ground Plane Factor

The second metal covered substrate is used as a reflector at a fixed
distance behind the loop antenna. If we assume that the reflector plane is big
enough and the metal cover may be approximated as a perfect conductor, the

behavior of the reflector may be explained by using “image theory”[34].

Using this theory, the reflector plane may be removed by placing a virtual
image current source S™ at a double distance 2d from the real current source S*,
as shown in Fig. 3.7. Note that the image current source is in the opposite
direction of the real current source. If the real source S* and the image source
S” generate the radiation fields E* and E, respectively, the total field E should be

the summation of the fields E* and E .
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It is commonly assumed that the observation point P is located in the far-
field region. In this region, we may ignore the amplitude difference of S* and S

, but we have to take the phase difference into account:

E; =-E e Pe2dex0 (3.21)

y

In the right side of above equation, the first term with a minus sign shows that
the directions of the image current source is opposite to that of the real current
source. The second term shows the delay of the E to the E'. For the H-plane

pattern, we can write the total field E:
E, =E;, +E,
_ B, (—eeso) (3:22)
=E,[1, (sin8) - J, (sin0) J( — e =°)
Similarly, we can obtain the E-plane pattern as:
E,.= E‘;e +E,
=E}, (1_e~2iﬂ;d°°s°) (3.23)

= B, [1, 6in6)-+7, 6in0) - o2 =)

In equations (3.22) and (3.23), E, is the maximum value that the field intensity E

can be reached, and E, is determined by:

42



_ — joobl ek

3.24)

~_ to far-field point P

~
~
~

real source plane

d > reflector plane

image sorce plane

Fig. 3.7 The reflector plane and the equivalent image source

3.5 Radiation Patterns of Linear and Planar Arrays

As a mater of fact, equations b(3.22) and (3.23) can be written in a more
general form so that they cover both case of single radiating element and that of

antenna arrays. By multiplying these two equations, (3.22) and (3.23), and the

43



array factors (discussed in section 2.5) together, it follows that the general

expressions of the radiation patterns are:

E,, =E ]I, in6) -1, (sin6) |1 - e#i#- == )AF
(3.25)

E, =E, [Io (sin6) +7, (sinG)](l — g 2ot )AR

where, for single radiating element, AF=1; for linear arrays, AF is given in

equation (2.24); and for planar arrays, AF is given by equation (2.25).

The far-field calculations using the equations in (3.25) shall be discussed

with measured results of the microstrip loop antennas and arrays in next chapter.
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11.2 dBi at 930 MHz frequency. The E-plane beam width is 71° , which is a

little smaller than the width of the half-wavelength dipole antenna (78°).

In Fig. 4.5 are the H-plane patterns. ‘Because there are two radiating
elements arranged in the H-field direction, the H-plane beam is compresscd by the
effect of the array factor (section 3.5). The measured beam width in the H-plane
is 46.1°, Tﬁe highest level of the sidelobes and the backlobe is 18 dB lower

than the value of the mainlobe.

From the return loss plot in Fig. 4.6, we can see thgt the dual-ring
antenna has an opérational frequency range from 846 to 1038 MH. This
corresponds to a 20% bandwidth (i.e. the range over which a -10 dB less return
loss is achieved). The experimental results'show that the antenna’s gain remains
at an acceptable level as the working frequency is varied within this frequency
bandwidth. For instance, the gain measured at 960 MHz remains is 10.8 dBi.
When the frequency is shifted towards the lower edge of the band, the gain falls

off slowly and the value measured at 920 MHz is 10.0 dBi.
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4.4 Radiation Pattern Modeling

In our previous discussion about the radiation model of the loop antenna,
we derived the formulas that can be used to calculate the E-plane and H-plane
patterns. The formulas are also applicable to the case of linear or planar arrays,

where we use the corresponding array factors discussed in Chapter 2.

For the dual-ring antenna, the calculated pattems (shown as the dotted
lines) are plotted together with the measured patterns (the solid lines) in Figs. 4.4
and 4.5. As can be seen, the calculated results are very close to the measured
patterns in the main-lobe region. In the side-lobe and back-lobe regions,
difference appears between the calculation and measurements. This is because the
model is developed under the assumption that the ground plane is an infinitely

large and perfect conducting plane, but this is not the case in practice.

For the cases of 4-element and 8-element arrays, simulations based on this
model, also show very good results, as shown in Figs. 4.9 and 4.10 where the
dotted lines are the calculated patterns and the solid lines are the measured

Pancmﬁ.
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Chapter 5

Conclusions and Discussions

- For a long time, microstrip antennas Wwere characterized by a pamrow
frequency band and low radiation efficiency. Many rescarchers and users tended

to consider these properties as inherent to the microstrip structure itself.

Attempts have been made to increase the bandwidth of microstrip antennas
by using complex geometry in which several modes interact. Other approaches
use one or several additional radiating elements, which have sizes that are slightly
different from that of the main radiating element. These elements are also called

“parasitic elements” [37][38]. However, the most effective way to achieve
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broadband operation is to increase the substrate thickness and to reduce the

permittivity [2].

In recent years, significant developments have been made with SSFIP
antennas. Developers of these antennas have made significant improvements to
the bandwidth of microstrip antennas by using multilayer structures, thick
substrates, materials with low permittivity, and parasitic radiating elements. There
are also several papers in the literature which describe use of aray elements

which are dual-polarized or circular-polarized.

In comparison with SSFIP antennas, the microstrip loop antennas in this
study offer improved performance with much less complexity and lower production
cost. Extensive experiments were carried out using of single-radiating-elements
and antenna arrays in different operational frequency bands. The results of these

investigations can be summed as follows:

1. The loop shape of the microstrip antenna offers better bandwidth
performance than the SSFIP antenna. The measured bandwidth of a
single-loop element is found to be between 10-24%, while the
bandwidth of a single-SSFIP is not likely to exceed 14-15% (2]). For
microstrip loop array antennas, the observed bandwidth is between 20-

37%.

2. Because fewer layers are used in the microstrip loop antenna, its design

and manufacturing procedures are simpler than that of the SSFIP
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antenna. Furthermore, the loop antenna offers comparable gain
properties by using inexpensive substrate materials (see table I and table
1D). It is reasonable to believe that the microstrip loop antenna

provides a favorable alternative for low-cost consumer applications.

3. Microstrip feedlines and electromagnetic coupling are used in the
antenna design, therefore, there is no soldering required between the
feed structure and the radiators. The antenna’s layout also makes it
easy to group many radiating elements to form linear or planar arrays,

so the antenna has many potential applications.

A model for loop antenna radiation is also made by using a nonuniform
current approach. This method gives a very clear physical explanation of the
antenna operation. The derived field formulas can be conveniently used to
calculate far-field patterns because of their simple forms. This is particularly true
for the case of antenna arrays. For optimum design, the formulas can be used to

determine the appropriate spacing for the best patterns of the antenna.
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Appendix

Guidelines for deriving the dimensions of a loop

antenna design

Step 1: The fundamental discussions for the loop antenna
In a previous discussion regarding radiation from the microstrip loop antenna which
was given in Chapters 2 and 3, we noted that the radiation is due to a sinusoidal current
distributed on the loop surface. We may also say that the antenna is a resonant antenna since
it works in its first order resonant mode:
I(¢) =1, coso, 0<¢<2n A-1
~ This condition requires that the antenna dimension have to be one wavelength, i.e.:
2nr =2, A-2
where r is the radius of the loop, and A, is the wavelength of the wave in the dielectric

substrate. Clearly, it is of primary importance when designing a loop antenna to determine

the dimension r, because it defines the antenna’s operational frequency.

Step 2: Determination of the equivalent relative permittivity g,
For a microstrip line, 4, is depended on the equivalent relative permittivity e, which

can be determined by following formulas [40]:
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A’o
A3

Je.

In this equation, A, is the wavelength in free space, and the e, takes a value in a range of :

Ay=

l<g, <g, A-4
where, &, is the relative permittivity of the dielectric substrate. To calculate g, of a microstrip
line, we may use the following equations provided by Gardiol (1981) [40]:

(i) for the strips with a ratio of width to thickness w/h>1,

1
1 1 h)™z
e, ==, +D+- (g, —1)(1+12—) : A-5
2 2 w
(ii) for the strips with w/h<1,
1 1 h)z 2
2
g, == +D+=(e, -1 (1+12—-) +0.04(1—Y—J A-6
2 2 \4 h

where h is the thickness of the substrate and w is the width of the strip line. More detailed
discussions about using these formulas for different situations are available in above marked
reference.

It should be noted that these formulas are not an exact fit to our antenna
configurations. Although at best they are an approximation, we still want to use them to do
the calculation. The main discrepancies between our antenna topology and the first-order
equations are : (i) our antenna topology is not strictly a microstrip topology ( this was

mentioned in Chapter 4) ; and (ii) the radiating structure is located in proximity to a reflecting
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plane. Obviously, these tow factors are not included in these formulas, and we will encounter
errors when using these formulas to design our antenna.

Unfortunately, no formulas exist at the present time for calculating the effective
dielectric constant for our antenna structure. However, the calculation errors can easily be

corrected by using experimentally derived data.

Step 3: Use of experimental data for correcting the calculated results
First, we build a test antenna using the calculated €, and A,, and test the performance
by measuring the return loss and the radjgtion patterns. Generally speaking, there will be a
frequency shift AA, between the desired frequency A, and the tested one Xg:
Ah, =A, -7, A-7
From equation A-3, we have:

AA
Ae, =-2c.’ —* A-8

where AL, is the test data obtained from measurement, and Ag, is the correction item which we
are going to add to the original €, given by A-5 or A-6. Correspondingly, the A, given by A-3
is modified as a new one by:

A
= A9

Then, we can replace the old A, in A-2 with the new one in A-9 to determine the radius of the
loop.
Repeat this correction procedure several times if necessary until the tested frequency is

consistent with the desired one.
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