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ABSTRACT

In this current age of advancements, the wireless products have been driven to small
size while accepting the challenge of fulfilling the system requirements. This has
become even more critical with respect to multiband functionality, which is an

indispensable feature of modern mobile phones.

Antennas are one of the vital devices that enable wireless products. A good antenna
design can relax the system requirements and improve the overall system
performance. Hence, the field of designing handsets antennas is becoming interesting
as the requirement to cover multibands is increasing with limitations of volume and

required efficiency.

Within the scope of the work a cellular handset antenna has been studied and
designed. Recent studies have also shown that the loop antennas are promising

candidates for multiband operation in the mobile phones [1, 2, 17, 18, 24, 27 & 28].

The meander line loop antenna is investigated regarding its potential of covering
today’s GSM/UMTS bands in combination with the new bands for the upcoming LTE
standard. The electrical length of the antenna is increased by folding and bending the

structure in a definite order to get multimode resonant frequencies [2].

The simulations are done in Ansoft HFSS and CST Microwave Studio (MWS). The
proposed antenna can passively cover 824-960MHz, 1710- 2170MHz and 2500-
2690MHz. Furthermore, the potential impedance bandwidth is sufficient to also

enable the coverage of the lower LTE bands 700-790 MHz by means of switching.

The benefit of this antenna that has been designed under the constraint of fitting into
the limited available volume of a modern cell phone is its reduced dependency on
system ground while retaining wideband impedance bandwidth and high radiation
efficiency. It has shown very promising results for Hearing Aid Compatibility (HAC)
and Specific absorption rate (SAR).
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CHAPTER NO: 1 INTRODUCTION
1.1 Background

A single handset has to deal with the multiple services such as voice, data, video,
broadcasting, and digital multimedia contents. The very often required bands are the
global system for mobile communication GSM850, GSM900/1800, the digital cellular
system (DCS) and the personal communication service (PCS) band. In addition to

this, there is GPS and Bluetooth at 1.5GHz and 2.4GHz respectively.

Initially the mobile phones were mainly used for voice data using GSM900, later on
GSM1800 and GSM 1900 were evolved in US for better network capacity, making a
single resonance antenna to dual resonance. With the successful implementation of

UMTS/WCDMA the dual band antenna has been changed to pentaband antenna.

The latest development is the LTE technology. This technology gives higher data
rates for VOIP and online gaming requirements in the handsets and mobile internet
devices. One foreseen associated problem with its antenna design is to cover LTE US
700MHz band while still covering GSM 900, GSM 1800, DCS, UMTS, PCS, and
LTE EU 2500.

In the world of cellular communications there is an ever increasing demand of having
light, short, slim handsets with low power consumption. With the rapid progress in the
mobile phone market, a size reduction of mobile handset has been seen. The slimmer

the handset, the more advanced and latest it is considered.

It has been proved from so far research that there are some fundamental limits and
trade-offs between the physical size of an antenna and its gain, efficiency and

bandwidth [3].

So one has to make some kind of compromise among volume, impedance bandwidth
and radiation characteristics of an antenna while making the smallest possible antenna

that can still work for a given application.



1.2 Development of various handset antennas

Looking at the history of handset antennas, different types of antennas such as whip,
monopoles, diploes, PIFA, loop and helix have been used. One can start from the wire
antennas such as monopole, see Fig.1.1. Its easy to design, light weight, and has
omni-directional radiation pattern. However, the physical length of a monopole
antenna is a quarter of the wavelength at the operating frequency making it
impractically long when sticking out from the mobile phone. It has therefore been

used as an external antenna.

Monopole

NN NS
Ground Feed

Fig.1.1. A typical monopole over a ground plane [4].

Another promising antenna that has come to replace the external monopole is the
inverted- L antenna (ILA), see Fig.1.2. It has also a quite simple structure like that of
the monopole, however, the input impedance has low resistance and high reactance
like that of monopole [4]. Compensating for these shortcomings leads to the inverted-
F antenna (IFA). Such a design adds a second inverted-L section to the end of an ILA,
see Fig.1.3. This additional inverted-L segment makes it possible to tune the antenna.
Both ILA and IFA have inherently narrow bandwidths. In order to improve the
bandwidth characteristics, antenna designers have transformed the horizontal element
from a wire to a plate resulting in the so called planar inverted-F antenna (PIFA), c.f

Fig.1.4.

ILA

NS NS

Ground Feed

Fig.1.2. A typical ILA over a ground plane [4].



IFA

NS TSN

Ground Feed

Fig.1.3. A typical IFA over a ground plane [4].

Feed

Ground

Fig.1.4. A typical PIFA over a ground plane [4].

Nowadays, the PIFA is widely used in mobile handheld devices. It has a self-
resonating structure with purely resistive impedance at the frequency of operation.
ILA, IFA and PIFA have quite simple structure. The tuning parameters to change the
electrical performance are the height of the antenna with respect to the ground plane,
path length of the resonator and the distance between the feed point and short point
[3]. One of the limitations of PIFA over other antennas, such as monopoles or helices,

which are placed outside the handset, is the less gain.

The handset antenna designs starting from a monopole to the PIFA indicates that the
essential component of a handset antenna is ofcourse “wire”. The patch(s) slot(s), and
stub(s) are only used to compensate for the mismatch and improve the radiation

characteristics [4].



Usually PIFA elements have narrow bandwidth but many interesting designs are
successfully covering multiband requirements. Multiple resonances can be achieved
by making different multicurrent paths, multilayer structures and slits [4]. The usual

antenna height for the PIFA is 5-10mm.

1.3 Objective

The main objective of this work is to do a concept study of loop antennas. To see the
bandwidth potential of covering LTE band along with required penta bands. Its
current distributions, dependency on ground plane and body effect on antenna tuning,
also looking into the HAC mode and its compliance with SAR standards. A detailed
discussion about HAC and SAR can be seen in Chapter 4 and 5.

Nowadays it is highly demanding that with multiband performance, the antenna
structure has to remain compact and its over all volume should not go beyond the
acceptable range. The normal techniques to reduce the size of the antenna are to use
shorting pins, stubs, reactive loading and meandering, or folding the resonating

antenna sections in a compact configuration. [5].

Typical smart handset antenna geometry of 50%*10*5mm’ has been proposed and a
meanderline loop antenna is designed meeting the required bands of LTE US

700MHz, GSM 900, GSM 1800, DCS, UMTS, PCS, and LTE EU 2500.

Different kinds of loop antenna designs have been proposed in the past. In the
research papers, some are giving information about the coverage of multiple bands
and some of them give idea about the performance for efficiency, SAR or HAC at a
certain frequency. The proposed work in this thesis contains all the information
together, comprising of antenna design, its usage for multiple bands along with its
performance for efficiency, SAR and HAC for all the bands. As far as the research
studies are concerned, that have been done during the span of this thesis, no such
paper has been seen which explains everything together and which covers all these

bands within the same geometry and with very good performance for SAR and HAC.



As the antenna has to cover the lower band of 700MHz and higher band of 2500MHz,
folded and meandered loop antenna has been suggested for multiband operation. The
proposed antenna consists of a radiating element of the folded loop structure with
uniform meandering on the top side of radiator and unsymmetrical at the back side.
One end is attached to the feed and other end is connected to ground plane. The
feeding and shorting locations are at the center of the lower antenna side in order to

make the current distributions symmetrical on the printed circuit board (PCB).

The antenna has balanced and unbalanced modes for certain frequencies. In the
balanced or self balanced mode it results very less currents on the ground plane,
which makes it appropriate for HAC standard. The proposed antenna may be very
effective in mitigating its performance degradation due to the body effect because it
has lower surface current density on system ground plane as compared to the
conventional PIFA antennas. Which depends on ground plane for their radiation
characteristics, hence the dependence of the loop antenna performances on the system

ground plane can be relaxed.

1.4 Thesis Organization

This report has been divided in the following order. Chapter 1 contains the
background for the mobile antennas, requirements of being used for multiple
applications and objective for this work. Chapter 2 contains the typical challenges
faced by small antennas in terms of its bandwidth, efficiency and quality, theoretical
explanation for balanced and unbalanced antennas and dependency on system ground
plane. Chapter 3 explains the concept study for a loop antenna, the proposed design
simulations in HFSS and measured results for the fabricated prototype. Chapter 4 and
5 gives the theory for the SAR and HAC standards, respectively, simulations in CST
MWS with some comparison with prototype measured results. Chapter 6 contains a
comparison between loop and PIFA antennas and advantages achieved by former over

the later. Some conclusions drawn from this work and future work is also presented.



CHAPTER: 2 SMALL ANTENNA THEORY AND BACKGROUND

2.1 Challenges in mobile antennas

Mobile device communications have become an important part of the
telecommunication industry. Starting with the paging services, there are new
applications emerging every day including tagging, wireless computer links, wireless
microphones, remote control, wireless multimedia links, satellite mobile phones,

wireless internet so its just about everything “goes mobile”.

The significance of mobile phones has increased rapidly in last few years, it has
become a necessity to a human life. Moreover, the rapid growth in mobile
communication systems has led to a great demand for the development of internal

antennas with the multiband and broadband operations.

Handset platforms can have different designs like bar, clamshell, slider, swing and
flip. In the case of a clamshell, slider and flip, the connection points for two parts can
have influence on the antenna performance [6]. There is a need to make a self
resonant and self immune antenna, as there might be some impact on antenna
performance because of the style and its geometry and the presence of other antennas
for GPS or for MIMO functionality. It has lead to an increase in the complexity of the
antenna along with the commercial pressures to make cheaper models that occupy less

volume in the handset.

The two big challenges in designing a handset antenna are: how to use a single
antenna to cover all the useful frequency bands and then how to make the antenna size
small enough so that multiple antennas can be deployed in a handset. So one can see
the pressure to design small, lightweight and user friendly mobile handsets devices

creating a need for the optimal antennas for mobile applications.

The antenna is a device which is used to transform a guided wave to a radiated wave
or the other way around. According to the wave propagation theory the radiation
capability of an antenna depends on its wavelength for the designed frequency. So the

size of an antenna is much more important in determining how well and for which



frequencies this transformation will be satisfactory. For an efficient antenna the size
should be of the order of half a wavelength or larger. By miniaturizing the size of an
antenna, it will influence its radiation characteristics, bandwidth, gain and efficiency.

Moreover, it is not always easy to feed a small antenna efficiently.

Some discussion has been presented below to demonstrate the effect on efficiency (1),

bandwidth (BW), and Quality factor (Q) of an antenna with respect to its size.

2.2 How to define a small antenna?

The first question that comes is how to define an antenna as a small antenna or a large
antenna. There have been some theories that have suggested the size to be of some
fractional part of A (wavelength) as to mark the limitation. Wheeler has defined the

limitation as A/ «t, while some other makes it A/10, A/8 or A/4 [4].

The size of the antenna is very much influenced by the operating frequency in
combination with the targets for bandwidth and efficiency. Electrically large antennas
have higher efficiencies as compared to electrically small antennas. In the case of
internal mobile phone antennas, the available volume is typically small with respect to
the wavelengths of the lower cellular frequency bands (several hundreds of MHz).
Therefore, it is important to understand the trade-offs involved to make a successful

design.

Some of the techniques that have been extensively used in the mobile communication
business, to make the design compact while fulfilling the requirements, are, loading
the antenna with lumped elements, high dielectric materials or with the conductors
using ground planes and short circuits, optimizing the geometry and using the antenna

environment such as the casing to reinforce the radiation .



2.2.1 Dielectric Loading

Dielectric materials available today were originally designed for dielectric resonator
filters putting stringent requirements on the material parameters. Thus, today’s
antenna designers can make use of available low losses and wide range permittivity

(up to 100) materials [7].

Antennas can be loaded by a dielectric material. The permittivity and shape of the
material determines the effective wavelength. As the wavelength is shorter in a high
permittivity material, the antenna size can be reduced. This is due to the concentration
of the electric field in high permittivity materials, which makes the adaptive launching
of a guided wave into free space more difficult. High permittivity materials usually
have higher dielectric losses. If the material is loss free, higher permittivity increases
the Q-factor at a given frequency and thereby reduces the available bandwidth. The
added losses, on the other hand, increases the bandwidth, but, on the expense of

radiation efficiency.

Apart from size reduction, another reason to use dielectric antennas is that they are
more resistant to detuning when placed to other objects like the human body in the
case of the handset antennas. If the dielectric material is used in the antenna where the
electric fields or currents are high, it makes the antenna more efficient than its all

metal counterpart [7].

2.2.2 Lumped component matching

Antennas with a size smaller than half a wavelength show a strong reactive input
impedance and very low resistance. This reactive impedance can be compensated by
loading the antenna with lumped components. This might be a simple way to make

the antenna smaller, at the lower resonant frequency.

This can be illustrated by the example of a simple loop. Its input impedance is highly
inductive and can be matched with a capacitor. As the radiation resistance of a loop

antenna is much small, any losses caused by the matching circuit or the antenna



structure itself can reduce the m. If there is less loss then it improves the Q, thus

reducing the BW.

2.3 Resonant frequency

Another parameter associated to the antenna design is the frequency of operation or
the resonant frequency. There is a range of frequencies over which the antenna can be

operational, giving the bandwidth of an antenna.

The antenna can be considered as a tuned circuit containing inductance and
capacitance. It has a resonant frequency at which the capacitive and inductive
reactances cancel each other. At the resonance it has purely resistive impedance,
which is a combination of loss resistance (Rloss) and radiation resistance (Rr). These
capacitances and inductances of an antenna are determined by the physical geometry

of the antenna and its environment.

2.4 Input Impedance of an antenna

Antenna impedance is defined as the real (R) and reactive part (X) seen at the port of
the antenna. It is a function of frequency (). If no losses are included in the antenna

model, then the real part impedance seen at the port is purely radiation resistance.

Z(®)=R(0)+jX(®)

2.5 Radiation resistance

The radiation resistance is a measure of the antennas ability to radiate an applied
signal into space or to receive a signal from space. The radiation resistance is not a
dissipative resistance, rather its a measure of the power radiated into the free space for
a given input current [8].As the size of an antenna decreases, its reactance increases
but its radiation resistance decreases. Thus, large antennas have higher radiation

resistances and higher radiation efficiencies, given by following relationship.

Rr

nrad = ———
Rr+ Rloss



Where, Rloss is the resistance due to ohmic losses. The nrad can be maximized by

increasing the Rr, which ofcourse depends on the size of the antenna.

2.6 Quality Factor

The Q of an antenna is defined as the ratio of the power stored in the reactive field to
the radiated power. It is used to describe the antenna as a resonator and quantifies the
potential bandwidth of an antenna. Higher value means a sharp resonance and narrow

bandwidth. It depends on the input impedance of an antenna as shown below.

AntennaR eactance

" AntennaResistance

2
W [X(w)|
Q= 2R jR(w) + (X(W) + - ]

To increase the antenna bandwidth, Q has to be reduced, which can be achieved by
allowing the antenna to occupy more space. For the wire antenna, it can be achieved
by bending the wires in an efficient way. In the theory there has not been any
technique given to reduce the Q value. One possible way can be to add losses, which

ofcourse adversely effects the n.

A fundamental theoretical limit for the minimum Q value of a small antenna is given
by McLean [4], considering the antenna is inside a sphere of radius a
1
Q= —
(k-a)

Where

10



2.7 Efficiency

Efficiency of an antenna can be divided into radiation efficiency which depends on
the antenna structure or the radiation resistance, while the other is the total efficiency
which includes the matching of an antenna to the power source or the return loss S11,

where the expected value is usually -6dB.

ntotal = nrad-’rl —(Is11 )21
2.8 Bandwidth and Quality factor relation

In circuit theory, high Q is desired. While in antennas as large bandwidth is required,
low Q value is required as

Qua 1/BW

In small antennas the Q is high, as it has low radiation resistance and high reactance,
which governs the low BW. This makes it difficult to match and predominant

detuning from surroundings.
2.9 Concept of an unbalanced and balanced antenna

Consider a simple monopole structure, i.e., a single ended structure. The length of the
antenna is a quarter of a wavelength. To make this antenna work more efficiently and
have large bandwidth, image theory is used which makes the ground plane as a part of
the antenna and improving the radiation characteristics. Such structures or antennas
that are depending on the ground characteristics are known as unbalanced antenna,

where PIFA is a good example.

The current towards the ground plane is not balanced in case of a monopole as
compared to the balanced antennas and thus causing a radiation of electromagnetic
field from the ground plane. For balanced (feed consists of two lines over ground) and
self balanced (single feed, but still balanced ground currents) structures the ground

plane does ideally not contribute to the radiation characteristics. A dipole antenna has

11



a balanced structure. Fig. 2.1 demonstrates the flow of currents towards the ground

plane for both cases.

—
A Ay
A 4
A V' N A
A 4
A V' N A
Unbalanced Balanced
structure structure
(a) (b)

Fig.2.1. (a) a monopole antenna (b) a dipole antenna.

Fig.2.1 (a) shows currents towards antenna from the PCB, while in Fig.2.1 (b) two
opposite currents on PCB can be seen, which cancel each other, making the antenna

structure independently resonant.

PIFA antenna, as shown in Figl.4, has an unbalanced structure. It is a popular internal
multiband antenna. However, it suffers from poor efficiency and narrow bandwidth.
PCB is added as an additional radiating element to the antenna, which improves the

bandwidth.

It can be seen from the monopole current distribution that it will lead to large excited
surface currents on the system ground plane. The location of the antenna near the end
of the PCB is important for proper coupling or to excite the supporting wavemode on
the chassis [10].This dependency then puts some limitations on the width and height

of the antenna element with respect to the ground plane.

In the case of a balanced antenna which is more independent of the ground plane, it
seems natural that when the ground plane conditions are changed, the radiation

characteristics of the antenna will be less affected. The balanced structure offers the
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advantage of reduced detuning and greater efficiency as compared to the single ended

monopole antenna, when the mobile device is in normal use [11, 12].

To meet the same bandwidth requirements, usually the size of a balanced antenna is
twice as large as an unbalanced antenna, e.g., a monopole (quarter wavelength) and a

dipole (half wavelength).

In the low band of 900 MHz the antenna has to be unbalanced as the wavelength is in
a region where the whole PCB is needed as the primary radiator. The size of the
antenna is inside the Chu-Harrington limit [7], which means it will either be an
inefficient radiator or lack sufficient bandwidth without the use of PCB as the main

radiator. The balanced mode would typically be above 1.5GHz.

2.10 Chassis effect

The maximum length of mobile handsets is less than half a wavelength at 900 MHz
and the dimension of the antenna element itself is clearly smaller. Thus, the structure
can support only a few significant wave modes. The impedance bandwidth
enhancement can be achieved in chassis wavemode, which can be optimized by

designing the antenna element actually to work as a coupling element [10].

The fields and currents of this wavemode are concentrated in the vicinity of the small
antenna element and for this mode the chassis acts as a ground plane with currents
creating the mirror effect for the antenna element. The length of the handset chassis is
clearly larger than the width, the structure supports single wire or thick dipole type

current distributions.

From so far discussion it has been shown that the conventional antennas such as
external stubby antennas and internal PIFAs are of unbalanced type and induce large
currents that flow in the conductive surface of the chassis or PCB. Using such a
mobile device, results in some absorption of the current flowing on the PCB to the

body, making the efficiency lower and detuning the antenna.
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Separating the radiation quality of the antenna from the chassis radiator is sometimes
difficult. Because at lower frequency the PCB is a main radiator while at higher

frequency the antenna dimensions are large enough to become an efficient radiator.

It can be concluded that when the total bandwidth achieved by the antenna and chassis
is less, it is assumed to represent the case where the contribution of the chassis
radiation is small and when the maximum bandwidth is obtained, it is the case when

both antenna and chassis resonates together [13].
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CHAPTER: 3 DESIGN AND SIMULATION OF MEANDERED LINE LOOP
ANTENNA

This chapter contains concept study about loop antennas, design methodology,

discussion about used softwares, simulated and measured results.

3.1 Loop Antenna

The revolution in wireless industry has dramatically increased the higher data rates for
voice and data, creating demands for smaller and better wireless terminals. The new
performance demands needs multiband operation with higher radiation efficiency.
The dual band antenna requirements have been changed to penta band antennas, while
the covering frequency ranges from MHz to GHz, making a challenge for antenna
designers to make state-of-art antennas. LTE is considered as 4G and requires higher
data rates, two new bands have been assigned as LTE US 700MHz and LTE EU
2.6GHz.

Currently the design of antenna includes a main radiator operating at lower band
(900MHz) and first higher band (1800 MHz). A shorted parasitic is added for second
higher band resonance that occupies valuable space [14]. As the size of mobile phone
is constantly shrinking, there is a need for an antenna, which covers all expected

bands within a limited volume, and with good radiation efficiency.

Generally loop antennas have different shapes, circular, rectangular or elliptical. The
radiation pattern depends on the shape of the loop. The size of the loop can be
categorized as electrically small or large depending on the circumference of the loop.
Circumferences of less than A/10, and of the size of about A are considered as small
loops, and large loops, respectively [15]. A small loop has low radiation resistance,

which is typically a problem associated with electrically small antennas.

The question is how to increase the electrical length of an antenna within small
physical dimension. This could be done by bending, folding, creating slits in the paths
or meandering [14]. Consider a simple patch antenna, the length of the patch defines
the resonant frequency. It has a limited bandwidth but if some slit is created in the

patch, another path is introduced in the patch and its bandwidth enhances [16].
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Both loop and dipole are double ended structures and balanced especially for the
higher frequency (one wavelength mode) as explained in Chapter 2.The currents in
the ground plane are opposite in direction and hence do not much influence the
antenna characteristics at that frequency. For lower frequencies, the required antenna
size is small and there are unbalanced currents in the ground plane, which influence

the antenna characteristics.

A folded and bent loop designed for a A/2 path length, is resonant for A/2, A and 3A/2.
This multi resonant behaviour makes loop antenna, a potential candidate to cover
multibands without occupying too much space [17, 18]. In Fig.3.1, three different
modes are explained along with the current distributions on the antenna element and
the ground plane. For a length of A/2 and 3A\/2, one and three null current occurs,
respectively, which makes the same direction of currents on the PCB. While for A,
two nulls occur, this gives opposite currents on the ground plane and thus reducing

the free currents on the ground plane.

<
-
>

- A_*
<

Fig.3.1 Current distribution on loop and ground plane for A/2, A and 3\/2.

So the importance of balanced modes can be seen easily. The relaxation of the ground
plane currents makes is better for the SAR and HAC to be discussed in Chapter 4 and
5, respectively. In the design task, the minimum frequency is 700MHz and the
maximum resonant frequency is 2.6GHz. The free space wavelength A for 7S0MHz is

400mm, so a structure of length 200mm can be implemented. A simple loop is not
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enough to excite all the required modes and to cover the required bandwidths, so

meandering is done as explained in section 3.4 and 3.5.

3.2 Simulation Tools

Ansoft HFSS and CST MWS are used for full wave analysis of the multiband antenna
structure. HFSS performs complete FEM modeling of three dimensional passive
linear microwave circuits, including radiating structures. This extremely powerful
design tool is used for many types of components, especially antennas, antenna feed
structure and other microwave passive components. HFSS uses discrete, fast,
interpolating sweep types. Typically discrete sweep requires more memory to produce

accurate results as compared fast sweep.

CST MWS has many options for the simulation. The transient solver is the most used
solver, which can obtain the entire broadband frequency behavior of the simulated
device from only one calculation run. It is very efficient for many RF frequency
applications such as connectors, transmission lines, filters, antennas and many more.
The transient solver becomes less efficient for low frequency problems where the
structure is much smaller than the shortest wavelength. For such cases it can be
advantageous to solve the problem by using the frequency domain solver. The latter

approach is most efficient when only a few frequency points are of interest.

All the important parameters associated with the antenna design can easily be
presented with the help of these software tools like the electric field, magnetic field,
surface currents, radiation plots, return loss, gain, SAR and many more. In CST a

build-in macro is used to simulate the HAC phenomenon.

3.3 Selected Geometry

A modern standard cell phone geometry is selected. The carrier volume is
50*10*5mm°. Permittivity &, is 2.66 and loss tangent tand is 0.00629 @2.44GHz.

Copper is used as a metal part of the antenna having conductivity of 5.8e7 S/m and

thickness of 0.lmm. PCB length is taken as 100mm. A semi rigid cable is used to
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feed the antenna from the backside. The radiating element is placed on both sides of

the carrier to utilize the available area effectively.

3.4 Simple loop simulations

For the concept study some basic simulations are done to start with. A simple wire
loop in free space is simulated. The model and impedance plot is shown in Fig.3.2
(a&b). A multiple resonant behaviour can easily be seen. Q is calculated from the
formula given in Chapter2. Q value and percentage bandwidths for the different bands

have been assigned, as can be seen from the Table3.1

Curve Info

= im(Z(LumpPort1 LumpPort1))
Setup! : Sweep!
—— re(Z(LumpPort! LumpPortt))
Setup! : Sweep!

Fig.3.2 (a) A wire loop model in free space, (b) Impedance plot.
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Start Stop Center Bandwidth Percenfage Quality
frequency frequency frequency Bandwidth
BW (MHz) factor (Q)
fmin (MHz) | fmax (MHz) | fo (MHz) %0

700 790 745 90 12 23

824 960 892 136 15.2 8.7
1710 2170 1940 460 23.7 5.6
2500 2690 2595 190 7.3 18.2

Table.3.1 Frequency list with the required percentage BW and Q.

The design has been started by folding the loop around the carrier.Fig.3.3 shows a

simple and meander loop antenna models.

Fig.3.3. A simple loop and meander loop antenna model.

The S11 response c.f Fig.3.4 shows that by introducing the meandering a shift in the

frequency and bandwidth enhancement can be seen.

| simple loop
i === Meander loop —

Fig.3.4. Comparison of S11 for simple and meander loop.
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The effect of increase in the width of the carrier, height of an antenna from the ground
plane and ground length has been seen in Fig.3.5. It improves the lower bandwidth
and helps to cover the lower bands as it has bandwidth potential. As the work is

limited to a fixed geometry, section 3.5 focuses on the proposed design.

50
40
30
(-
a
201
10 o
simpleloop.sip
simpleloop_gd70.s1p
simpleloop_gd120.s1p
0
3
50
407k
30+
o
J
10 SRS f S ......................... R simpleloop.s1p
: : : = gimpleloop_htfromground2.s1p
simpleloop_htfromground4_0.s1p
: simpleloop_htfromground6_0.s1p
| | |

2 2.5 3
[GHZ]

Fig.3.5. Influence on Q factor by changing the (a) ground length and (b) height of the

antenna.

20



3.5 Proposed design

So far, simulations have shown that the loop has the potential for multiband coverage.
In order to decrease the fundamental resonance frequency and to properly excite the
modes for 900MHz, 1800MHz and 2600MHz, meandering is incorporated in the loop

structure.

Consider the meander line antenna where several lines are placed parallel to each
other. The surface currents along the horizontal and vertical lines depend on the
number of turns, spacing between the lines and the width of lines. It makes the
antenna to resonate at the right frequencies and achieve the required bandwidths as

given in Table.3.1.

The impedance matching of such a small antennas in a wide frequency range is
somehow difficult. It is possible to increase the bandwidth by using multiple strips
because the radiation resistance can be stepped up and the reactances can be made to
cancel each other in the balanced and unbalanced current modes. More turns of
meander line traces can reduce the operating frequency of the fundamental mode [19].
A HFSS design model is shown in the Fig.3.6. It comprises a carrier, ground plane
and radiating antenna element. A lumped port of 50Q is used to launch the signal at

one end while the other end is connected to ground.

Fig.3.6. Simulated proposed design in HFSS.
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The mutual capacitance between the lines strictly depends on the distance between
them. Increasing the distance between two copper strips or decreasing the strip width
in the meanderline reduces the mutual coupling and the resonance frequency shifts
down adding inductance to the resonant system [20]. A thinner substrate of Imm
thickness would also enhance the resonant coupling between the lines. The reduced
near field strengths in meander line antenna is because of the spatially distributed
radiating elements. The copper strip placement takes the round edges of the carrier

structure into consideration.

3.6 Simulation results

The antenna structure is tuned to get optimum bandwidth at all the frequency bands
with return loss better than 6dB and acceptable radiation performance. Fig.3.7.and
Fig.3.8, shows the return loss optimization by changing the line spacing and gap of

lower part of radiator from the ground plane respectively.

Curve Into
— dB(S(1,1))
Setup1 : Sweep1
g1='0mm’

2 % — dB(S(1,1
\\, N Sety 1?S(wo]o?p1
“ ‘\ 91='0.2mm"
4! — dB(S(1,1))
Setup1 : Sweep1
g1='0.4mm'
= d18gsu.1)) '
| ’ :msp;\m' »

/

lf

50MHz shift
150MHz shift

VIHZ shift

Fig.3.7. Optimization of the line spacing.
Fig.3.7 shows that by decreasing the line spacing from 1.6mm (Violet) to Imm (Red

Curve) there is a dominant shift in the higher band frequency. Thus the mutual

coupling between the lines is stronger for higher frequencies. Similarly Fig.3.8 shows,
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increasing the gap between the lower radiator and the ground plane improves the high

band response. The red curve is for 4mm gap and the violet curve is for full length of

the lower radiator, i.e there is no gap from the ground plane.

Curve Info
— dB(S(1,1)
I th H_ h Se:u;#:ts_\%eep?
mprov 1 gndeffect="0mm
p gves e g — dB(S(1,1))
Setup1 : Sweep1
Band gndeffect="tmm’
— dB(S(1,1))
Setup1 : Sweep1
gndeffect="2mm’
— dB(S(1,1))
Setup1 : Sweep1
gndeffect="4mm’

Fig.3.8. Optimization of the gap from the ground plane.

The finally optimized results are shown in Fig.3.9.As the frequency increases, the
operating modes have not only wider bandwidth but also better return loss values. The

antenna is exhibiting the desired matching without the use of parasitic radiator.

X v
08400 -4.9465
0.9000]-109276
097001 -5.3561
1.7100] -6.1188
1.7700] -80870
1.8700] -6.0081
2.03001]-16.2868
21700 -6.2422
25000 -5.2279
26500]-235025
27100 -5.3798

Fig.3.9. Simulated S11 of proposed design.

23



From the impedance plots Fig.3.10 and Fig.3.11, multiple resonances occur at 0.9,
1.77, 2.03 and 2.65 GHz. The real part is good enough to be matched to 50Q port
impedance. From the plot two more resonances at 1.1 and 2.5GHz occur but the real

part is too high which can not be matched to the port impedance.

Mame X Vv

m1 |0.9000]-15.1200
mz2 |1.7700]19.8242
m3 |2.0300| 47097
m4 |2.6500| 43513
m5 |0.9000|85.7541
mé |1.7700|26.1964
m7 |2.0300|67.3885
m8 |2.6500|45.3386

Fig.3.10. Simulated impedance plot of proposed design.

50 20
20
1] 0.20 0.50 1.00 3 i} 5.00
.00 4 4
.20 5
Mame Freq Ang Iag RX
50 m1 |0.9000| -16.5677 (02842 1.7151- 03024
m2 |1.7600) 1384921 [0.3960(04818 + 0.3000i

m3 [20300| 128575 |0.1533]1.3478 + 0.0942i

md |26500]-134.3570|0.0568 | 0.9058 - 0.0870i

Fig.3.11 Smith plot of proposed design.
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3.6.1 Surface Current Plots

The current distribution plots are taken from the simulations as shown in Fig.3.12 (a,
b, ¢, d &e). For first resonance A/2 or 0.9GHz one null occurs at the center and for
3A/2 mode three nulls occur for the frequency of 2.03 GHz and 2.65GHz. The current

directions are opposite making an unbalanced mode, see Fig 3.12 (a, d &e).

For the balanced mode, which is the A mode, two nulls occur and the current is in the
same direction making a closed loop on the antenna element and creating opposite
currents on the chassis as can be seen from Fig.3.12 (b &c) .The frequency from
1.76GHz to 1.98GHz exhibits the balanced mode. The current null on the chassis can

also be seen from these plots.
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Fig.3.12. Surface current density plots for (a) 0.9GHz (b) 1.76GHz (c) 1.98GHz (d)

2.03GHz and (e) 2.65GHz.
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3.7 Fabrication

The design is printed on Kapton flexfilm. The antenna carrier is a 3D-object with
rounded corners requiring an accurate and careful placement of the 2D-flexfilm.

Excitation is applied through the cable. A prototype is shown in Fig. 3.13.

Fig.3.13. Fabricated prototype front and back view.

3.8 Measured results

Return loss and efficiency measurements are done using a network analyzer, and an
anechoic chamber, respectively. The measured results are in good agreement with the
simulated results. Fig.3.14. shows the measured return loss for the prototype. In the
simulation the effect of the flexfilm has not been considered that is why in the
fabricated prototype, a shift in the frequency has been observed. Tuning is done to
move the frequency at the required resonant points that can be seen from Fig.3.13. A

reduction in 6dB BW has also been observed in higher band of 2.6GHz.
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= Measured
== Simulated

Fig.3.14. Comparison of simulated and measured S11.

Overall radiation 1 is good .For the lower band (900MHz), first higher (2000MHz)
and second higher band (2600MHz) it is better than -1dB,-1.8dB and -2.5dB
respectively, c.f Fig.3.15.The overall total n is less than -3dB, but for frequency

greater than 2.63GHz it goes worse as the S11 is not good in the measured prototype.

= Radiation efficency
=== Total efficency
_—3s11

Fig.3.15. Measured S11, total n and radiation 7.
3.9 Head and hand effects

The effect of head and hand is also seen. 1 measurements are done in Satimo anechoic
chambers. Fig.3.16 (a) shows the placement of handset near the right side of the head
and (b) shows the handset in hand beside head. The placement of handset has to be

accurate to make it as close to real life scenario as possible.
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Fig.3.16. Measurement setup for efficiency measurements of antenna (a) besides right
side of head and (b) besides head with hand.

Total n reduces by 2 to 3 dB while very less detuning has been observed in the
presence of head for all the bands. High detuning has been seen when the handset is
placed inside hand and near the head the lower band and second higher band 1i.e.
0.9GHz and 2.6GHz respectively, see Fig.3.17. While very little effect has been seen
for the balanced mode 1.8GHz to 2GHz. From Fig.3.18 approximately 4.5 dB and
10dB radiation efficiency loss has been measured with head only, and head & hand
respectively for the lower band and approximately 2.5 and 6dB radiation efficiency

loss by head only and head & hand respectively for higher band.
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—Fs
——— Beside Head
= Beside Head with Hand

Fig.3.17. Comparison of S11 for free space, beside head and beside head with hand.

Fig.3.18. Comparison of radiation efficiency for free space, beside head and beside
head with hand.

= Free Space
= Beside Head
= Beside Head with Hand

Fig.3.19. Comparison of total n for free space, beside head and beside head with hand.
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The fabricated prototype has shown consistent results with the simulated results. This
antenna has the ability to operate at multiple frequency bands simultaneously without
dynamic detuning, is highly efficient in terms of small volumetric size for a given

bandwidth of operation.
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CHAPTER: 4 SPECIFIC ABSORPTION RATE (SAR)
4.1 Introduction

In order to communicate to the network, mobile phones transmit signals of certain
power. In the last few years there have been implementations of standards regarding
the human health safety, which puts some restrictions on the amount of power going

towards the user.

All the electronic devices emit radiations to some extent, while in antennas it is
planned to transmit or receive the electromagnetic waves to establish a

communication link, which makes it an essential part of all communication devices.

Communication devices use some kind of antennas, which are radiating energy
isotropically or directionally. The fields emerging from the antennas are mainly
classified as near fields and far fields. In the near field region, the fields are more
reactive and have more losses. To some extend it is possible to control the level of
power absorption into the user with a good antenna design. One approach is to design
an antenna which has minimum near field emissions in particular direction. Another
approach is to place the antenna at the bottom of the device, so more radiations would
be away from the head. Mobile phones antennas are designed to operate within these
stringent limits in order to compliance with the standards of exposure to these

radiations, named as SAR.

SAR describes the absorption of power into lossy medium (human body) as a result of
the electric fields and currents present in the tissue.
Mathematically,

o(|E|)?
P

SAR =

Where o is the conductivity (S/m), E is the induced electric field intensity, (V/m) and

p is the mass density of tissues (kg/m°).
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SAR has units of watts per kilogram or milliwatts per gram. It has different limits for
different regions of the body, as well as the volume over which the average is made.

SAR values for 1g or 10g averaging volume are more commonly considered.

US and Europe have different standardized values. Spatial peak SAR, head and trunk
(W/kg) should not exceed 1.6 as averaged over 1g for US, and 2 as averaged over 10g
for Europe [21].

To ensure the public safety, all radio communication devices need to fulfill the FCC
or ICNIRP or IEEE safety regulations before coming to the market [22]. A standard
procedure for testing these devices has been governed with defined limitations on

absorption of energy into body tissues.

4.2 Body Effects

One can assume human body as a relatively good conductor compared to the
surrounding air medium and it can act as a receiving antenna. Human body is
comprised of tissues, which are made up of water, salts and different organic
compounds. Muscles and organs contain more water and are good conductors as
compared to fats or bones. The effects caused by these strong fields can be heating of

tissues and stimulation of the nerves [22].

The fields are coupled to the body and affect the tissue, cells, bones and liquid of the
body. The absorption rate is not only a function of the field strengths and frequency

but also the shape and size of the user and location of the device has shown influence.

While using a mobile phone there is a constant electromagnetic coupling to the body,
which increases the body temperature. These disruptions can cause temporary or

permanent destruction of body cells, depending on the level of exposure.
The influence of the user body especially head and hand, to the reactive near fields of

the antenna and the chassis can change the radiation efficiency, SAR and the center

frequency of the antenna.
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4.3 Simulation Setup

As explained earlier, an important issue regarding the usage of handset is the
absorption of electromagnetic radiation to the exposed user. After 1996, all the
handsets are required to meet the SAR standards, so it has become an important
parameter before launching the new model. An estimate of the SAR for the proposed

design has been done in the CST simulations at different frequencies.

In all the advanced EDA software, a provision to calculate the SAR has been
provided. A phantom model having exact shape and size as according to the
IEEE/ANSI C95.1 standards has been used. The material properties for the
homogeneous fluid that emulates the characteristics of tissue and a head shell
specifying the conductivity are defined. There are two typical positions of placing the
device, cheek and tilted. It is obvious to have high SAR value at cheek position as
compared to the tilted one, as device would be farther away. The exact gap definition

between the device and user head is very important to get the accurate results.

As shown in the above equation, SAR is calculated from the total electric field
strength, the conductivity of the medium and the density of the mass. In the
simulations the power loss density monitor is defined. The electric conductivity
(0.0016 S/m) for the head shell, liquid density (1000 kg/m3) and 2" order dispersive

model for epsilon is specified to the head model for the frequencies of interest.

A phantom head with the prototype is simulated in a typical right hand side scenario

and shown in Fig.4.1.
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Fig.4.1.Placement of prototype with Phantom head model in CST MWS.

The simulated results for 894MHz, 1710MHz, 1895MHz, 1980MHz and 2560MHz
for 1g (right side) and 10g (left side) averaging are shown in Fig. 4.2.

It can be seen from the Fig.4.2 that at different frequencies the location of maxima on
the chassis changes. As the chassis length at GSM 900 is less than half of a
wavelength only one field maxima at the center occurs, while for 1710MHz it
indicates a shift of the maxima towards the antenna. For 1980MHz chassis is near to

have two resonating modes and for 2560MHz it completely resonates for two modes.

W/kg w/kg

Averaged over 1g Averaged over 10g

1.29 08.981
08.874
08.782

8.69
08.598
8.586
8.414
8.322

8.23
8.138

1.15
1.03
6.905
0.784
8.664 1
8.543
8.422
0.362
0.181

6.000141 0.0008236

894MHz
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W/kg

8.356

a.284
8.251
a.217

8.15
a.117
8.8835
a.8561

5.86e-006

1710MHz

Wwkg

a.621
8.553
8.495
8.437
8.378
a.32
8.262
a.284
a.146
a.68873

7.99e-006

1980MHz

u/kg

8641
8.571
8.511
8.451
8.39
8.33
8.27
8.21
8.15
0.8981

6 .35e-086

2560MHz

a.317

a.184 1

/kg

8.249
0.222
8.199
8.175
8.152
8.128
8.185
8.8817
0.08584
0.835

7.12e-886

1710MHz

W/kg

08.384
8.342
8.306
8.27
8.234
8.198
8.162
8.126
08.89
0.854

8.88e-886

1980MHz

W/kg

0.376

8.30
8.264
8.229

8.159
8.123
a.8881
a.8529

6.83e-006

2560MHz

Fig.4.2. Simulated SAR for 1g and 10g averaging at 894, 1710, 1895, 1980MHz and
2560MHz.
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For 900MHz which is unbalanced mode, the maximum value of SAR has occurred

that indicates the size of the antenna is small and the currents are going towards the

chassis. These currents on chassis can cause high absorption rate to the user and can

decrease the efficiency.

An obvious relationship between bandwidth, efficiency and SAR can be established

here. In order to cover lower band whole metallic chassis contributes with the antenna

but at the same time reduces the efficiency and increases the SAR.

A quick check has been done on the efficiency of the antenna when placed near the

phantom head. The simulated radiation efficiency values at different frequency are as

below in the Table 4.1.

Radiation Efficiency Radiation Efficiency with
Frequency (MHz) without phantom head phantom head

(dB) (dB)
894 -0.99 -4.61
1710 -0.98 -1.93
1895 -0.97 -1.74
1980 -0.97 -2.17
2560 -0.91 -2.69

Table.4.1 Simulated radiation efficiency for the antenna placed near to Phantom head.

Hence the decrease in the radiation efficiency at lower frequency has predominant

effect as compared to the balanced mode frequency of 1710 and 1895 MHz [23, 24].
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4.4 Measurement Setup

SAR measurements are time taking and requires a lot of accuracy in terms of the
placement of the device along with the phantom head, simulated liquid material

properties, and probe calibration and positing to measure the field strength.

Measurements are done on DASY4 equipment which consists of a dipole for pre
system accuracy check, a device holder, phantom head and body model with tissue
simulating liquid, a robot, a probe with optical surface detection, data acquisition unit

and DAYS software as shown in Fig.4.3(a) and (b).

«'
ea" Phantom Body

y
/

Device holder

Fig.4.3.a. Measurement setup for DASY4 equipment.
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The measurements are started by doing system calibrations, then placing the DUT
accurately and firmly near the cheek. Proper alignment is very much important. Probe
scans the whole area and marks the peak SAR position that can be seen on the
software. Then makes the volume for 1g cube or 10g cube to calculate the averaged

SAR value.

T

Phantom

Fig.4.3.b. Close view of the equipment under test (EUT) with the Phantom head.
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4.4.1 Measured results

Fig.4.4 shows the measured results for the SAR, giving the peak SAR location and

field maxima on the chassis for the associated frequency.

894MHz

dB
0.000

-2.98

-5.96

-8.94

-11.9

1710MHz

-14.9
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-6.84
-10.3

-13.7

1895MHz
-17.1

dB
0.000

—-3.74

-7.48

-11.2

\

-15.0

1980MHz
-18.7

Fig.4.4. Measured results at 894MHz, 1710MHz, 1895MHz and 1980MHz for the

prototype.

It has been already explained in the simulation results about the response of
resonating modes of chassis. The green spot are the hot spots and two cubes can be
seen, one for the 1g and other bigger one is for 10g averaging mass. The measured
and simulated SAR results are compared in the Table.4.2.In measurements 2560MHz

has not been covered because of some limitations of hardware.
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SAR Simulated (mW/g) SAR Measured (mW/g)
Frequency (MHz)

1g 10g 1g 10g
894 1.29 0.98 1.72 1.26
1710 0.36 0.23 0.48 0.29
1895 0.47 0.32 0.93 0.59
1980 0.62 0.38 0.93 0.57
2560 0.64 0.38 - -

Table.4.2. Comparison of the measured and simulated SAR values.

SAR values at 900MHz is almost double than that at 1895GHz, which is a expected
result, complying the radiation efficiency to reduce in the same fashion. One can see
certain agreement between the simulated and measured results. The possible reasons
of deviation of the results can be the difference in the human body emulated liquid
properties used in the measurements and assigned in the simulation setup. The SAR
averaging method used in software simulations is IEEE C95.3, while in measurements

IEEE Standard 1528-2003 has been employed.
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Chapter: 5 Hearing Aid Compatibility (HAC)

5.1 Introduction

With the recent advancements in mobile phone and hand held devices there is
emphasis not only on reducing the size of the antenna and improving the power
efficiency but also on meeting the new FCC standards for SAR and HAC, which

mainly depends on the near field emissions [25].

All portable devices are required to meet the HAC standard ANSI C63.19 that was
approved in 2001 and according to the standard, half of all the mobile phones in the
U.S.A market must have RF interference level of at least M3 or M4 category in all
frequency bands [26]. The idea behind this requirement is to relax the ear piece area
from RF emissions. For this the hearing aids are rated for interference rejection and
mobile phones are rated for the generated RF emission. In the ANSI standard, a set of

values have been given for E and H near field strengths for the frequency greater than

or less than 960MHz c.f Table 5.1 [25].

Category AWF Limits for E-Field Emissions (V/m) [Limits for H-Field Emissions (A/m)
(dB) > 960MHz > 960MHz
M1 0 199.5 - 354.8 0.6 -1.07
-5 149.6 - 266.1 0.45-0.8
M2 0 112.2-199.5 0.34-0.6
-5 84.1-149.6 0.25 - 0.45
M3 0 63.1-112.2 0.19-0.34
-5 47.3-84.1 0.14-0.25
M4 0 <63.1 <0.19
-5 <47.3 <0.14
Category AWF  |Limits for E-Field Emissions (V/m) |Limits for H-Field Emissions (A/m)
(dB) < 960MHz < 960 MHz
M1 0 631 - 1122 1.91-3.39
-5 473.2-841.4 1.43 - 2.54
M2 0 354.8 - 631 1.07 - 1.91
-5 266.1-473.2 0.8-1.43
M3 0 1995 - 354.8 0.6 -1.07
-5 149.6 - 266.1 0.45-0.8
M4 0 <199.5 <0.6
-5 <149.6 <0.45

Table.5.1. ANSI standards for HAC categories.
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5.2 Method

A point of acoustic is marked on the PCB, which is usually 7mm away from the end
of the PCB. RF emission ratings are based on the peak field strength as measured
over a grid in the region of the ear piece. A measurement grid of 50x50 mm is
centered over the acoustic output, at the height of 15mm. The grid is divided into nine
cells and the robot controls the probe and moves the probe over the plane in a step
size of approximately 5 mm for both the E field and H field. The highest field value is
checked from the grid, the two values near to that one are deleted. Among the
remaining field values, the maximum is taken as a final result. If the maximum value
occurs at the center, than that value cannot be deleted. The E and H field values are
required to be within limits as specified in the Table5.1 and categorized as M1, M2,
M3 or M4, while the later is least immuned to HAC.

In simulation CST MWS is used to see the HAC results c.f Fig.5.1. Measurement is
done on DAYS4 equipment c.f Fig.5.2.The antenna chassis combination is placed on

a device holder and probe is moved over the scan area to measure the field strengths.

Fig.5.1.Simulation setup for HAC where a grid is placed at acoustic point away from

antenna element.
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5.3 Simulated and Measured results

The loop antenna generates small excited surface currents on the system ground plane

of the mobile phone because of its closed resonant path [26, 27].

For the loop antennas when the currents at the antenna feed and short are in the same
direction it is called as common mode [26]. Fig 5.3 shows the near field distribution at
the antenna and the acoustic point. The H field has a local maximum at the center of

the chassis and E field exsist underneath the antenna element and at the end of the

PCB see Fig.5.3 (a&c).

When the antenna is in balanced or differential mode the currents at feed and short
point are in opposite direction as can be seen from Fig.5.3 (b). As a result the net

current on the chassis reduces and leaves some cool areas at the end of the chassis.
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Fig.5.3 Simulated E field (right side) and H field (left side) at (a) 894MHz (b)
1740MHz and (c) 2600MHz.
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During the measurement a signal of input power 0.25 W (24dBm), for the lower band

and 0.125 W (21dBm) for the higher band, is used and following plots and field

strengths are obtained see Fig.5.4.

eak E-field in V/m

Grid 2

98.8 M4|97.4 M4

Grid 3

Grid 5

99.0 M4|97.8 M4

Grid 6

Grid 8

93.4 M4|92.6 M4

Grid 9

Peak E-field in V/m

Peak H-field in A/m

Grid 1

Grid 2

0.209 M4|0.151 M4

Grid 3
0.092 M4

Grid 4

Grid 5

0.206 M4|0.150 M4

Grid 6
0.091 M4

Grid 7

Grid 8

0.199 M4|0.146 M4

Grid 9
0.090 M4

(©

Grid1 |Grid2 |Grid 3 Grid 1 Grid2  |Grid 3
1132.3 M4(33.1 M4|31.6 M4 .112 M4/0.092 M4/0.072 M4
llGrid4  |Grid5 |Grid 6 Grid4 |Grid5 |Grid6
122.9 M4(27.7 M4|27.8 M4 0.093 M4/|0.084 M4/0.072 M4

Grd7 |Grid8 |Grid 9 Grid7 |Grd8  |Grid9

(1) 16.5 M4/20.3 M4|21.3 M4 0.066 M4|0.067 M4]0.066 M4

" Peak H-field in A/m

Grid 3 Grid 1 Grid2 |Grid3
41.5 M4 0.147 M4/0.144 M4/0.111 M4
Grid 6 Grid 4 Grid 5 Grid 6
41.7 M4 0.142 M4/0.140 M4/0.109 M4
Grid 9 Grid7 |Grid8  |Grid 9
39.4 M4 0.126 M4/0.124 M4/0.097 M4

Fig.5.4 Measured E field (right side) and H field (left side) at (a) 894MHz (b)

1740MHz and (c¢) 1980MHz.
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5.4 Conclusions

The measured results for the prototype antenna meets the HAC standard ANSI
C63.19, as it generates very weak near field electric and magnetic fields because of its
design. The reduction in the near fields in meander line antenna is due to its spatially

distributed radiating sections.
It can also be inferred from the results that for the proposed antenna with a

unbalanced feed against a ground chassis has a self-balanced mode, which is the

differential mode, resulting in less currents induced on the ground plane [28].
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CHAPTER: 6 DISCUSSIONS AND FUTURE WORK

6.1 Comparison with PIFA

A PIFA antenna already available in CST MWS examples is simulated c.f Fig.6.1,
and is compared with the meanderline loop antenna with respect to the SAR and
HAC performance. Details about SAR and HAC have already been explained in

earlier chapters. A comparison is done in Table 6.1 and Table 6.2.

Fig.6.1 Simulation model of dual band PIFA antenna

SAR
Frequency (MHz) PIFA Proposed Antenna
10¢g lg 10g lg
900 1.36 1.98 0.89 1.29
1800 0.61 0.97 0.32 0.47

Table.6.1. Comparison of simulated SAR values for PIFA and proposed antenna.

HAC
Frequency (MHz) Proposed
PIFA Antenna
900 M2 M4
1800 M2 M4

Table.6.2. Comparison of simulated HAC values for PIFA and proposed antenna.
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This proposed design behavior owes that the excited currents on system ground plane
are smaller than that of the conventional internal mobile phone antennas such as the
PIFAs. System ground plane of the mobile phone plays an important role in the
performances of the internal PIFA, especially the antenna’s achievable operating

bandwidth.

6.2 Future Work

The radiation efficiency measurements have shown that the antenna has a 1 less than -
1.5 dB for 700 to 790MHz. The Q plot in Fig.6.2 shows the BW potential for
750MHz band. Switching can be done to make the antenna working for lower LTE
US band. In simulations, passive matching is done to tune down the S11.Fig.6.3 (a)
shows the schematic for the matching circuit and (b) shows the tuned S11. The
switching is not yet practically implemented so there are no measured results to see

the overall performance.

Simulated ——
Measured

Fig.6.2. Q plot for simulated and measured response.
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Fig.6.3 (a) Schematics for passive matching of antenna.

= Passively matched
== Without matching

Fig.6.3 (b) S11 response for both passive matching and without matching.

The BW potential has been demonstrated (Q-simulation and simulated matching) so
the implementation of an RF-switch needs to be investigated Also to check the
influence of components on antenna performance, that are typically present in phones

such as battery, speakers, display and jacks.
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6.3 Conclusions

The concept of using a single loop as a cellular antenna in mobile phones has been
studied. The newly proposed design for multiband internal antenna has a different
radiating mechanism, as compared to the conventional PIFA. It has a longer electrical
length so that it can provide lower concentration of surface current distribution. The
folded and meandered structure has good impedance matching and has the ability to

operate at multiple frequency bands simultaneously.

It is highly efficient in terms of small volumetric size for a given bandwidth of
operations. It has little detuning in the high band in terms of body effects and has
potential for 700MHz.

The different radiation modes have been analyzed regarding their order of resonances,
current distribution on antenna structure and ground plane for balanced and
unbalanced modes. The impact of body effects on the radiation efficiency has been

quantified beside head and beside head with hand.

According to prototype measurements, SAR standards have been satisfied for all the

frequencies. The measured results for the prototype antenna meet the HAC standard

ANSI C63.19.

The design has been successfully implemented and the measured results are meeting

the requirements of the proposed work.
Some of the future work is to investigate the implementation of an RF-switch,

checking the influence of components that are typically present in phones such as

battery, speakers, display, jacks etc.
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