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ABSTRACT

Digitad Video Broadcasting for Handhelc
devices (DVB-H) is a feature that will be
introduced to the consumers during 2006
With DVB-H it will be possilbe to watch TV
with a mobile phone. However, since the
typicad size of a mobile phone § smal
compared to the wavédength of the
transmitted DVB-H signals (470 MHz to 7@
MHz), the interna antenna design is avery
challenging topic.

In this Master Thesis we focused our
attention on tuneable antennas, which
simulation and evaluation was possible
thanks to a new lumped components too]
that we added to the FDTD simulation
package developed by the Center for Persn
Kommunikation (CPK), AaborgUniversity,
Denmark.

The lumped components tool has beer
validated with a comparasion with the
commercial software CST  Microwave
Studio.

Simple antenna tendencies were derivec
during the simulation part, alowing us tc
address to the most promising solutions.

We proposed two different tung@ble antenna
configurations the meandered pifa and the
meandered monopole respectively with a
small part related to switchable antennas.
We conlcluded that is it possible to obtair
acceptable performances at the expense of
increasing complexity in the antenna design
trying at the same time to keep the antenn:
volume as small as possible




Tuneable DVB-H Antenna in a Small Handheld Device - Tesi in ingegneria delle telecomunicazioni universita di Aalborg -

© Mauro Pelosi - prelevato da www.riccardogalletti.com/appunti_gratis/

Preface

This report has been written as a project for the 10" semester final Master Thesis within the
speciaization in Mobile Communication in the Department of Communication Technology at
Aaborg University by the group 1113, during the period January, 2006 - June, 2006.

The literature references are marked by numbers in square brackets, for example [4.7] and the
equations are marked in brackets, for example (2.8). Numerations are made by chapters but al the
literature references are listed at the beginning of the report.

In asimilar way, regarding tables and figures, expressions like (4.11) are used.

We want to thank our supervisor Gert Fralund Perdersen for his maieutic guidance through the
project and for the time he spent with us. We also would like to thank all the people in Siemens-
BenQ and in the Antenna and Propagation Department at Aalborg University who helped us
during this project.

This report about “Tuneable DVB-H antennain a small handheld device” can be found on our web
page at:

M aur o Pelosi
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| ntr oduction

Nowadays we are fast going towards the development of a universal telecommunication device, that
would allow usto reach areal taste of ubiquity.

Aswe can see in our common life, the separation between devices thought for different purposesis
getting more and more veiled.

The mobile phone development paved the way for this dream, and now it incorporates a lot of
different services; on the same apparatus we can find a trial-band phone, an mp3 player, aradio, a
digital camera, a gaming station and so on. The television will be the next obliged step.

In fact the market of television broadcasting is demanding more and more visibility, and new
formulas have to be thought in order to reach awide and heterogenous audience.

Why we have to limit our tv experience to an environment mainly confined to our houses?

We have now the technology to bring with us the most common and user-friendly form of
entertainment.

This has been possible after the birth of the digital video broadcasting standard (DVB) that changed
the television transmission from analogue to digital .

Digital Video Broadcasting—Handheld (DVB—-H) is a standard that allows the delivering of live
broadcast television to handheld terminals.

DVB-H was built on the DVB-T standard, and it was modified in order to be easily integrated in
handheld devices.

Being this a brand new technology, it needs more study first to be delivered to the big public. In
fact, because of the small size of handheld devices and the relatively large wavelength involved,
the antenna design is a very challenging topic.

In this Master Thesis we decided to focus our attention on DVB-H antenna design, in order to
propose solutions for small handheld devices.

Because of the relatively large impedance bandwidth involved, we had to study tuneable and
switchable antennas.

In this Report we will use mainly the FDTD simulation package developed at Alborg University,
that we modified in order to include in our investigations the modelling of lumped components.

We needed this new features to simulate tuneable antennas, that include elements like lumped
capacitors and resistors.

The behavior of the simulated lumped components was validated comparing the obtained results
with the commercial simulation package CST Microwave Studio.
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Project delimitations

Because of the market request, we decided to study internal antennas.

We will consider DVB-H with GSM-900 interoperability, which means a frequency range between
470MHz and 702MHz.

Our antennas are thought to fit inside a handheld device which approximate reference dimensions
are 120 mm x 80 mm x 20 mm ( length x width x height ).

This reference dimensions were derived by existing DVB-H concept phones, that because of the
relatively large screen size, are till a hybrid between conventional mobile phones and PDAS.

Our performance metric will be mainly the mismatch efficiency, because of the fact we didn’t
include losses in the analysis.

We defined the impedance bandwidth that frequency range in which the absolute value of the
reflection coefficient S11 is smaller than 0.7 in natural value or -3 in dB.

This threshold will be our reference, because it is very difficult to provide such a large impedance
bandwidth with a small internal antenna.

We studied two different antenna topologies, the PIFA antenna and the meandered monopole
antenna.

Simulating tuneable antennas, we didn’t include in the analysis the biasing networks, because of the
limited time at our disposal.

Report structure

In Chapter 1 we introduce the DVB standard and its features.

In Chapter 2 we provide information about small antennatheory.

In Chapter 3 we study PIFA antennas.

In Chapter 4 we introduce the FDTD technique.

In Chapter 5 we proceed with the simulation part.

In Appendix A we provide the FDTD lumped components documentation.

In Appendix B we discuss impedance matching theory.

In Appendix C we provide the modified Fotran77 code for the lumped components
modelling in the FDTD Algorithm developed at Aalborg University.
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Chapter 1. Digital Video Broadcasting.

1.1: Introduction.

We know that the conventional analogue TV system has been practically unchanged for
decades, with the only one exemption of the color television launch [1.1].

A digitalization of the TV signal brings not only additional interactive features, but also
implies a better video resolution respect to the conventional PAL System.

Though in the beginning of the 90”s it was thought that the digital television
broadcasting would result impractical to implement, a leading group named European
Launching Group (ELG), started to think about the unification of European standards
proposals towards a common one. When in 1993 ELG changed to Digita Video
Broadcasting (DVB), examples of experimental Digita Video Broadcasting-Cable
(DVB-C) and Digital Video Broadcasting-Satellite (DVB-S) were yet atangible redlity.
The success was so big that DVB-standards turned to a worldwide digital television
benchmark [1.2].

However it has to be remarked that DVB is not the only one existing standard in the
world concerning digital broadcast, but as an example we can remind the Japanese
Integrated Services Digita Broadcasting-Terrestrial (ISDB-T) and the US Advanced
Television System Committee (ATSC) [1.3].

1.2: DVB-T.

DVB-T is the Digita Video Broadcasting operating mode adopted specificaly for
terrestrial signal transmission. This standard was definitely adopted in the end of 1995.
An usua way to compress DVB-T transmission is the use of the MPEG-2 coding, even if
the standard provides an alternative choice like AVC/H264 [1.2].

DVB-T works dividing the original signa into a specific number of orthogonal
subcarriers using OFDM.

In order to fulfill the requirements of the UHF frequency band, 6, 7 or 8 MHz wide
spectra can be assigned to asingle channel [1.1].

Depending on regional specific needs, for example some parameters such as the number
of subcarriers, modulation scheme and error correction level can be properly adjusted.

If we consider the implications of the OFDM carrier number variation on the Doppler
effect resistance [1.8], with the 2k and 8k modes we can handle different situations, in
such a way to increase the tolerance of the system to signal echoes with variable guard
intervals.

This attitude of the system towards the toleration of signal echoes, makes it possible the
use of the so called spectrum efficient single frequency network (SFN), a network made
up by severa stations that transmit in broadcasting the same signal at the same time [1.1].
Though all the features of the DVB-T well fit a broad set of mobile configurations, such
the reception in a car or in indoor environment, regarding the needs of a handheld device
such as little power consumption, it reveals its intrinsic limits, fairly overlapped by its
natural extension: the DVB-H.
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Figure 1.1: Digital tv standardsin theworld [1.2].

1.3: DVB-H.

DVB-H is the most recent standard defined by the Digita Video Broadcasting
consortium [1.4].

This system deals with the distribution of multimediale services to mobile terminals in
multicast and broadcast operating mode.

The DVB-H system has been developed by TM-H ad hoc group and it is not an
aternative standard like DVB-S, DVB-C and DVB-T, but it was thought as a normal
evolution of the DVB-T system, sharing with it the frequency range, adding new features
to permit more robustness in mobile reception, and allowing a more efficient battery
consuming together with a higher synergy with the internet world.

1.4: DVB-H Terminals.

The DVB-H system has been designed to work in different configurations of use:

mobile reception with fixed or low-speed receiver (“pedestrian”), mobile reception with
external antennas, indoor reception in moving vehicles.

The use of conventional handheld terminals demands for limited size screens.

Even if the standard doesn't prescribe it as mandatory, probably the video format will be
the CIF (Common Intermediate Format), with a resolution of 352x288 pixel, that
corresponds to ¥4 of traditional tv, or the QCIF (Quarter CIF), with a resolution that
corresponds to 1/16 of traditional tv [1.5].
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The used frequency range will be a challenging problem for the manufacturers, being
very hard to build a small integrated broadband antenna that has to operate in the UHF
band.

Figure 1.2: Siemens DVB-H concept phone[1.2].
1.5: DVB-H add-ons

The add-ons of the DVB-H respect to the DVB-T are[1.5,1.6]:

e Timedlicing: to increase the battery’slife.

e |P DataCast: to increase flexibility in data transmission (audio video and file).

o MPE-FEC (Multi Protocol Encapsulation-Forward Error correction): to increase
the robustness.

e 4k mode: to increase the system flexibility in network planning and management.

e Extended interleaver (2k and 4k modes): to achieve more interference immunity.
TPS-hit: to send physical level signalling that identifiesa DVB-H stream.

1.6: Time Slicing.

The main unsolved problem of all handheld devices has always been the battery life.
Because the DVB-T original data stream is broadband and with a high datarate, it is very
hard to receive and decode it completely with a battery powered terminal.

Originaly the power consumption of a DVB-T recelver was about 1 Watt, but though
today it could be decreased, the desired target of 100 mW is still unreachable [1.7].

The main advantage in the DVB-H solution is that the receiver only has to receive and
process a fraction of the complete data stream corresponding to the selected service.

To fulfill these requirements, the data stream has to be well organized.

In DVB-H we have a pure time division service multiplexing, in fact there is no
continuous transmission of data, because this happens with periodical bursts.

The receiver is synchronized with only that service you want to receive, so that in the
remainder of the time, the receiver can be shut down easily.

Thisway of dividing the signal is named time slicing [1.7].
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Because of the need of a continuous video playing, the data stream has to be buffered, so
that in each burst has to be indicated information about the turning off of the receiver.

A burst duration is about several hundred milliseconds, so the power saving is very
efficient.

There is a synchronization issue, in fact the receiver has to be turned on dlightly before it
istimeto receive.

Depending on the ratio of on-time / power-save-time, it is possible a resulting power
saving of more than 90 % [1.5].

DVB-H service 1 DVB-H service 8 burst size 2 Mbit

TV program 3

TV program 2 I:.ﬂm
Data rate in
the DVB-T/H
channel
TV program 1
time
L L L L L L L L _’-
L) L] L] L] T L]
1 second
Figure 1.3: Timedicing technique[1.5].
1.7: Ip Datacast.

DVB-H isthefirst broadcast protocol with afull utilization of 1P for data transportation.
This feature allows a fair synergy between different mobile technologies and internet
world.

The IP Datacast on DVB-H is defined as a broadcast system end-to-end suitable for the
distribution of digita metadata and services using IP-oriented features, optimized for
limited resources (battery, computational power) [1.7].

1.8: MPE-FEC.

The MPE-FEC is an IP-level error correction code, that is added to those adopted in the
DVB-T standard to ease the reception when the SNR at the receiver islow [1.7].

It has to be remarked that this is a possible option, in fact the data can be received also
without the MPE-FEC implementation, because data packets are separated from
redundancy ones with the forward error correction.
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When we deal with a high packet loss, we can introduce redundancy packets thanks to an
efficient algorithm of interleaving and protection based on the Reed Solomon parity code.
With a wise choice of padding and puncturing in the MPE-FEC table, the level of
protection can vary according to the channel condition.

The MPE-FEC processing is placed on the link layer to form with the MPE and the time
slicing the DV B-H codec.

W ai i DVE ’
A IL"IP_E_G_E_“_:J‘:: Transport A S
i — Stream l

DVB-H codec MU X ——————p DVB-T coder
IP and modulator

}

E MPE- [ ane| Time
FEC maSIrclng

Figure 1.4: Schematic of DVB-H codec and transmitter [1.5]

1.9: 4k mode.

DVB-T and DVB-H both use a multicarrier modulation OFDM, but while DVB-T only
includes 2k and 8k operating modes, DV B-H adds the 4k one, meaning that 4096 carriers
are used for the signal transportation.

This modality alows a higher network planning flexibility, because a trade-off between
network resources and mobile reception is needed.

Inthe DVB-T system the 2k modality has fair performances in mobile reception thanks to
agood Doppler effect resilience.

With the 8k modality we have the best performances respect to spectral efficiency.

For al these reasons, the 4k modality allows a good trade-off between spectral efficiency
and user mobility [1.5].

1.10: Extended interleaver.

To make possible the use of the 4k mode, a new interleaver was designed.

In fact the receiver must support all modalities, so a 8k symbol interleaver is needed.
This new symbol interleaver is able to process aternatively a single 8k OFDM symbol,
two 4k OFDM symbols or four 2k OFDM symbols[1.7].

The adoption of this special interleaver allows the dispersion of impulsive noise power
over more symbols.
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1.11: TPS-hit.

TPS carriers (Transmission Parameter Signalling) are specified in the DVB-T standard
and they carry information about the modulation scheme used in the transmission.

The transmission of TPS bits takes advantage of a very robust modulation scheme, in
order to be received and demodulated also with avery low SNR [1.7].

1.12: DVB-H antenna specifications.

There are few antenna requirements for a DV B-H antenna mentioned in the standard.
However those requirements are strict and difficult to achieve with an internal antenna.
The specified frequency range in the DVB-H standard is between 470 and 862 MHz, but
because of GSM-900 interoperability, the upper frequency is limited to channel 49
(corresponding to 702 MHz) [1.7].

So we have two different cases;
e DVB-H without GSM-900.
e DVB-H with GSM-900.

DV B-H without GSM-900
¢ Frequency range from 470 to 862 MHz.
Bandwidth of 392 MHz.
Central frequency equal to 666 MHz.
Relative Bandwidth of 58.8%.
Central frequency wavelength equal to 0.52 m.

DVB-H with GSM-900
e Frequency range from 470 to 702 MHz.
Bandwidth of 232 MHz.
Central frequency equal to 586 MHz.
Relative Bandwidth of 39.5%.
Central frequency wavelength equal to 0.45 m.

The specified antenna power gain is of -10 dBi at the lowest UHF-band frequencies,
increasing to -5 dBi at the end of the UHF band [1.7].

All the others nominal antenna gain between these frequency bounds can be obtained by
linear interpolation.

Frequency [MHz] | Gain [dBi]
474 [channel 21] -10
698 [channel 49] -7
858 [channel 69] -5

Table 1.1: DVB-H power gain specifications[1.7].
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Because of this kind of portable reception antenna, we don't expect any polarization
discrimination, so that the antenna radiation pattern is omni-directional in the horizontal
plane.

The volume of the antenna has to be as low as possible, in order to fit inside a receiver
which approximate reference dimensions are:

120 mm x 80 mm x 20 mm ( length x width x height ) [1.2];

The previous dimensions are not mandatory, but they respect the actual requirements of
the market, being adopted as a reference by several constructors[1.2].

The impedance matching technique is not specified in the DV B-H standard.

DVEB-H ANTENNA POWER GAIN SPECIFICATIONS
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Figure 1.5: DVB-H antenna power gain specifications.
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Chapter 2: Small antennastheory.

2.1: Small antennas

Antennas are today very common objects, and they will be more and more useful in our
everyday life.

Because of the high success in electronic devices miniaturization, there is alarge demand
of small embedded antennas, one of the last space-consuming and bulky hardware
components.

Some of the first examples of reduced height antennas can be traced back to the low
frequency broadcast antennas [2.1], that because of the corresponding large wavelengths
involved, needed the erection of expensive and massive transmitting towers.

This situation brought the introduction of L-shaped antennas and the utilization of
capacitive top loading, in order to dramatically reduce the antenna size.

The second world war itself contributed to find the earliest wise antenna solution,
because of the need of constrained antennas size, for both ease of transportation and
enemy visibility.

There were several reasons for the increasing demand of small antennas, such as for
example low aerodynamic profiles, reduction in the radar signature and so on.

Present day, it is a very rare situation to see external antennas over a handheld radio unit
such as mobile phones.

Though if it would be technically possible to build a good external antenna, with a huge
complexity reduction for the antenna designer point of view, the market demands for
invisible solutions, that are more roboust and seem to make happy the final users.

This gives a'so more freedom to the equipment designers, that can fully use their artistic
skillsto catch the client attention.

We have to remark that not only aesthetic considerations leads to an interna antenna
choice, because this continuous optimization gives us the opportunity to find more
efficient solutions.

There are different ways to differentiate the characteristics of the general term “small
antennas’ [2.1]:

e Anelectricaly small antenna can be physically bounded by a./2p radius sphere.

e A physically constrained antenna is not necessarily small electrically, but its
shape configuration contributes to a considerable size reduction in given
directions.

e Functionally small antennas summarize the previous two definitions with
additional performance requirements without space consuming solutions.
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2.2: Quality factor and itsderivation.

The quality factor Q is a very useful parameter to describe, for example, the impedance
bandwidth of one antenna in a rigorous manner, in order to compare easily the
performances of various kind of antennas.

A classical definition of the Q of ageneral electric circuit is:

Q=21 Energy stored 2.1)
Energy dissipated per sec. '

When we dea with lossless antennas, the previously defined Q is named Q,, which

means Q unloaded.
The antenna can store two kinds of energy, respectively electric (W,) and magnetic (W,,)

energy, and these quantities can be obtained through an integration over the antenna
volume, bounded by a proper surface that encloses the whole structure [2.7]:

W = [e[E[dv and W= [u|H dv (2.2)

being E the peak electric field and H the peak magnetic field.
We know that W, and W,, are related with the reactance in the following way [2.7]:

- 20 W)
e

where | istheroot mean square current value in a current defined electric circuit.

If we take the derivative of the reactance, Foster’s theorem says us that if we are in the
case of alossless network, the slope of the reactance is aways positive:

(2.3)

X 2(W,+W,)

o 24
ow l o @4
Of course the dlope of the reactance can also be negative if losses are included.
We can easily derive the following expression for the Q:
® OX
=—— 25
Q=5 oo (25)

where R is the resistance belonging to the real part of the input impedance of the antenna
and o, the resonance frequency.

Thisisavery useful relation, that allows us to derive directly the Q having at our disposal
only the input impedance of the antenna.
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However, when we have to measure the Q of one particular antenna, the value that we get
accounts a'so for the ohmic and radiated losses [2.7]:

t 1 (2.6)
Qmeas Qrad Qohmic

A large impedance bandwidth can also hide high losses in the antenna, that corresponds
in awaste of radiated power.

2.3: Fundamental limitsderivation of electrically small antennas.

In this Master Thesis we will concentrate on electrically small antennas, because of the
relatively large wavelength involved respect to the dimensions of a handheld terminal
mainly suitable for the DVB-H signal reception.

We can derive limits for an electrically small antenna by assuming that an apparatus
consisting of antenna, transmission lines and transceiver devices could be bounded within
asphere of radiusr, being 2r the largest linear dimension of the antenna structure.

Inside that sphere we can identify an arbitrary source or current distribution, so that we
can express its radiated field with a complete set of orthogonal spherical modes, going
thisfield towards the exterior of the sphere.

This method was introduced first by Chu [2.2], later studied by Harrington [2.3] and
others.

Since we can determinate an infinite number of different sources within the sphere, Chu
confined his studies to the most suitable source distribution, minimizing the amount of
energy that was stored inside the sphere, in order to obtain aresistive input impedance at
agiven frequency.

The ideal orthogonality of the spherical modes outside the sphere makes possible to see
the total energy flowing outside the sphere as the superposition of that energy
corresponding to each single mode, without energy or power coupling between two
distinct modes inside the sphere.

With the previous considerations, we can replace the space outside the sphere with
independent equivalent circuits corresponding to each spherical mode.

While only the propagating modes contribute to the radiated power, the reactive power is
dependent on all the modes.

We can conclude that when the sphere becomes smaller and smaller, the propagating
modes fast disappear.

Being al the remaining modes evanescent, the quality factor Q becomes very large.

If we consider an antenna with radiation efficiency = 100%, we can see the tota
equivalent circuit of the antenna as a ladder L-C network, with a shunt resistive load in
the end to represent the normalized antenna radiation resistance.
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Figure 2.1: Equivalent circuit for N spherical modes[2.5].

The higher order modes experience cut-off when kr < 1, where k is the wave number.
It has been found by [2.4] that the Q of the system reduces to

1+ 2-(kr)* 1
Q= 3 2. = 3| k<l (2-7)
(kr) -[1+(kr)7] (kr) |

The previous equation represents an unachievable lower bound on the electrical size of an
antenna, that can be in practice only approached.

In figure 2.2 are shown computed values of Q versus kr, considering idealized antennas
that are enclosed within a sphere of radiusr with different radiation efficiencies.

An important parameter that can be derived from the Q is the fractional bandwidth FBW:

rew =2l L 2.8)
fo, Q

0

where Af isthe bandwidth and f, the central frequency

Looking at the fig.2.2, we can see what kind of antenna better approaches the values of
the 100% minimum Q curve, that corresponds to the highest FBW.

It is concluded that we can improve the bandwidth characteristics of one antenna of given
maximum electrical dimension only if we do a wise use of the whole physical space at
our disposal.

For example adipoleis avery poor volume utilizer because of itsintrinsic 1-dimensiona
nature.

On the other hand, a Goubau antenna [2.6], that is a clover leaf dipole with coupling
loops placed over a ground plane, better uses the 3-dimensional space.
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Figure 2.2: Fundamental limits of Q versusantenna size[2.4].
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Chapter 3: Planar inverted-F antennas.

Among antennas respecting physical size constraints, suitable for the integration in
handheld devices, we find the planar inverted-F antenna (PIFA) to be one of the most
promising [3.1].

A PIFA is made up typically by a ground plane, a rectangular patch, and a short circuit
plate of awidth narrower than the shortened side of the patch.

On the one hand we can consider the PIFA as a sort of inverted-F antenna (IFA), where
the thin wire has been replaced with a larger metalic patch in order to increase the
bandwidth.

The IFA is a well known structure, and it is typically reported as a “shunt-driven
inverted-L antenna-transmission line with an open end” [3.2].

On the other hand, the PIFA can be seen dlternatively as a short circuit rectangular
microstrip antenna (SC-MSA) resonating with the TM,, dominant mode.
We can reduce the dimension of the plate to one half of the length by inserting a short
circuit in correspondence of the null of the electric field for the TM,,, mode [3.3, 3.4].

We can drive the resonant frequency to a lower value increasing the effective inductance
of the antenna, as a result of the progressive reduction of the width of the short circuit
plate.

The previous ambiguous characteristics between the IFA and the SC-MSA make
interesting the study of the behaviour of such a structure, not yet completely clarified.

Ground Plane

Planar Element

Short-Circuit Plate
Probe Feed

Figure 3.1: An example of PIFA.
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The aforementioned dependence of the resonance frequency of the antenna from the
width of the short circuit plate is aso influenced by the size ratio of the patch

element % .
2

In fact this size ratio has to be as high as possible in order to have a low resonance
frequency. So it is understood that the PIFA resonance frequency is proportional to the
current distribution effective length.

s hort-circuit plate

Y —_—
Li/l;=0.5 ~

—_—e j— |  g—

—_— e
Lilz=1.0 |— —_— V
— —

. Iy
_ . —
—_— —_—
Li/ly=2.0 L4
—_ —_—
— ——— v
A
L2
L-W<L, L-W>L,

Figure 3.2: “Variation of surface current flow on planar element dueto sizeratio of planar element
and width of short-circuit plate” [3.5].

To clarify the previous statement we will deal with two simple conditions.
The first situation is when the width of the short circuit plate W equals the whole length
of the planar element L1, correspondent to the case of a SC-MSA , a/4 antenna.

Being W/L1 =1 the resonance frequency f., can be expressed as[3.5]:

p)
L, +H n (3.1)
that is
T (32)
" 4(L,+H) '

With L2 + H the MSA effective length, ¢ the speed of light and H the short-circuit plate
height.
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The other degenerate case where W=0, can be physicaly represented by an infinitesimal
short circuit pin:

L1+L2+H=% (3.3
that is:
C
fo=—" 3.4
" 4(L+ L+ H) (34)
When 0<W<L1:
f,= ¢ (35)

A(L+L,+H-W)

As stated in [3.5], with alinear interpolation operation we can approximate the resonance

frequency when O<W/L 1<1:
f.=R-f, +(1-R)-f, forisl (3.6)
L,
and
fo=r*fy +(1-r)-f, forLi2>1 (3.7)
where R:w andk = 5
L L,
Concerning the bandwidth of the antenna, it increases according to the rise of H, the

L,

planar element size ratio Eand the ratio VEV as we can see from the following figures

3.3, 3.4, where Adistheunit cell sizeusedin [3.5].

However the bandwidth of a PIFA installed over a handheld housing is wider than of the
same PIFA placed on an infinite ground plane.

A suitable cause for this effect can be found in the surface current flow on the conductive
housing. There are several ways to increase the bandwidth, such as the addition of
parasitic elements like in [3.6], and the design of double-resonant PIFA’s[3.7, 3.§].
Obviously atrade-off must be established in order to reduce the antenna volume.
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Figure 3.3:Bandwidth of the PIFA when short-circuit plate width isequal tol, (SC-MSA) [3.5].
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Figure 3.4: “Bandwidth of the PIFA when short circuit plate width isnarrower thanl, "[3.5].
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Chapter 4: FDTD theory.

4.1: The FDTD technique.

Finite-Difference Time-Domain (FDTD) is nowadays a leader techique in modelling and
simulating awide range of electromagnetic problems.

This has been possible thanks to the exponential growth of computers, that allowed the
solution of complicate problemsin areasonable computational time.

As every field of engineering, the widespread of the FDTD traces back its origins to
military applications, such as the reduction of the radar cross-section of airplanes and
missiles[4.3].

FDTD works in time-domain, so a wide range of frequencies can be covered within a
unique simulation run [4.1].

This method works modifying Maxwell’s equations in differentia form to centra
difference equations, that can be solved easily in software.

Because of the dependence between the electric and magnetic fields, Y ee [4.6] proposed
the so called leap-frog algorithm, described in section 4.6.

In order to use the FDTD algorithm, it is necessary to specify a computational domain,
decribing properly all the geometrical objectsinside the domain.

These objects are made up by specific materials, which properties need to be specified.
For example, a perfect conducting material (PEC) will be specifed by a proper choice of
the boundary conditions.

The next step implies the modelization of the source, that for example can be an
impinging plane wave or a current distribution.

Once that the simulation is finished, from the knowledge of the electric and magnetic
field at each location, other information can be extrapolated with post-processing.
Antenna input impedence, surface currents and far field plots can be easly derived,
depending on what is needed.
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4.2: Advantages of the FDTD technique.

The FDTD technique, being a direct implementation of Maxwell’s curl equations, doesn’'t
need pre-processing.

Thanks to the fact that the entire procedure is carried out in the time domain, a broadband
frequency response can easily be obtained with a proper excitation.

Complex three-dimensional systems can be modelled and analyzed, including microwave
interaction with human body or non-linear components simulation.

The structure under analysis can be made up by constitutive materials with special
features, such as lossy dielectrics, anisotropic media or magnetized ferrites.

It can be included also the dependence of permittivity and permeability respect to the
variation of the frequency.

Because of the possibility of using the so called “near to far” transformations, the antenna
far field pattern can be obtained, together with the derivation of currents and power
flows.

The input impedance of the antenna can be calculated thanks to a broadband simulation,
in order to study both impedance matching and antenna efficiency.

It is interesting to remember that we can also display real-time animations, that
contributes to a deeper understanding of the physical behavior of the structure under
simulation.

4.3: Weaknesses of the FDTD technique.

Depending on the wavelength of the electromagnetic waves under investigation, it is
necessary to increase the lattice discretization, in order to be consistent with the Nyquist
sampling theorem. More cells signifies more solving time, and often large computational
domains have to be established.

To mitigate these situations, such as the modelization of thin wires, subcell gridding can
be used instead of the conventional uniform one [4.3].

Because of the finite computational domain, we have to properly model artificial
boundaries, trying to minimize the inherent error.
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4.4: Maxwell’ s equations.

The two-hundred and more years old Maxwell’s equations are still the milestone of
modern engineering, because their elegant property to unify the electric and magnetic
field, predicting electromagnetic wave propagation and interaction.

Now we present the Maxwell’s equations in three dimensions in both differential and
integral form. We suppose the absence of magnetic or electric current sources, with the
possibility of absorbing materials in the space under investigation [4.1].

e Faraday’sLaw:

B v E-T (4.1)
ot

" [[8-d48=—qE-di- ][5, o3 (42)

e Ampere'sLaw:

%:wﬁ—i (4.3)
0 — ~ — A . ~
asﬂD-olszng-ou—gJe-ols (4.4)

e Gauss'sLaw for theéectric field:

qjﬁ-dézo (4.6)
S

o Gauss'sLaw for the magnetic field:
V-B=0 (4.7)
§fB-ds=o0 (4.8)
S

with the following symbols meaning in MKS units[4.2]:
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E: electric field (volts- meter )

« D: electric flux density ( coulombs- meter?)
H : magnetic field (amperes- meter)

* B: magnetic flux density (webers- meter ?)

e S arbitrary three-dimensional surface
* dS: normal vector of surface S(meter?)

e | : closed curve bounding the surface S
e dl : unit path length vector of the curve C(meter)

: electric conduction current density (amperes- meter )

e J_:magnetic conduction current density(volts- meter’z)

If we do hypotheses of linear, isotropic and non dispersive materials, we can do some
simplifications, because of the scalar relation of B to H, andD to E respectively:

B=uH (4.9)
D=¢E (4.10)

Where ¢ is the electric permittivity of the material ( farads- meter™), and 4 is the
magnetic permeability of the material (henrys- meter’l) :

As stated in the beginning of the section, we allow both magnetic and electric losses in
the materials, so that electromagnetic energy can be dissipated via Joule effect.

So we introduce two equivalent currents, the equivalent electric current J, and the
equivalent magnetic current J, :

J.=cE (4.12)
J.=p'H (4.12)

where o is the electric conductivity (siemens-meter), and o' is the equivalent

magnetic resistivity (ohms- meter ).
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With the previous assumptions, we can easily obtain after some passages:

M _ 1y E-LH (4.13)
ot U U

E_ L1y A %E (4.14)
o & £

Introducing for example a three-dimensional Cartesian coordinate system (X,y,z) in
rectangular form, (4.13, 4.14) can be rewritten to form a system of six coupled scalar

equations:
oE :
H_UE &y (4.15)
ot wul 0z oy
oH .
yzi(aEz_aEx_pHyj (4.16)
ot u\ ox o0z
oE :
H, _E B oy 4.17)
ot uloy ox
oH
E _1ifH, Y _GE, (4.18)
ot e\ oy oz
oE
y zl(aHx—aHz—oEyJ (4.19)
ot e\ 0z 0OX
oH
k1 Y —aHX—aEZ (4.20)
ot e\ ox oy

This system of six coupled partial differential equations will be the basis of the following
derivation of the FDTD algorithm.
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4.5: The one-dimensional scalar wave equation.

The one-dimensional scalar wave equation is one of the constitutive bricks that allows us
to investigate the FDTD method.

For this purpose, we will now introduce the finite differences, which properties will be
useful in the next.

The following partial differential equation represents the simple one dimensional wave

equation [4.1]:
ot? ox? (4.21)

where “u” is a function of both space and time u = u(x,t), and c is the speed of light,
considering in this case a physical wave propagation in vacuum.

If now we do two Taylor's series expansions of u(xt,) respect to the space, with
starting point x at the fixed time instant t,, both to the right and to the left of x , we

get:
ou AX® 24 A2 ot M 4o
ux+AY)| =uU  +AX—| ] e o (4.22)
bR T x| 2 T 6 & 24" &
%t Xoh & ot
au A Pl &P el & ot |
-AX)| =u = —AX—| + . —-— +—

where ¢ and £, arelocated in the space interval (x +Ax) and (X — AXx) respectively.
After some simple passages, we obtain [4.1]:
o2u (X + AX) —2u (X; ) +u(x; — AX) )
—[ +0| (ax)’] (4.24)
X tn t

ES

(&%)

where O[(Ax)z} accounts for all the higher order remainder terms.

The previous equation is a second-order accurate approximation, central difference, of
the second partial space derivative of u, that for ease of notation can be rewritten as:

62u| u' -2 +u” 2
=SS0 of (ax)’ 4.25
ol (@2
where for the next U standsfor aquantity evaluated at x =iAxin space and at t, = nAt
intime.
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By simple analogy we can derive the correspondent expression for the second partial time
derivative of u:

82u| u™ —2u" +u™? 2
— =T o (at)' |
atZ - (At )2 ( ) (426)

the previous formulas lead to the following approximation of the one dimensional scalar
wave equation:

w+1(CAt)2l:unl+l_ 2u™+u" 1}2” AT #O[(AI) j+O[(AX) T (4.27)

(4%) °

We see that the eguation is fully explicit, because of the fact that no simultaneous
equation solution has to be found.
It exists a specia case that reduces the equation to a very interesting form, called in the
next magic time step, that is [4.2]:

At

c—=1
™ (4.28)

In this situation, the equation 4.27 reduces to:

n+1 n1

u-= uiil+uir11_ui (4.29)
where there is no remainder term accounting for the numerical error introduced in the
discretization of the one-dimensional scalar wave equation.

This is because for this particular step choice, all the approximations in the Taylor's
series expansion simply cancel out each other, leading to an exact solution.

4.6: Yee' salgorithm.

We can trace the origin of finite-difference time domain technique (FDTD) back to 1966,
when Kane Yee wrote his paper about solving Maxwell’s equations in isotropic media
thanks to a brand new numerical method [4.6].

Yee's basic idea was to develop a powerful but simple algorithm to solve both electric
and magnetic fields in space and time using the aforementioned Maxwell’s equations,
which form is coupled and interlinked.

When we have at our disposal information about both electric and magnetic field, we get
amore robust solution.

This agorithm also alows to model field singularities, such as structures with thin wires

or sharp edges. B -

As we can see from the next figure, Yee's algorithm places itsE and H componentsin
awise way in the three-dimensional space, so that “every E component is surrounded by
four circulating H components, and every H component is surrounded by four
circulating E components” [4.1].
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S

o

X

Figure 4.1: Allocation of the electric and magnetic field vector components respect to a single unit
cell of the Y ee space lattice [4.1].

We can recognize infig. 4.1 an interlinked array of contours dealing with both Faraday’s
and Ampere'slaws.

This configuration can be seen simultaneously as a pointwise differentia form or a
macroscopic integral form of Maxwell’ s equations [4.1].

Another interesting feature of this algorithm is that the space derivatives belonging to the
curl operators are central-difference in nature and second order accurate.

If we specify at each location in the lattice appropriate values for permittivity,
permeability and conductivity, we don't have to enforce boundary conditions, because
they are automatically enforced by the algorithm.

However the total structure geometry has to be approximated with a finite space
resolution depending on the dimension of the lattice unit cell.

If we don't have electric or magnetic charges, the Yee agorithm becomes divergence-
free for both E and H field components, because of an automatic enforcement of the
two Gauss' laws.
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With the ulterior centring of both E and H field components in time, we reach the
famous Y e€’ s leap-frog algorithm.

E E E E
1: |T T T t=2At
H A A
t=1.5At
E E E E
A il
i t=At
A A A
— e - I::OS.-M
E E E E
1 I ‘
1 1 i . t=0
¥=0 X=AX x=2Ax X=3Ax

Figure 4.2: leap-frog algorithm in both space and time [4.1].

In fact the computations of the electrical field at each lattice point is done using the
previously stored magnetic field values, with areciprocal behaviour at the next time step.
This is an explicit method, because no matrix inversion is needed, a problem occurring
for example in the numerical technique method of moments (MOM), because of the high
number of simultaneous equations to be solved.

An interesting feature of the Y ee algorithm is aso the absence of dissipation, that results
in aphysical propagation of the wave in the lattice, without any spurious decay.

In order to be consistent with the original paper of Y ee, we keep the same notation in the
next, generalizing to the three-dimensional case.

A space point in arectangular Cartesian coordinate system will be represented in a three-
dimensional lattice as:

(i,j,k)=(i-Ax j-Ay,k-A2) (4.30)
where Ax, Ay, and Az are space incrementsin X, Yy, z directions respectively, being i, j,
and k integer indexes.
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If we want to describe a function “u” of both space and time at some discrete point,
caling At auniform timeincrement, we have:

u(iax, jay,kAz,mat)= ', (4.31)

where nis an integer.
Y ee wanted to design his algorithm in such away to have both electric and magnetic field

. . . A . .
components interleaved in space at intervals of 7)( , leading for example to the following

expression of finite differencesin space:

Ul i — Uy
%OAX, JAy, kAZ, nAt): |+1/2,J,kAX i-1/2,j.k T q: @ X)2:| (432)

where we are considering the x-directed first partial space derivative of u, evaluated when
thetimeis fixedto t, =n-At.

Y ee made an analogous choice for the expression of the first time partial derivative of u,
keeping the space point fixed to (i, j, K). In fact, this will lead to the completion of the so
called leap-frog algorithm, with the ulterior interleaving of both electric and magnetic

. L . At
field componentsin time at intervals of >

4.7: Finite difference Maxwell’ s equationsin three dimensions.

Recalling equations (4.13, 4.14), we can now derive their correspondent formulation in
finite differences through the Y ee algorithm.

oH_ 1y E_PH (4.33)
ot U U

B _1u . H_%E (4.34)
ot ¢ &

If we use a Cartesian three-dimensiona coordinate system in rectangular form, after

some manipulations equations (4.33, 4.34) lead to a system of six coupled scalar
difference equations [4.1]:
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1- pil,j,kAt
X |,], 1+ pl‘l’kAt
24t
(4.35)
1- pil,j,kAt
H |2 2:ui,j,k
yligk = AL
14—7/)”"k
Zﬂi,j,k
(4.36)
1- pi',j,kAt
z|l,), 1+ pIYJ'kAt
24t
(4.37)
1 0; KAt
E | o Z
s ] 1+O_i’j’kAt
2‘9i,j,k
(4.38)
1- o KAt
E n+ _ 2‘C‘vi,j,k
y [i,jk
14 O'i'j’kAt
Zgi’j’k
(4.39)
1 0 KAt
E. " = —Zgi'j'k
zliik 1 0, At
28i’j’k
(4.40)

E

n-1/2

x|i,ik

z|i,j.k

+

At
Hijk Eyir}lﬁl/z_Eyir}kr vz Ezi?« uz;‘EJiq 1/ng
1+M Az Ay
O
At
Hiix Ezl 31/2, ik E J, —o'nl/2, ik E L jnj+kl/2_ E L ,in;4<1/z
1+M AX Az
2/ui,j,k
At
Hi ik [Ex s~ BdiE vy Ey s EJ 4w KJ
1+M Ay AX
24 5k
At
i,jk [ Hz npryllllzz 'S Hzl ?1-1]{/22 k HJ ?114121/2_ HL ?114121/2}
1+M Ay Az
2Ei,j,k
At
i.jk [ Hxl iF,rj:,LILZ:LIZ_ HJ iﬂtjz,lljezllz_ Hlfll//zz,j,k_ le{i]llllzz,j,ﬂ
1+M[ Az A X
29i,j,k
At
5i,j,k { Hy ir:rll/jzz,j,k_ HJ fllllzz,j,k_ H>l :ﬁllliz,k_ HL ?gllliz,ﬂ
1+M[ AX Ay
X

i,j.k
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Though the previous equations may seem difficult, there are some constant parts than can
be easily grouped, in order to store them in a computer memory unit before the beginning
of the time-stepping.
In fact, supposing the presence of a cubic lattice (AX= Ay = Az= Au) , we can define the

following coefficients, which ulterior simplifications are possible depending to the

material properties[4.1]:

aliik —

Cb‘i,j,k =
Da ik
Db ik —

O'in’kAt

2‘C"i,j,k
14 ai’j'kAt
2¢

i,j.k

1

At

AU'&‘i’j’k

14 ZeisA

i,j.k

_ pi', i kAt

Zlui,j,k

Pil,j,kAt
2'Lli,j,k

At

AU- g4 5

pi‘,j,kAt
Zlui,j,k

(4.41)

(4.42)

(4.43)

(4.44)
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4.8: FDTD lumped elements modelling.

The FDTD method can be easily extended to allow the modelling of both linear and
non-linear lumped circuit elements [4.4].

However, in those lattice cells that identify the space location of lumped elements, some
modifications in the time-stepping algorithm are needed.

In order to modify the equatlons belonging to the conventional Y ee algorithm, we recall

here the Maxwell’s curl H equation, from which we can obtain the electric field E via
conventional time-stepping [4.1]:

vXﬁ=I+% (4.45)

using the well-known relations J,=cE and D=¢E, because of linearity,
nondispersivity and isotropy hypotheses for used materias, after central differencing of

(4.45) weget [4.1]:
1—M = 12 n1/2 n1/2 12
Ez injflk: ik Ez in_k + Eilik Hy i+1/2,j ,k_Hy i-1/2,j k + Hx ij-12k Hx i j+1/2k
A 14 o KAt o 1+ 0, KAt AX Ay
28, 25k
(4.46)

we suppose to evaluate J, at the time step n+1/2, so we are dealing with a semi-implicit
formulation, still keeping the algorithm numerical stability for valuesof o >0

J nfl’zza’j’k(E "
2 Al

| T (4.47)

If we consider the lumped circuit elements placed in free space, we can simplify the

notation assuming respectively e =¢,, c =0 and J, =0

If we expressthe curl of H with finite differences:

iTllllzz,j,k_ H y iT11//22,j,k + H X
AX Ay

we obtain after trivial passages a simple expression for equation (4.46 ):

R 1/2 _HJ n12

ij 12K i 12k (4.48)

n+1/2 y
VxH =

n+1

z|i,j,k

ikt — AyxHy Y (4.49)

i,j,k
50
Thanks to the papers of Sui et a. [4.4], and [4.5], it has been shown that modifying
Maxwell’s equations with the addition of a lumped current density term J, makes
possible the introduction of lumped circuit elementsin the FDTD algorithm:

E
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oD

VxH=J +—+J, (4.50)
ot
If 1, isthetotal element current, related also to the electric potential V, we have:
IL
= 4.51
=y (451)
V=E| Az (4.52)

Beside these assumptions we have to specify other geometrical features, such as the
orientation of the lumped element along the z axis of the grid, without loss of generality.
In fact permuting indexes properly we can derive the other cases for arbitrary alignment
of the lumped circuit element respect to the reference axes.

After some passages we get [4.1]:

At

i At I w1/
€o

E ‘ 453
s pxhy b (4.53)

z

n+l _
ij,k— Ez

n n1/2
it — VX H -

4.9: Thenumerical resistor.

If we want to model a numerical linear resistor aligned along the z axis at the field
component E, |, ;  , wefind [4.5]:

n+1/2 AZ 1l n
[ ZZ_R(EZ ikt E; i,j,k) (4.54)
and
I n+1/2
J, =l (4.55)
AxAy

Finally we get the following time-stepping equation:

_ AtAz At
- 2Re,AXA " £ »
E, | = WZV EJ 7t 1Tom Vx HT Y (4.56)
+ +—
2Re, AXAY 2R AXAy

The previous equation may seem difficult to implement in practice, but if we look
carefully, only constant parameters have to be modified, so it is necessary only changing
properly the definition of the coefficients mentioned in equations (4.41-4.44).

In literature [4.5] it has been found a good agreement between the impedance matching
using the numerical resistor and the conventional physical resistor made up of one cell
filled by amaterial chosen properly to account for the resistive behaviour.
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4.10: The numerical capacitor.

Now we proceed to the description of the numerical capacitor, aligned aong the z axis
like before and placed at E, |, ;  in free space.

Recalling the well known relation for the current | flowing in a capacitor which terminals
insists avoltage difference V:

1—cV (4.57)
dt
we obtain as before a semi-implicit relation:

n+l/2 CAZ n1 n
z|ijk — At (Ez ik Ez i,j,k) (4-58)
I n+1/2
z|ij.k
— 4.59
L AxAy (459)

The resulting modified time-stepping relation is [4.5]:
At

E, VxH Y (4.60)

n+l _ n
ik = Ezlijut

__ %
14 CAz
EoAXAY

Also here the only modification to introduce in the conventional Yee time-stepping

algorithm isthe reformulation of constant parameters.
It has been demonstrated in [4.5] a good agreement between this numerical capacitive

load implementation and theory.

4.11: Thenumerical inductor.

Similarly, if we want to model a numerical linear inductor aligned aong the z axis at the
field component E, |, ; , , we have to impose the following conditions:

n+1/2 AZAt : m
Iz ik :TZlEz ik (4-61)
I n+1/2
3, =2k (4.62)
AXAy
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where L isthe value of the inductance
The resulting modified time-stepping relation is[4.5]:

2 n

Az(At) m
———>E|", 4.63
gOLAxﬁyzl l ik ( )

At .
E.fiix :Ezri,J,kJrgVX H e -

4.11: Cell size consider ations.

In order to sample properly the structure to be simulated with the FDTD algorithm, the
unit cells must be small compared to one wavelength, as a consequence of the general
Nyquist criterion.

With these constraints to satisfy, the side of each cell should bel/i0 or less[4.3].

Sometimes it is better to use smaller cells, such as in the case of thin wire modelling,
being the antenna impedance very sensitive to small modifications in the radius of the
wire, so that also sub-cell gridding can be included.

4.12 Numerical stability criteria

When we define the input parameters of a FDTD problem, we have to pay particular
attention to choose the right time and space increments, in order to ensure both accuracy
and numerical stability.
Having determined the spatial cell size, thanks to the Courant condition, we can derive
the maximum allowed time step At [4.1]:

1

1,1 1
AX?  AY?  AZ?

where Vv, isthe maximum velocity of propagation, with v = c in free space.

When we are in the special case where Ax= Ay = Az= Au, the aforementioned condition
becomes:

v, At s% (4.65)

Voo - AL < (4.64)

4.13: Numerical dispersion.

The constitutive equations that rule the FDTD technique imply a non-physical numerical
dispersion of the waves as they travel in the simulated computational free-space lattice.
Parameters like grid discretization, relative direction of propagation or wavelength
variation, contribute to change the phase velocity of the numerical waves that travel in
the lattice, so that it differs from the speed of light c.
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This phenomenon can be the cause of several problems, such as numerical anisotropy,
accumulation of delays, phase errors and broadening of pul ses.

Numerical dispersion can be analyzed through the derivation of dispersion relations for a
plane wave [4.1]:

35 A et e

where the ideal dispersion relation for a plane wave in a lossess homogeneous medium

isgiven by:
0)2
? = kxz + ky2 + k22 (467)

It can be easily shown that the two relations in the limit asAx, Ay, Az,and At approach
to zero are equal.
This behaviour suggests that if we want to reduce numerical dispersion below a defined
threshold, we only need to increase the spatial gridding properly.

4.14: Absorbing Boundary Conditions (ABC).

Several electromagnetic problems deal with propagation in unbounded media, such as
open space regions.

In theory such a problem would require an infinite amount of both memory and
processing time for a calculator. Because of this problem it is necessary to truncate the
computational domain trying to minimize the truncation error.

We divide the whole domain in two regions called respectively interior and exterior
region, the first accounting for the structure delimitation, and the second to simulate
infinite space. The exterior region is bounded by perfect electric conductor ( PEC).

When the outward propagation coming from the interior region approaches the PEC in
the exterior region, reflections occur.

Being this reflection the non-physical result of the truncation error, we must reduce their
effect, trying to avoid them if possible [4.3].

We can simulate in two different ways the open space surrounding the interior region.
The first method is to assign appropriate equivalent currents to the surface of the interior
region, deriving later the exterior region’s field using the Green functions.

The second approach uses specific absorbing boundary conditions to limit reflections
from the truncation of the lattice mesh.
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Chapter 5. Simulations.

5.1: Simulations outline.

In this section we summarize the steps we did to progressively propose and evauate
some antenna configurations suitable for implementation in small handheld terminals for
DVB-H signals reception:

¢ 5.2: Pifaantennainvestigations over a ground plane.

Here we get started with the investigation of simple antenna configurations, in order
to familiarize with the FDTD simulation package developed at Aalborg University.
Severa pifa antennas mounted on ground planes are simulated, in order to derive
tendencies that will be useful for the following design.

e 5.3: Effectsof ground plane size variation for a pifa antenna.

Here we study the influence of the ground plane size variation on the performances of
a pifa antenna, in order to characterize the behaviour of this antenna in a rigorous
manner, trying to find the accuracy limitsof our simulations.

e 54: Tuning of a pifaantenna with lumped componentsinvestigations.

In this section we introduce the chassis metal box in our simulations, because of the
fact we want to model real handheld terminals, which antenna doesn’t radiate over a
large ground plane as before. Thanks to the lumped component tool we developed in
this Master Thesis[App. A, C], wetry to seeiif it is possible to obtain a tuneable pifa
antenna, placing properly varying capacitors in the simulated structure. We also
validate the behaviour of our lumped components comparing our code with the
commercial simulation package CST Microwave Studio.

e 5.5 Tuning of a meandered pifa antenna.

Here we continue our study, and we propose a new antenna configuration, that is a
tuneable meandered pifa antenna. We will simulate the implementation of varactors
through a proper choice of lumped components, to see the advantages and the limits
of this approach.

We tried to do our investigations adding progressively degrees of realism, in the limit
of the resources at our disposal.

e 5.6: Top meandered monopole antenna investigations.

Now we decide to try a new kind of antenna, addressing our attention on meandered
monopol e antennas. As before, we first get started with this solution in order to derive
simple tendencies, that will suggest the next choices.
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e 5.7: Effects of the chassis metal box for meander ed monopole antennas.

In this section we continue our investigations with the meandered monopole antenna,
to understand the implications of the coupling effects between the chassis metal box
and the antenna.

e 5.8 Top meandered monopole antenna design.

Here we do a proposal for a meandered monopole antenna, where we try to provide a
tuning of the antenna resonance frequency to cover the whole band of interest.

As before we model a varactor with lumped components in the FDTD code, to see
what are the advantages and drawbacks of this implementation.

e 5.9: Top meandered switched monopole antenna.

In this section we reduce the dimension of the meandered monopole antenna thanks
to the use of several matching circuits, that divide our frequency range in severa sub-
bandwidths.

We will do this with different L-section matching circuits, which selection can be
done by a RF-switch. In order to reduce the number of reactive components involved,
we find also a compromise between impedance bandwidth and absolute value of the
reflection coefficient S11.
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5.2: Pifa antenna investigations over a ground plane.

5.2.1: Introduction.

The am of this set of simulations is to derive simple tendencies for pifa antennas
mounted on a ground plane.

We will investigate the effect of the height of the pifa short circuit plate on the antenna
quality factor.

Similarly, we will study the effect of the ratio between the linear dimensions of the pifa
top plate on the antenna quality factor variation.

We simulate several pifa antennas, al placed in the middle of a ground plane which
dimensions are progressively changed.

We define the following parameters:

Ig [mm]: length of the ground plane.

hg [mm]: height of the ground plane.

L1 [mm]: not short circuit length of the pifa.
L2 [mm]: short circuit length of the pifa.
feedl [mm)]: x-oriented offset of the feed.
feed2 [mm]: y-oriented offset of the feed.
vol [ mn?*]: antenna volume.

hsc [mm]: height of the short circuit plate.
wsc [mm]: width of the short circuit plate.
frth [MHZ]: theoretical resonance frequency.
frsim [MHZ]: resonance frequency obtained by simulation.
frperr: resonance frequency percentage error.
Q: antenna quality factor.

Zin [Ohm]: antennainput impedance.
Re(Zin) [Ohm]: real part of Zin.

Im(Zin) [Ohm]: imaginary part of Zin.

Pifa . g {
X

hsc

Feed

Ground plane feedd

lg
Figure5.1: Pifa geometry in the XZ plane.
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I feed2
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short circuit
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Figure 5.2: Pifageometry in the XY plane.

5.2.2: Simulation of pifa antennas.

The ground plane will be adapted each time to the pifa antenna, and its dimensions will
be2L1-2L2. Even if arigorous study would need the presence of a very large ground
plane to be consistent with the infinite ground plane assumptions, we decided to scale
each ground plane depending to the dimensions of the pifa, so that the antennas
performances will be nearly affected in the same way. This choice was made because of
the inherent large computational time needed in the simulations when the ground plane is
too big.

This suggests that every time a trade-off between resources and accuracy in the results
has to be established.

We decided to keep in al the smulations the same feed location (feedl = 0.5L2mm,
feed2 = 5mm) and the same wsc = Omm, so that we can apply eqg. 5.1.
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In order to have always nearly the same resonance frequency of 586 MHz (centra
frequency of DVB-H with GSM900), we choose hsc, L1, and L2 properly, following the
eguation:

c
frth = 51
4(L1+ L2+ hsc) 1)

so that the sum (L 1+L2+hsc) is constant.
We aso calculate the antenna quality factor Q as:

o oX
v 5.2
Q 2R ow (52)

where R is the value of the real part of the input impedance of the antenna measured at
resonance, while X is the reactance of the input impedance of the antenna at resonance.
The derivative of the reactance has to be calculated close to the resonance, but because
we don’t have an analytical expression for the reactance, we have to approximate that
derivative.

oX

So we caculate =
ow

w=a0g as.

|X (0, —Aw)— X(@q+ Aa))|

Am (5.3

We have only discrete values of the input impedance of the antenna, so we choose two
values that are close to the resonance.

In fact if we choose Aw too big , we loose linearity and the values that we get are wrong.
We define resonance at the frequency point where the reactance of the input impedance
of the antennais equal to the mean of its maximum and minimum value.

Near resonance the reactance s linear, so that we can calculate an approximate derivative
(fig. 5.3).

The size of one cell inthe FDTD simulation is 5mm.

The antenna input impedance is calculated over a frequency range of 300 MHz centred
on 586MHz, where 10 samples per MHz are taken, with a total of 3000 samples, and we
will keep these assumption in the next of the report.

The following table is a summary of the simulated antenna (1-18) features and inherent
results:
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pifa| L1[mm] | L2Imm] | L1/L2 | hsc[mm]| frth[MHz] | frsim[MHz]| Q frperr
1 60 60 1.00 5 586 596 297 1.68
2 70 50 1.40 5 586 598 364 2.01
3 80 40 2.00 5 586 600 250 2.33
4 90 30 3.00 5 586 604 129 2.98
5 100 20 5.00 5 586 603 32 2.82
6 105 15 7.00 5 586 599 21 2.17
7 55 60 0.92 10 586 593 121 1.18
8 65 50 1.30 10 586 593 112 1.18
9 75 40 1.88 10 586 596 83 1.68
10 85 30 2.83 10 586 597 40 1.84
11 95 20 4.75 10 586 592 22 1.01
12 100 15 6.67 10 586 585 19 0.17
13 50 60 0.83 15 586 591 64 0.85
14 60 50 1.20 15 586 588 47 0.34
15 70 40 1.75 15 586 589 47 0.51
16 80 30 2.67 15 586 589 31 0.51
17 90 20 4.50 15 586 586 23 0.00
18 95 15 6.33 15 586 578 17 1.38

Table5.1: pifa antenna smulation summary (1-18).

Antenna input impedance (Zin)
280 T T T T ! !

RelZim

11 E S SR b eeeeeenn Imiing |_|

e R I I S -

COhms

1100 i i i i i i
400 450 a00 450 GO0 G50 700 750
Frequency [MHz]

Figure 5.3: Example of antenna input impedance (Zin).

As we can see from fig. 5.4, the antenna quality factor Q is more influenced from the
variation of the height of the short circuit plate hsc, and this is consistent with the theory;
in fact the bandwidth grows as hsc grows. The mean percentage error on resonance
frequency is 1.37%.
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Theory state that the bandwidth has to increase as L1/L2 grows, and thisis confirmed by
all the ssimulations except for pifa2.

This may be explained by accuracy errors inherent both approximation of the Q and
limited ground plane size.

The tendencies derived suggest for the next the choice of pifa antennas with a largeratio
L1/L2, together with a high hsc.

However we will be limited by the dimensions of the chassis box and by the fact that the
antenna volume has to be kept as small as possible.

Quality factor variation with the ratio L1/L2 for different values of hsc

—&— hsc=5mm
—+— hsc=10mm |_|
—=— hsc=15mm

400

350

300

T B B

200 - f N

Quality factor Q

i1 N e

100

Ratio L1/L2

Figure 5.4: Quality factor variation with theratio L1/L2 for different values of hsc (1-18).

5.2.3: Simulation of constant volume pifa antennas.

In the next simulation set we keep the volume of the antenna constant and equal to &,
over asquare ground plane with Ig = hg = 140mm.
In fact it is important to compare antenna performances when the volume is fixed,
because thiswill lead to afair understanding of the antenna behaviour.
However, it is more difficult to do this when the antenna is mounted on its chassis,
because we have to consider also physical constraintsin our investigations.
As before we decide to keep in al the simulations the same feed location (feedl =
0.5L2mm, feed2 = 5mm) and the same wsc = Omm.
The following table is a summary of the simulated antenna (19-25) features and inherent
results:
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pifa | L1 [mm] L2 [mm] L1/L2 hsc [mm] frth [MHz]
19 60 50 1.20 10 625
20 75 40 1.88 10 600
21 100 30 3.33 10 536
22 120 25 4.80 10 464
23 60 25 2.40 20 714
24 75 20 3.75 20 652
25 100 15 6.67 20 556
pifa | frsim [MHZz] Q vol [mm3] frperr

19 623 119 3000 0.32

20 597 87 3000 0.50

21 535 50 3000 0.19

22 481 27 3000 3.53

23 701 27 3000 1.85

24 634 26 3000 2.84

25 533 19 3000 4.32

Table5.2: pifa antenna simulation summary (19-25)

Aswe can see from fig. 5.5, similar tendencies are derived for hsc and the ratio L1/L 2.
Also here the percentage error on resonance frequency is quite small.

The quality factor is more sensitive to the height of hsc, so that for a fixed volume, it
seems better to choose that antenna configurations with the highest hsc, in the limit of
our physical constraints.

Quality factor variation with the ratio L1/L2 for different values of hsc

[ [ [ [
—6— hsc=10mm | |

—+—— hsc=20mm
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>
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0 T N
55 6 65 7
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Figure 5.5: Quality factor variation with theratio L 1/L 2 for different values of hsc (19-25).
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5.3: Effectsof ground plane size variation for a pifa antenna.

5.3.1: Introduction.

In this simulation set we investigate the effect of the ground plane size on both resonance
frequency and quality factor of a pifa antenna.

We also look at the variation of the antenna input impedance calculated at resonance.

A popular antenna theory simplification states as a common hypothesis the perfect
ground plane, that isin the ideal case perfectly conducting, planar, and infinite in extent.
This makes possible to apply image theory, in order to remove the ground plane from the
anaysis.

When we simulate real antennas, we deal with finite size ground planes, that deviate
results from the ideal case.

It was shown in [5.1] that antenna input impedance oscillates about the value
corresponding to the infinite ground plane as the size of the ground plane increases.

At some point this oscillation should converge to the perfect ground plane value.

The resonance frequency was reported to be less affected by the ground plane size [5.1].
The variation of the antenna input impedance with the ground plane size, implies a
correspondent variation in the quality factor.

In[5.2] it was reported a lowering of the quality factor as the ground plane size increases,
that corresponds to awider relative impedance bandwidth.

We keep for al simulations the same pifa antenna, that will be centred each time on a
larger ground plane. We define the following geometric parameters:

Ig [mm]: length of the ground plane.

hg [mm]: height of the ground plane.

L1 [mm]: not short circuit side of the pifa.

L2 [mm]: short circuit side of the pifa.

feedl [mm]: x-oriented offset of the feed.

feed2 [mm]: y-oriented offset of the feed.

hsc [mm]: height of the short circuit plate.

wsc [mm]: width of the short circuit plate.

nfb [cells]: number of near field boundaries cells.

L2 z

Pifa . . ‘[
X

hsc

Feed

Ground plane feadd

la
Figure5.6: Pifageometry in the XZ plane.
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Figure5.7: Pifageometry in the XY plane.

L1 [mm]|L2 [mm]|hsc [mm]jwsc [mm]|feed1 [mm] [feed2[ mm]
70 40 15 0 20 5
Table5.3: pifa’s geometric values.

5.3.2: Simulation.

We choose a square ground plane with Ig = hg = L varying from 100mm to 670mm in 20
steps of 30mm.

The number of near field boundaries cells is a parameter to specify in the FDTD code,
that dictates the size of the box where the FDTD boundaries conditions are enforced.

The FDTD cdl size is 5mm, while the number of near field boundaries cellsis set first to
10 cellsand later to 20 cells.
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antenna quality factor variation with different ground plane sizes
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Figure 5.8: Antenna quality factor with different ground plane sizes.

Fig. 5.8 shows an oscillating trend for the antenna quality factor, which asymptotic
behaviour isnot clear.

Thismay be explained by the fact that only when the ground plane size is large compared
to one wavelength we can expect afair convergence.

Fig. 5.9 shows that the resonance frequency finally seems to converge to the perfect
ground plane value as expected.
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resonance frequency variationwith ground plane size
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Figure5.9: Antenna resonance frequency with different ground plane sizes.

Now we show the behaviour of both rea and imaginary parts of the antenna input
impedance, calculated in the correspondence of the resonance frequency.

We remind that we defined the resonance frequency that frequency value where the
reactance is equal to the mean of the maximum and minimum reactance values.

A variation in the antenna input impedance implies a correspondent modification of the
quality factor, that is influenced also by the slope of the reactance.

From fig. 5.10, 5.11 we see a sort of convergence in the impedance values, as the ground
plane size increases.

The influence of the near field boundaries unit cells at this point is not clear.
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46



Tuneable DVB-H Antenna in a Small Handheld Device - Tesi in ingegneria delle telecomunicazioni universita di Aalborg -

© Mauro Pelosi - prelevato da www.riccardogalletti.com/appunti_gratis/

5.3.3: Effect of the variation of the number of near field boundaries cells.

In order to understand the necessary number of “nfb” cells to appreciate a fair
convergence in the parameters investigated, we vary nfb from 15 to 50 cells, where the
size of each cell is still 5mm.

In thisinvestigation we use the same pifa geometry, with a ground plane size L =220mm.

resonance fraquency vatiation with nfb
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£78.5 i i i i
10 15 20 25 30 35 40 45 g0
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Figure 5.12: resonance frequency variation with nfb.

From fig. 5.12 we can see as the resonance frequency becomes stable when nfb
approaches 30 cells.

Fig. 5.13 show that the quality factor converges after 40 unit cells.

Similarly, as we can see from fig. 5.14, 5.15, both real and imaginary parts of the antenna
input impedance seem to converge after 40 unit cells.

The previous behaviour suggests to use in the next 40 “nfb” cells for the ground plane
size variation. This would avoid unwanted oscillations in the results for different nfb
values.
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Figure 5.13: quality factor variation with nfb.

Re(Zin) variation with nfh

S L

|l il e Sl il Sttt

CooCoo00—

T e e = T= T ST = =TT

Hoooooooohoooo0o00

Hoooooooo

a0

15

1900

1600 f-------

1700 f-----4--

[wya] (wz)e

1400 f-§------

10

1200

nfb [cell]
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Figure5.16: antenna quality factor variation with different ground plane sizes.
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resonance frequency variation with different ground plane sizes
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Figure 5.17: resonance frequency variation with different ground plane sizes.

Aswe can see from fig. 5.16 the quality factor really seemsto converge with both ground
plane size and number of “nfb” cells. The oscillation of the Q is clearly around 50.
Regarding the resonance frequency (fig. 5.17), we experience a similar behaviour as
before, because of the fact that a convergenceisfairly clear.

Re(Zin) variation with different ground plane sizes
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Figure5.18: Re(Zin) variation with different ground plane sizes.
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Figure5.19: Im(Zin) variation with different ground plane sizes.

Fig. 5.18, 5.19 show the behaviour of the antenna input impedance, and even if its read
part seems to finally converge, the imaginary one has more oscillations.

We conclude that when we dea with simulation of pifa antennas over a planar ground
plane, it is very important to choose the size of this ground plane large enough to
appreciate a convergence in the resonance frequency and the quality factor.

However, we have only limited computational resources, and sometime it is a very heavy
burden for the calculator to simulate structures with a large number of FDTD cells, that
resultsin a corresponding dramatic increase in simulation time.

Regarding the number of near field boundaries cells, it needs to be chosen properly, but it
contributes to enlarge the computational domain too.

It is understood that a trade-off between accuracy of results and computational resources
IS necessary.
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5.4: Tuning of a pifa antenna with lumped componentsinvestigations.

5.4.1: Introduction.

In thisfirst simulation set we investigate the tuning capabilities of alumped capacitor in a
conventional pifa antenna. This capacitor will be modelled thanks to the algorithm
developed during this Master Thesis [App. A, C].

We define the following parameters:

[b [mm]: length of the metal chassis box.

wb [mm]: width of the metal chassis box.

hb [mm]: height of the metal chassis box.

hsc [mm]: height of the short circuit plate.

wsc [mm]: width of the short circuit plate.

L1 [mm]: not short circuit side of the pifa.

L2 [mm]: short circuit side of the pifa.

L 1off [mm]: x-oriented offset of the pifa.

L 2off [mm]: y-oriented offset of the pifa.

feedl [mm]: x-oriented offset of the feed.

feed2 [mm]: y-oriented offset of the feed.

luml1 [mm]: x-oriented offset of the lumped element.
lum2 [mm]: y-oriented offset of the lumped element.

We have a structure composed by a chassis metal box and a pifa antenna with the
following geometric parameters:

Ib[mm] | wb [mm] | hb [mm] | hsc [mm] | wsc [mm]| L1 [mm]
100 20 70 15 0 80

L2 [mm] |L1off [mm]L20off [mm]feedl [mm]|feed2 [mm]

20 0 0 20 10
Table 5.4: geometric parameter s of the smulated pifa antenna.

The capacitor, with z-axis orientation, will be placed between the ground plane and the
top plate el ement, with a capacity ranging from 0.1pF to 1pF.

The antenna without capacitor resonate at 614MHz with a quality factor of 19.

The following figures show the spatial representation of the simulated structure in the XY
and XZ planes respectively.
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Figure 5.20: Pifa geometry in the XY plane.
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Figure 5.21: Pifa geometry in the XZ plane.
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5.4.2: Capacity variation.

In this simulation set we keep fixed the position of the capacitor, and we vary only the
capacity ranging progressively from 0.1pF to 1pF.
The capacitor will be placed in the z-direction, in the middle of the pifa’s top plate, at a
distance of one cell from the plate end, that is, looking at figures 5.20, 5.21:

e |luml=5mm.

e |um2=10mm.
We will demonstrate that it is possible to tune the resonance frequency of the antenna
introducing a load capacity, that will vary the correspondent electrical length of the
antenna and may excite higher order modes.
High values of capacity correspond to a short circuit behaviour, while low capacity
values can be seen as an open circuit behaviour.
A proper choice of the capacity allows to tune the resonance frequency in a controlled
way.
We will investigate also what happens to the antenna quality factor as the capacity varies,
in order to better understand the tuning capabilities of this approach.

resonance frequency variation with lumped capacity
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Figure 5.22: resonance frequency variation with lumped capacity.
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Figure 5.23: quality factor variation with lumped capacity.
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Figure 5.24: Re(Zin) variation with lumped capacity.
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Figure5.25: Im(Zin) variation with lumped capacity.

As we can see from fig. 5.22, the resonance frequency linearly decreases as the capacity
increases, while looking at fig. 5.23, the quality factor seems to show a growing
tendency, with a correspondent decrease in the relative bandwidth as the capacity
increases.

Fig. 5.24 shows that the real part of the antenna input impedance increases as the capacity
increases, while the imaginary part doesn’t show a clear tendency.

5.4.3: Offset variation.
In the next simulation set we keep fixed the value of the capacity to 1pF, while we vary

its position from the upper plate end towards the feeding point with steps of 5mm.
In the next we will rename lum1 “offset”, for ease of notation.
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resonance frequency variation with lumped capacitor offset
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Figure 5.26: resonance frequency variation with lumped capacitor offset.
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Figure5.27: quality factor variation with lumped capacitor offset.
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Figure 5.29: Im(Zin) variation with lumped capacitor offset.

We remind that a large offset corresponds to a location of the lumped capacitor near the
feed. No tendencies can be derived for the antenna quality factor and input impedance.

Fig.5.26 shows that the resonance frequency increases as the offset increases.
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5.4.4: Combined capacity and offset variation.

Now we combine the previous investigations varying the capacity between 0.1 pF and 1
pF and modifying the offset at the same time.

We do this in order to derive more clear tendencies; so we have 4 simulation sets, where
in each set the offset is fixed and the capacity variesin 10 steps from 0.1pF to 1pF.

As we can see from fig.6.30, the resonance frequency decreases as the capacity increases.
The tendency isfairly linear, but with different slope depending on the offset.

When the offset is large, we are placing the capacitor near the feed, where we observe a
reduction in the tuning range. The explanation of this behaviour may be the effective
excitation of higher order modes as the offset is placing the capacitor near the feed.
Another effect we notice is that for large capacity values, the offset modification gives a
high tuning range.

We can explain this by the fact that when the capacity is large, it looks e ectrically more
like a short circuit than an open circuit.

If it looks more like a short circuit, it is more sensitive to the offset, because we are
changing the electrical length of the top antenna plate and the excitation of higher order
modes is more stressed.

To obtain the maximum tuning range, it seems that we have to choose the capacity
location near the end of the plate.

However, if we want to use capacity levels greater than 1pF, we have to investigate in the
next what happensif we choose the location of the lumped capacitor near the feed.

resonance freguency variation with capacity and offset
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Figure 5.30: resonance frequency variation with capacity and offset.
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quality factor variation with capacity and offset
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Figure 5.31: quality factor variation with capacity and offset.
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Figure 5.32: Re(Zin) variation with capacity and offset.
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Im(Zin) variation with capacity and offset
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Figure 5.33: Im(Zin) variation with capacity and offset.

Fig. 5.31 describes the quality factor variation as the capacity and the offset change.

The quality factor seems to grow with capacity, and this tendency is less evident when
the offset is large, that corresponds to a capacitor placed near the feed.

In fig. 5.32 it is shown the rea part of the antenna input impedance, and we observe a
clear growing tendency with the capacity.

When the offset islarge, the resistance increase is reduced.

This behaviour of course influences the quality factor.

In fig. 5.33 the imaginary part of the antenna input impedance has quite similar behaviour
as the offset varies, but regarding the capacity it oscillates, justifying the inherent small
randomness in the quality factor.

The inherent problem of using small capacity values is that if we substitute the varying
capacitor with a varactor, we will have some difficulties in finding such a component,
because of both manufacturing limitations and parasitic effects.

For al these reasons, the next investigations will focus on the establishment of a proper
trade-off between capacity values and antenna performances.

5.4.5: Capacity variation in a broader range.
In order to have a better understanding of the effects of a lumped capacitor placed

between the pifa top plate and the chassis, we vary now the capacity value in a broader
range. The lumped capacity will vary between 0.1pF and 3pF:

capacity capacityl capacity2 | capacity3 | capacity4
value [pF] 0.1 1 2 3
Table5.5; lumped capacity variation.
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Higher and smaller capacity values were tried, but the obtained results were out of our
frequency band of interest (470MHz-702MHz).

Now the pifa is dightly different; only the feeding point is moved closer to the short
circuit plate, in order to get a better impedance matching only with the feed positioning.
We did this also to make alarger capacity offset variation.

The offset is defined as before, and we vary its position from the upper plate end towards
the feeding point with steps of 5mm.

We will have the following offset values:

offset offsetl offset2 offset3 offset4 offsets offset6 offset7
value[mm] 0 5 10 15 20 25 30
offset8 offset9 | offsetl0 | offsetll| offsetl2| offsetl3| offsetld| offsetl5
35 40 45 50 55 60 65 70
Table5.6: offset variation starting from the upper plate end towards the feeding point (seefig. 5.20-
5.21).

resonance frequency variation with offset for different lumped capacity values
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Figure 5.34: resonance frequency variation with offset for different lumped capacity values.

Fig. 5.34 shows what happens when both offset and capacity vary.

One clear tendency is that the resonance frequency increases when the offset grows, that
simply mirrors the fact that we are moving closer and closer towards the feeding point.
However the curves with higher capacity values are steeper, because in this situation the
lumped capacitor acts more like a short circuit.
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At first glance it would be attractive to choose high capacity values and a small offset,
because what we really want is a tuning of the antenna resonance frequency with a
reduced capacity variation, but this will result in a deterioration in antenna performances,
asisshown in the following.

In fact, if we look at the variation of the antenna quality factor with offset for different
lumped capacity valuesin fig. 5.35, the Q decreases as both offset and lumped capacity
increase.

This effect is more dramatic when the lumped capacity is greater than 1pF, so that a sort
of trade-off between tuning range and antenna performances has to be found if possible.

quality factor variation with offset for different lumped capacity values

140 ‘ ‘
—&— capacity=0.1pF
—+— capacity=1pF
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capacity=3pF
100 -—----- S -

quality factor

offset [mm]

Figure 5.35: quality factor variation with offset for different lumped capacity values.

As we can see in fig. 5.36 the antenna impedance bandwidth, that we defined earlier in
the project delimitations, is affected by both lumped capacity value and offset. A small
offset and a high capacity value correspond to a dramatic deterioration in impedance
bandwidth, that decreases fast to zero.

This will make it very difficult to establish the aforementioned trade-off between tuning
range and antenna performances.

Fig. 5.37, 5.38 show the variation of the antenna input impedance, that affects the quality
factor and then the impedance bandwidth. A possible impedance matching would be
possible only for small capacity values, because in that cases the impedance variation
over the desired frequency band is limited.
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If this antenna configuration would be ok for a narrower frequency band, in our situation
the drawbacks are larger than the advantages.

This lead us to migrate towards other antenna configurations, to see if it is possible to
satisfy our requirements.

impedance bandwidth variation with offset for different lumped capacity values
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Figure 5.36: impedance bandwidth variation with offset for different lumped capacity values.

Re(zin) variation with offset for different lumped capacity values
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Figure 5.37: Re(Zin) variation with offset for different capacity values.
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Im(Zin) variation with offset for different lumped capacity values
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Figure 5.38: Im(Zin) variation with offset for different lumped capacity values.

5.4.6: Comparasion between two different simulators.

Now with one example we compare the results obtained with the FDTD program
developed a Aalborg University (AAUFDTDP) with the commercia software CST
Microwave Studio (CSTMS) regarding the implementation of lumped components.
We will have a capacitor with a series resistor, and we will vary progressively the
resistance value from 1 O to 30 Q keeping the capacity fixed to 1pF.
The antenna geometry is similar to the previous simulations, so that now we will place
between the ground plane and the top plate element a series made up by aresistor and a
capacitor, with z-axis orientation.
The capacitor-resistor series will be placed in the z-direction, in the middle of the pifatop
plate, at a distance of 20mm from the plate end, that is, looking at figure 5.20, 5.21.:

e |uml1=20mm.

e |um2=10mm.

We expect that the variation of the resistance will imply a corresponding modification of
the real part of the antenna input impedance.

Figure 5.39 shows a decreasing trend for the real part of the antenna input impedance in
both simulators.

It seems there is a quite good agreement between the two simulators, and the differences
experienced may be explained by the intrinsic differences of the two approaches.

In a similar way, we put a coil in the same location as before, and we look at the
resonance frequency variation as we modify the inductance value from 75nH to 300nH.
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a coil behaves like an open circuit, while when the

When the inductance is very high

inductanceis very small, it behaveslike a short crcuit.

Fig. 5.40 shows that the resonance frequency decreases as the inductance grows in both

simulators, and even if the two curves seems to differ because of an initial frequency

shift, the tendencies are quite the same.
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Figure 5.40: resonance frequency variation with lumped inductance.
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5.5: Tuning of a meandered pifa antenna.
5.5.1: Introduction.

There are several ways to design pifa antennas which resonance frequency can be tuned.
Instead of placing a varactor between the metal chassis box (that act as a ground plane)
and the pifa top plate as in section 5.4, thanks to the paper of Virga [5.3] we suggest a
new configuration, where the top plate is meandered and divided properly in two parts,
that will dictate the lower and higher resonance frequencies. These two parts will then be
connected with one varactor, placed in correspondence of one of the two top plate side
edges; in fact the current is stronger in those locations, and this alows a larger tuning
range.
When the capacity provided by the varactor isvery small (in the limit zero), it acts like an
open circuit, disconnecting the two sections of the pifa.
Thiswill correspond to the superior resonance frequency bound.
On the other hand, when the capacity is very high (in the limit infinite), the varactor acts
like ashort circuit, connecting the two sections of the pifa.
Thiswill correspond to the inferior resonance frequency bound.
If we had the capability of a capacity variation over the whole capacity range[QOO] , We
could in theideal case have a higher tuning possibility.
Unfortunately, real varactors provides only afinite tuning range.
However, we will show that thanksto the asymptotic behaviour of the capacity variation,
it is possible to tune the resonance frequency with alimited varactor tuning range.
One of the disadvantage of this configuration, is that the top plate has to be increased in
length in order to provide a proper inferior frequency bound.
Because of this, we had to meander the pifa top plate, in order to reduce at minimum the
volume occupation of the antenna
The main advantage of this configuration is that the capacity range is in the order of
several pF. In fact it is difficult to find commercial varactors with very small capacity
values, because they are difficult to manufacture and more influenced by parasitic
effects.
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We define the following parameters:

Ib [mm]: length of the chassis metal box.
hb [mm]: height of the chassis metal box.
wb [mm]: width of the chassis metal box.
L1 [mm]: not short circuit length of the pifa.
L1pm [mm]: length of the meandered section.
L2 [mm]: short circuit length of the pifa.
L2pm [mm]: width of the meandered section.
feedl [mm]: x-oriented offset of the feed.
feed2 [mm]: y-oriented offset of the feed.
hsc [mm]: height of the short circuit plate.
hpm [mm]: height of the meandered plate.
wsc [mm]: width of the short circuit plate.
freim [MHZ]: resonance frequency obtained by simulation.
Q: antenna quality factor.
Zin [Ohm]: antenna input impedance.
Re(Zin) [Ohm]: real part of Zin.
Im(Zin) [Ohm]: imaginary part of Zin.

L1

pifa

lumped element

[ hpm

Z

hsc ¢ b
Lipm
X

feed

feedl

hb

chassis

I

Figure5.41: antenna geometry in the XZ plane (the drawingisnot in scale to better display the
meander ed pifa antenna: for more details seefig. 5.61).
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5.5.2; Simulation of a meandered pifa antenna.

So we specify in the next table the antenna geometric parameters:

b [mm] wb [mm] hb [mm] L1 [mm] L2 [mm] L1pm [mm]
100 20 70 90 20 70
L2pm [mm] | feedl [mm] | feed2[mm]| hsc[mm] | hpm [mm] | wsc[mm]
20 5 5 15 5 0

Table5.7: geometric parametersfor the meandered pifa antenna.

We introduce a lumped capacitor, and varying its capacity we will see what sort of
varactor is needed to perform the required tuning of the antenna resonance frequency.
Looking at fig. 5.41, we will place the lumped elements in the space of separation of the
two plates of the meandered pifa antenna.

This space will be of 5mm that corresponds to one cell in the FDTD algorithm.

So the lumped capacitor will be placed after 80mm from the short circuit plate in the x
direction, placed in correspondence of the top plate side edge located at y = O.

We will have finally two plates, each of them 80mm long.

We will vary the capacity of these lumped elements doing a proper sampling of the

capacity range[0,] .
We will have eight capacity values:

Cl[pF] | c2[pF] | c3[pF] | cA[pF] | c5[pF]| c6[pF]
0 0.1 1 5 10 20
Table 5.8: tuning capacity values.

C7[pF]| c8[pF]
100 0

We will simulate the lumped capacitors thanks to the FDTD algorithm, but to model the
case in which the capacity is zero or infinity, we will modify the structure disconnecting
the lumped componentsin the first case, and adding a short circuit in the latter.

Aswe can see from fig. 5.42, varying the capacity between 1pF and 10pF it is possible to
have an acceptable tuning of the antenna resonance frequency.

In fact what we observe is a saturation effect in the capacity variation, so that capacity
values near to zero or infinity, lead to small variation in resonance frequency because of
the experienced asymptotic behaviour.

This property seems to be promising, because of the necessity to deal with real varactors,
which capacity tuning range is finite and limited.

Fig. 5.43 shows that the antenna quality factor grows with capacity, but its variation is
not so high, so that the relative impedance bandwidth is similar nearly for all the tuning
steps between 1pF and 20pF-.

Fig. 5.44, 5.45 show the behaviour of the antenna input impedance, which variation over
the tuning range is limited, so that it would be relatively easy to provide a possible
impedance matching.
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Figure 5.42: resonance frequency variation with capacity.
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Figure 5.43: quality factor variation with capacity.
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Figure 5.44: Re(Zin) variation with lumped capacity.
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Figure 5.45: Im(Zin) variation with lumped capacity.
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5.5.3: Antenna design and simulation.

Recalling our aim to provide a tuneable antenna working in the DVB-H frequency band
(470MHz-702MHz), we start its design following the ideas provided by the previous
simulations.

We defined as impedance bandwidth that frequency range in which the absolute value of
the reflection coefficient S11 is smaller than 0.7 in natural value.

We suppose to have at our disposal a varactor than can provide a capacity range at least

between 2pF and 20 pF.
The antenna will be a meandered pifa as before, with the top plate divided in two
sections.

Thefirst section is 40mm long, while the second one is 130mm long.
In the gap between the sections, that is 5mm long, we place properly one varactor.
The following table summarizes the antenna geometric features:

[b [mm] wb [mm] hb [mm] L1[mm] | L2[mm] | LI1pm [mm]
100 20 70 90 20 80
L2pm [mm] | feedl[mm] | feed2[mm] | hsc[mm] | hpm [mm]| wsc[mm]
20 5 5 15 5 0

Table5.9: antenna geometric features.

The antenna occupies a volume of 100mmx 20mmx 15mm= 30cnT, where we consider
also the empty space to leave on the chassis for a good radiation.

resonance frequency variation with capacity
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Figure 5.46: resonance frequency variation with capacity.
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Now we show the results of our simulation, where we varied the capacity from 2pF to
quality factor variation with capacity

20pF, to span the desired frequency range.
As we can see from fig.5.46, when the capacity increases the resonance frequency

decreases as expected, even if the tuning capabilities are reduced in the higher capacity

values because of saturation effects.
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Fig. 5.47 shows a growing trend for the quality factor with some oscillations, whilein fig.
5.48 we see that the impedance bandwidth decreases as the capacity grows.

Fig. 5.49 shows the achievements of our goals, because we can appreciate the tunability
capabilities of the antenna.

In fig. 5.49 the observed ripples are only caused by numerical error inherent inthe FDTD
simulation, and even if they can be reduced increasing the accuracy of the FDTD
simulation, they don’t affect our conclusions.

All the frequency range (470MHz-702MHz) is then covered with a resulting relative
bandwidth of more than 40%.
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Figure 5.49: abs(S11) variation with capacity (tuning).

All this was obtained without impedance matching, but if we look at fig. 5.50, 5.51, the
reduced variability of the antenna input impedance would suggest the introduction of a
matching network, depending on the complexity we want to add in the design.

In order to have a complete understanding of the antenna behaviour, we show aso the
Smiths chart for each tuning step.

In fig. 5.52-5.56 we can see that we are far away the center of the Smith chart, that
correspond to the perfect matching case. A more complete analysis would suggest further
investigation to see if a better matching with the variation of the feeding could be

achieved.
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Figure 5.50: Re(Zin) variation with capacity.

Im(Zin) variation with capacity

10 11 12 13 14 15 16 17 18 19 20

8 9

7

[wyo] (uz)w

lumped capacity [pF]

Figure5.51: Im(Zin) variation with capacity.
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Figure 5.52: Smith charts corresponding to the meandered pifa antenna for different tuning steps
(2pF-5pF).
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Figure 5.53: Smith charts corresponding to the meander ed pifa antenna for different tuning steps
(6pF-9pF).
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Figure 5.54: Smith charts corresponding to the meandered pifa antenna for different tuning steps
(10pF-13pF).
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Figure 5.55: Smith charts corresponding to the meander ed pifa antenna for different tuning steps
(14pF-17pF).
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Figure 5.56: Smith charts corresponding to the meander ed pifa antenna for different tuning steps
(18pF-20pF).
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5.5.4: Comparasion of the obtained results between two different simulators.

Now we compared the results obtained with the Aalborg University FDTD program
(AAUFDTDP) with the commercia software CST Microwave Studio (CSTMS), in order
to seeif our implementation of the lumped capacitor in the FDTD code was correct.

We tried to recreate exactly the same geometrical antennafeatures in both simulators, but
some differences are expected for the two different approaches.

As before, we varied the lumped capacity between 2pF and 20pF, in order to see if the
resulting tuning of the antenna resonance frequency covers the desired frequency

bandwidth.
resonance frequency variation with lumped capacity simulated with AAUFDTDP & CSTMS
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Figure 5.57: resonance frequency variation with lumped capacity simulated with AAUFDTDP &
CSTMS.

As we can see from fig. 5.57, there is a good agreement between the two simulators
respect to the resonance frequency variation with lumped capacity.

Fig. 5.58 shows the variation of the absolute value of the reflection coefficient S11 over
the frequency band under investigation, so that also the simulation with the CSTMS
confirms our tuning capability between 470MHz and 702MHz.
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Figure 5.58: abs(S11) variation with capacity (tuning) for CSTMS.
5.5.5: Morerealistic model for the varactor.

Now we do a more realistic model for the varactor, that will be simulated by a simple
equivalent circuit made up by a variable capacitor in series with aresistor.
In this investigation we kept the resistance fixed to 1Q to see what happens to the
antenna radiation efficiency.
The antenna geometry is now dlightly different, because of the need to include a cell in
the FDTD code corresponding to the series resistor.
In fact the two parts of the meandered pifa will now be separated by 2 FDTD cells, that
corresponds to a distance of 10mm in the x direction.
In these two cells we will place the series of the varying capacitor and the resistor to
simulate the behaviour of the more realistic varactor.
Being the antenna radiation efficiency defined as the ratio between the radiated power
and the input power, isavery important parameter to consider.
However, because of the fact we are considering a receiving antenna, we may accept
lower efficiency values.
The addition of aresistor is the reason of the efficiency deterioration, but we expect on
the other hand a wider impedance bandwidth.

82



Tuneable DVB-H Antenna in a Small Handheld Device - Tesi in ingegneria delle telecomunicazioni universita di Aalborg -

© Mauro Pelosi - prelevato da www.riccardogalletti.com/appunti_gratis/

ab=(S11)

S Y U U

N RN NN NN TR BN N - UL B
400 430 480 490 520 550 S50 G100 640 GBY0 YOO ¥30750
frequency (MHZ)

Figure 5.59: abs(S11) variation with capacity (tuning).
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Figure 5.60: radiation efficiency variation with lumped capacity.
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With this new antenna configuration, the impedance bandwidth was found slightly wider
than before (fig. 5.59), so that we need to change the capacity value only between 2pF
and 13pF.

As we can see in fig. 5.60, the antenna radiation efficiency decreases as the capacity
grows.

The first value in fig. 5.60 is dightly greater than 1, being equal to 1.01, and the last one
doesn’t follow the same tendency which explanation may be a small numerical error in
the simulation.

The radiation efficiency for the higher capacity values decreases till 0.7, alevel that may
not be acceptable depending to our performance requirements.

Also in this case we show the Smith chart for each tuning step.

second section

Figure 5.61: meandered pifa antenna 3-D view.
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Figure 5.62: Smith charts corresponding to the meandered pifa antenna tuning when it is added a
seriesresistor of 10to model a morerealistic varactor (2pF-5pF).
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Figure 5.63: Smith charts corresponding to the meandered pifa antenna tuning when it is added a
seriesresistor of 10to model a morerealistic varactor (6pF-9pF).
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Figure 5.64: Smith charts corresponding to the meandered pifa antenna tuning when it is added a
seriesresistor of 10to model a morerealistic varactor (10pF-13pF).
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5.6: Top meandered monopole antenna investigations.

Now we begin the study of a new antenna configuration.
In this simulation set we investigate the behaviour of a meandered antenna placed on the
top of ametallic chassis box. We define the following parameters:

Ib [mm]: length of the metal chassis box.

wb [mm]: width of the metal chassis box.

hb [mm]: height of the metal chassis box.

hv [mm]: height of the meander vertical section.

ho [mm]: height of the meander horizontal section.

hgr [mm]: height of the meander over the ground plane.
Iboff [mm]: offset of the meander along Ib.

whboff [mm]: offset of the meander along wb.

nvs: number of meander vertical sections.

nos. number of meander horizontal sections.

twl [mm]: total wire length.

frsim [MHZ]: resonance frequency obtained by simulation.
Q: antenna quality factor obtained by simulation.

lambda [L]: wavelength.

etwl [A] = twl/lambda: electrical total wire length.

emh [A] = (hgr + hv)/ lambda: electrical meander height.

eml [A] = (nos-ho)/lambda: electrical meander length.
e esurf [2%] = (emh-eml): electrical surface.

All the meanders will have quite the same geometrical properties, with the exemption
of the number of horizontal sections “nos’ and the height of the meander vertical
section “hv”.

We try to adapt “nos’ and “hv” in order to have a resonance frequency in the
neighbourhood of 586MHz.

We expect a smaller antenna quality factor as “hv” increases, because the height of
the meander over the metallic chassis box, that acts as ground plane, is higher.
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Figure 5.65: Antenna geometry in the XZ plane.
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Figure 5.66: Antenna geometry in the YZ plane.
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In the following tables we can see the geometric parameters and the results for al the
simulations (1-6):

antenna| Ib[mm] wb [mm] | hb[mm] | hv[mm] | ho[mm] | hgr [mm]
1 70 30 100 40 5 5
2 70 30 100 35 5 5
3 70 30 100 30 5 5
4 70 30 100 25 5 5
5 70 30 100 20 5 5
6 70 30 100 15 5 5
antenna | |boff [mm] | wboff [mm] | nvs | nos| twl [mm]
1 5 10 5 4 230
2 5 10 6 5 245
3 5 10 7 6 250
4 5 10 8 7 245
5 5 10 9 8 230
6 5 10 11 | 10 225
antenna| fr [MHz] Q | lambda[mm] etwl [A]
1 573 17 523.56 0.44
2 560 20 535.71 0.46
3 559 24 536.67 0.47
4 567 27 529.1 0.46
5 589 31 509.34 0.45
6 584 38 513.7 0.44
antenna|  emh [4] eml [1] esurf [ 27
1 0.086 0.048 0.0041
2 0.075 0.056 0.0042
3 0.065 0.065 0.0043
4 0.057 0.076 0.0043
5 0.049 0.088 0.0043
6 0.039 0.107 0.0042

Table5.10: geometric parametersand theresultsfor simulations (1-6).
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antenna quality factor variation with hv

antenna quality factor

height of the meander ertical section "hv' [mm]

Figure 5.67: Antenna quality factor variation with “hv”.

As we can see from fig. 5.67, the antenna quality factor Q decreases as the height of the
meander vertical section “hv” increases, that corresponds to a larger impedance
bandwidth, as expected from theory.

Because of mutual coupling between different meander sections, the effective wire
electrical length is reduced, so the antenna doesn’'t resonate at lambda/4 but near to
lambda/2.

Also the finite ground plane size contributes to this behaviour, because image theory
cannot be applied asin the ideal case.

Unfortunately, we cannot allow the use of one antenna with a large value of “hv”,
because of the fact we have physical volume occupation constraints.

In the next we will try to limit the antenna size as much as possible, in order to dea with
a suitable implementation of our design solutions.
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5.7. Effects of the chassis metal box for meandered monopole antennas.
5.7.1: Introduction.

In this simulation set we investigate a meandered antenna placed on the top of a metallic
chassis box. We want to characterize the meander when it is in free space and when it is
surrounded by the metal chassis.
This distinction addresses to an external or internal antenna configuration respectively.
In fact when the antenna is internal, the space at our disposal is reduced, so the antenna
volume is not only that occupied by the antenna itself, but we have to add a certain
amount of volume to separate the meander from the chassis box because of mutual
coupling. We define the following parameters:

e |b[mm]: length of the metal chassis box.

Ib1 [mm]:length of the upper box element

wb [mm]: width of the metal chassis box.

hb [mm]: height of the metal chassis box.

hbl [mm]: height of the upper box element.

hv [mm]: height of the meander vertical section.

ho [mm]: height of the meander horizontal section.

hgr [mm]: height of the meander over the ground plane.
Iboff [mm]: offset of the meander along Ib.

whboff [mm]: offset of the meander along wb.

nvs. number of meander vertical sections.

nos. number of meander horizontal sections.

twl [mm]: total wire length.

freim [MHZ]: resonance frequency obtained by simulation.
Q: antenna quality factor obtained by simulation.

All the simulated meandered antennas will share the following parameters:

Ib [mm] | wb[mm] | hb[mm] | hv[mm]| ho [mm]| hgr [mm]
70 30 100 35 5 5
Iboff [mm] |wboff [mm nvs nos twl [mm]
5 15 5 4 205

Table5.11: parametersfor the simulated meandered antenna.

5.7.2: Simulation.

We will vary the upper box element length, in order to estimate the coupling between
the meandered antenna and the chassis metal box.

We will start with no upper element, that isIbl = 0, and then we will increase Ibl starting
from the right side of the chassis metal box (fig.5. 68).

When |bl is maximum, we are very close to the meander, and we expect a higher
coupling.
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Figure 5.68: Antenna geometry in the XZ plane.
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Figure5.69: Antenna geometry in the YZ plane.
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Figure5.70: resonance frequency variation with |b1
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Figure5.71: quality factor variation with Ib1
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As we can see from fig. 5.70, the resonance frequency decreases as the upper box
element islarger, that corresponds to a higher coupling effect.

This may be explained by the fact that when the coupling is higher, the antenna looks
electrically longer, that corresponds in a decrease in the resonance frequency.

Fig. 5.71 shows the behaviour of the quality factor, that grows dramatically with Ibl,
corresponding to a smaller relative bandwidth. As before the coupling may affect the
quality factor, that we want to keep small in order to design alarge bandwidth antenna.
This suggests a compromise choice between quality factor and antenna volume, that
accounts also for the free space to be left in order to reduce the effects of coupling.
Looking at fig. 5.71 we choose Ib1l = 4mm, because a smaller length will correspond to a
smaller quality factor gain difference.

5.7.3: Tuning investigations.

Now we investigate the effect of a lumped capacitor placed at the end of the meander,
between the meander and the metal chassis box, when Ib1 = 20mm and when Ib1 = Omm.

The canacitor will varv between 0.1oF and 1oF.
resonance frequency variation with capacity
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Figure 5.72: resonance frequency variation with capacity.

Fig.5.72 shows a linear decrease in the resonance frequency with capacity, in both cases.
This tuning capability is possible by the fact that varying the capacity value we are
modifying the inherent electrical length of the meandered antenna.
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Figure 5.73: quality factor variation with capacity

As we can see from figure 5.73, the quality factor increases to much when we tune the
resonance frequency varying the capacity in the presence of the upper box element.

When the meander is in free space on the top of the chassis (Ib1 = Omm), the quality
factor variation is reduced respect to the case of 1b1 = 4mm.

Also here we have to consider a performance trade-off, but it seems difficult to have a
wide tuning range with small Q values when the meander isinternal.

So we have to address to other antenna configurations, trying in the next to place the
meandered antenna on the top of the chassisin another way.
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5.8: Top meandered monopole antenna design.
5.8.1: Introduction.

Here we present a possible antenna configuration to fulfill the impedance bandwidth
requirements of DVB-H standard in the frequency range 470MHz-702MHz.

We remind here that we defined the impedance bandwidth that frequency range in which
the absolute value of the reflection coefficient S11 is smaller than 0.7 in natural value or
equivalently -3in dB.

We suppose to have at our disposal a varactor that can provide a capacity range at least
between 1pF and 15 pF.

Keeping in mind the investigations carried out before in the report, we suggest a
configuration in which the maximum antenna height over the chassis box is obtained
through a proper meandering.

Because of the fact that the chassis box typically acts as the main radiator, we place the
antenna where the chassis is longer respect to other dimensions.

The antenna is thought to be internal, which means that all the remaining volume not
occupied by the antenna itself needs to remain empty, in order to avoid undesired
capacitive coupling effect that would decrease the antenna performances.

Various configuration were tried, but if we go below certain values of antenna height
over the chassis box (that acts as ground plane), we are no more able to satisfy the DVB-
H specified requirements.

This height will be 20mm, with atotal antenna volume of:

70mmx 20mmx 20mm= 28cn?

We define the following parameters:

[b [mm]: length of the metal chassis box.

wb [mm]: width of the metal chassis box.

hb [mm]: length of the metal chassis box.

los [mm]: length of meander horizontal section.
Ivs [mm]: length of meander vertical section.

hme [mm]: height of the meander over the chassis.
off1 [mm]: y-oriented feed offset.

off2 [mm]: x-oriented feed offset.

5.8.2: Simulation.

We will place a varactor between two sections of the meandered antenna, as we can see
infig.1, so that we can vary the electrical length of the antenna.

We simulate this varactor with the introduction of a lumped element in the FDTD
agorithm, that will act as a variable capacitor ranging from 1pF to 15pF.
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Figure 5.74: meandered antennain the XY plane.
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Figure 5.75: meandered antennain the XZ plane.
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Ib [mm] wb [mm] hb [mm] | hme[mm]
70 20 100 20
los[mm] | Ivs[mm] off1Jmm] | off2 [mm]
65 5 5 5

Table5.12: meander ed antenna geometric features.

Now we proceed to show the simulation results.

As we can see in fig. 5.76, the resonance frequency decreases as the capacity increases,
because of the fact that the antenna appears electrically longer.

Fig. 5.77 shows that the antenna quality factor experiences a saturation as the capacity
grows, confirmed by the correspondent behaviour of the impedance bandwidth in
fig.5.79.

resonance frequency variation with capacity

B30 .

I I
O S Sy SRR .

i
B - - -
i i

B20 [----

' ' '
] ] ]
' ' '
' ' '
(S S () e e o] P s SYSpEp
] ] ]
] ] ]
' ' '
] ! '

00 |-\

SR oo

[ S Dt -t R e R L Er LR TP S R,
'

resonance frequency [MHz]

L T RIT S

RN U ——
'
'
|
a
'
|
'
|
&
'
|
'
|
1
'
'
|
'
3
|
'
'
4
|
|
'
'
4
|
'
|
'
a
|
'
'
|
A
|
'
'
|
=
'
|
'
|
&
'
'
|
|
I
'
'
1
|

520 f----

[ [ —
e EEEECE S

—_
|
[T S H .
M f—---

o

-] -

oo

e}

a00
0

lumped capacity [pF]

Figure 5.76: resonance frequency variation with capacity.
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Figure5.77: quality factor variation with capacity.
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Figure 5.78: impedance bandwidth variation with capacity.
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Finally we show the behaviour of the reflection coefficient S11 that allows the tuning

over the desired frequency range.
As we can see in fig. 5.79, the tuneability is verified, with a correspondent relative

impedance bandwidth of more than 40%.
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Figure5.79: abs(S11) variation with capacity (tuning).

In the following we show the Smith chart for each tuning step, that reveals the limits of
our implementation, because of the need of a better impedance matching.
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Figure 5.80: Smith charts corresponding to the top meandered monopole antenna with lumped
capacity (1pF-4pF).
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Figure 5.81: Smith charts corresponding to the top meandered monopole antenna with lumped
capacity (5pF-8pF).
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Figure 5.82: Smith charts corresponding to the top meandered monopole antenna with lumped
capacity (9pF-12pF).
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Figure 5.83: Smith chart corresponding to the top meandered monopole antenna with lumped
capacity (13pF-15pF).
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5.8.3: Effects of antenna volume reduction.

Now we modify slightly the antenna geometry, changing only the parater “hme”, that is
the height of the meandered antenna over the chassis box.
So we choose hme = 10mm reducing the antenna volume to 14cn’.
We expect worst performances respect to before, where hme was equal to 20mm.
abs(S11) variation with capacity (tuning)
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Figure 5.84: abs(S11) variation with capacity (tuning).

Aswe can see from fig. 6.84, we cannot satisfy our requirements.

In fact we defined the impedance bandwidth that frequency range in which the absolute
value of the reflection coefficient S11 is smaller than -3 dB, but here we loose other 1.5
dB. Too much power is reflected back and then wasted.

If we want a better design solution for a smaller antenna, we have to change perspective,
introducing for example a switched antenna, which input impedance can be matched
progressively in different sub-bandwidths; in the next section we provide one example.
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5.9: Top meandered switched monopole antenna.

5.9.1: Introduction.

Now we modify the meandered antenna studied before in section 5.8, reducing the height
of the meander over the chassis (hme) to 10mm, and using only two sections for the
meandering, as we can seein fig. 5.85.

In fact we are no more using lumped elements, but we will use several matching circuit to
cover our bandwidth of interest (470MHz-702MHz).

This can be done with RF-switches, that select each time the needed matching circuit.

We will use ssimple L-section matching circuits (App. B), in order to reduce at minimum
the number of reactive components to use. However, thisis an ideal case, because of the
fact we need to include the resistive parasitic losses in al the reactive el ements we use.
Moreover we know that also the switches include losses, so that we should understand
the advantages and the drawbacks of this choice.

Y

L

chassis
meandered antenna
Wil
- ofi2_, Ih"s
&
feed
A los .
Il
Figure 5.85: meandered monopole antenna view in the XY plane.
Ib [mm] wb [mm] hb [mm] hme [mm]
70 20 100 10
los [mm] Ivs[mm] off 1[mm] off2 [mm]
65 5 5 5

Tableb.13: geometric parameter s of the simulated antenna.
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5.9.2: Simulation.

As we can see from fig. 5.86, we need seven matching circuits to cover the whole
bandwidth of interest, so that in each sub-bandwidth the antennais matched to 5002 .

In the next we show the Smith chart relative to each single matching circuit.

However, thisis possible at the expense of both complexity and losses in our design.
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Figure 5.86: abs(S11) for different matching circuits (m.c.1-m.c.7).

matching circuit (m.c.) mcl| mc2 | mec3 | mcd | me5| mc6| m.c7
Z1: capacity [pF] 20.71] 196 18.71 | 1751 | 1621 | 1487 | 1349
Z2: inductance [nH] 35.34| 2813 | 2184 16.1 10.9 5.85 1.16

Table5.14: values of thereactive elementsin the matching cir cuits 1-7.

£ z|1 Z;

Figure 5.87: matching circuit topology.
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Figure5.88: Smith chartsfor matching circuits 1-4.
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Figure5.89: Smith chartsfor matching circuits 5-7.
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5.9.3: Optimum impedance matching.

Because of the fact that with the L-sections we have a perfect match only at a single
frequency, we tried to find a compromise between impedance bandwidth and the
absolute value of the reflection coefficient S11 in each sub-bandwidth.
We did this keeping the same matching network topology, made up by two reactive
elements as before (fig.5.87).
Thanksto a proper sweep of the values of these reactive elements, we found an optimum,
that corresponds to the highest impedance bandwidth possible keeping S11 less than 0.7.
As we can see from fig. 5.90, now we need only five matching circuits, that makes easier
the design because of the reduced number of componentsimplied.
Even if the wide bandwidth matching theory would suggest the use of more reactive
elements for each single matching circuit, thisis the best solution we found with only two
reactive components.

abs(=11) for different matching circuits
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Figure 5.90: abs(S11) for different matching circuits (m.c.1a-m.c.5a).

matching circuit (m.c.) | m.c. la| m.c.2a | m.c.3a| m.c4a| m.c.5a
Z1: capacity [pF] 10.14 | 1048 8.78 8.47 7.51
Z2: inductance [nH] 36.73 | 2577 | 17.72 9.96 3.22
Table5.15: values of thereactive elementsin the matching circuits 1a-5a.
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Figure 5.91: Smith chartsfor matching circuits 1a-5a.
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5.9.4: Simulations and impedance matching with a smaller volume antenna.

In the next we show the limit of this approach, considering the same antenna as before
but changing only the height “hme” from 10mm to 5mm.

Now we expect a narrower bandwidth in each sub-bandwidth, so that we will need more
matching circuits to cover our frequency range (470MHz-702MHz).

As we can seein fig.5.92, now we need 24 matching circuits, and this number seems to

be too high.
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Figure 5.92: abs(S11) for different matching circuits (m.c.1b-m.c.24b).

matching circuit (m.c.) m.c. 1b | m.c.2b m.c.3b m.c.4b m.c.5b m.c.6b
Z1: capacity [pF] 39.39 39.11 38.47 37.74 374 36.46
Z2: inductance [nH] 16.55 14.73 13.06 11.43 9.89 8.42
matching circuit (m.c.) m.c.7b m.c.8b m.c.9b | m.c.10b| m.c.11lb] m.c.12b
Z1: capacity [pF] 36.19 35.26 34.85 34.09 33.46 32.87
Z2: inductance [nH] 6.99 5.63 4.3 3.04 1.8 0.59
matching circuit (m.c.) m.c. 13b| m.c.14b | m.c.15b | m.c.16b| m.c.17b| m.c.18b
Z1: capacity [pF] 32.08 31.57 30.77 30.15 29.55 28.64
Z2: capacity [nF] 0.58 1.75 2.86 3.99 5.08 6.18
matching circuit (m.c.) m.c.19b | m.c.20b| m.c.21b| m.c.22b] m.c.23b| m.c.24b
Z1: capacity [pF] 28.41 27.09 27.31 25.59 26.2 24.2
Z2: capacity [nF] 7.29 8.35 9.5 10.55 11.77 12.82

Table5.16: values of thereactive elementsin the matching circuits 1b-2.
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So we tried as before to reduce the number of matching circuits.
We found an optimum configuration in which 15 matching circuits instead of 24 are
needed, even if also this number seemsto be high.

abs(311) for different matching circuits

abs(S11)
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Figure 5.93: abs(S11) for different matching circuits (m.c.1c-m.c.15c).

matching circuit (m.c.) | m.c.lc | m.c.2c | m.c.3c | m.c4c
Z1: capacity [pF] 21.36 | 2211 | 20.3 20.97
Z2: inductance [nF] 17.71 1453 | 1202 | 941

matching circuit (m.c.) | m.c.5c | m.c.6c | m.c.7c | m.c.8c
Z1: capacity [pF] 1982 | 19.01 | 18.81 | 18.03
Z2: inductance [nF] 7.14 4.88 2.73 0.76

matching circuit (m.c.) | m.c.9c | m.c.10c| m.c.11c| m.c.12c

Z1: capacity [pF] 17.8 17.19 16.72 | 16.33
Z2: capacity [nF] 1.18 3.03 4.82 6.56
matchingcircuit (m.c.) | m.c.13c| m.c.14c | m.c.15c

Z1: capacity [pF] 15.71 1541 14.86

Z2: capacity [nF] 8.28 10 1154

Table5.17: values of thereactive elementsin the matching circuits 1c-15b.
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Conclusions

In this Master Thesis, we modified the 2nd generation FDTD program created by the
Center for Person Kommunikation (CPK) at Aaborg University, in order to include
lumped components in our simulations (App. A, C). It was then possible to simulate
resistors, capacitors and inductors.

We found a fair agreement between our lumped components modellization and the
commercia software CST Microwave Studio (5.4, 5.5).

We derived simple tendencies for al the antennas we simul ated.

The antenna quality factor of a PIFA is more sensitive to the height of the top plate over
the ground plane, even if aso the ratio between the top plate dimensions has to be
considered (5.2).

Even if the quality factor dramatically decreases as this height increases, we always need
to make the antenna as small as possible, so that alarge height is not acceptable.

The ground plane size is very important when we want characterize the behaviour of one
antenna. In fact we found that the antenna input impedance starts to converge only when
the ground plane size is comparable with one wavelength (5.3).

We derived similar tendencies for the antenna quality factor and for the resonance
frequency.

However every time we need to establish a proper trade-off between accuracy of results
and computational resources.

In order to simulate more realistic antennas, we replaced the ground plane with a metal
chassis box, which approximate dimensions are dictated by our reference handheld
device (5.4).

To gain more impedance bandwidth, we addressed our attention on tuneable antennas.
The first configuration we studied was not so promising, in fact when we simulate a
varactor between the pifa top plate and the metal chassis box that acts as the ground
plane, we are not able to satisfy our requirements (5.4).

In fact in this case we were not able to cover al our bandwidth of interest with an
acceptable mismatch loss.

Then we introduced a new antenna structure: the meandered pifa antenna (5.5).

This antenna is made up by two meandered plates properly connected by a varactor, and
varying progressively its capacity value, we are able to have a full tuning over our band
of interest (470MHz, 702MHz), with a mismatch loss criterium of -3dB.

When we include a series resistor to model the varactor, we experience a lower radiation
efficiency, even if we need a smaller varactor tuning range thanks to a wider impedance
bandwidth.

Because of the need of smaler volume antennas, we changed antenna geometry
introducing the meandered monopol e antenna (5.6, 5.7).

We found that when we increase the number of the meandering sections, the capacitive
coupling between the subsequent sections makes the antenna el ectrically shorter.

We tried different configurations, and the most promising was the tuneable meandered
monopole, that allowed us to satisfy our requirements with a reduced varactor tuning
range (5.8).
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However the height of the meandering over the chassis metal box was till to high, so that
we tried to provide more compact solutions.

In the last investigations we introduced a switched meandered monopole antenna, that
thanks to several matching circuits provided a satisfactory impedance bandwidth in a
limited volume (5.9).

We conclude that each solution we found has his advantages and drawbacks, and that
only a combined tuneable-switchable antenna would dramatically decrease the antenna
volume, at the expense of both antenna complexity and losses increase.

Future work

One of the missing parts in this report is the measurement test, that would lead to a
deeper understanding of the the simulated antenna design solutions.

In fact the lumped components we included in our simulations, can only give an overall
idea of the real behaviour of components like varactors or switches once they are
manufactured in real antennas.

More study is needed to reduce further the antenna volume, trying to find hybrid
solutions such as a combined tuneable-switchable antenna.
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APPENDIX A: FDTD lumped components documentation.

A.1l: Documentation.

Here we show the modifications that have been made to the FDTD program developed at
Aalborg University to include lumped components.

We found the theoretical background for this implementation mainly in Taflove [A.1],
and we modified properly the FDTD algorithm developed at Aalborg University in
Fortan77.

We decided to model capacitors, resistors and inductors, even if in some commercial
software we can find also more complicate components such as diodes, MOSFET and so
on.

However in those implementation, the FDTD package includes a direct link to programs
such PSPICE, that make easier to model in the FDTD code very complicated structures.
We thought to have the capability to directly include the definition of the lumped
components in the “filename.adf” file, in order to be consistent with the first will of the
algorithm designer to give to the final user a user-friendly way to set up a simulation in
short time.

The main ideais to specify in the lowest number of parameters the characteristics of the
lumped components we want to include in the FDTD algorithm.

First of al we have to specify where this lumped component has to be placed in the
FDTD lattice.

In order to do this we choose three spatial coordinates that will specify the single FDTD
cell, respectively in the x, y and z direction.

The next step is to specify the orientation of this component, that is its alignment
respectively with the x, y or z axis.

Now we specify the type of the component and after its impedance value, that will be set
automatically depending on the type specified respectively in Farads, Ohms or Henries.
We can have in the algorithm as much lumped components we want, depending on our
needs.

The lumped components definition is organized in arrays, so that the user has more
control to the whole implementation.

The first thing to do when we set up the simulation is to define the proper values in the
file “static.h”, where takes place the static alocation of al the arrays the algorithm needs.
In our case we will simply add information about the max number of lumped components
we want to use in our simulation.
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Now we show more details of this implementation:

e |lum:itisabinary variableto enable or disable the lumped components:
1. lum = 1: the lumped component algorithm is enabled.
2. lum = 0: the lumped component algorithm is disabled.

e lumax: it is the max number of lumped components used in the simulation, and it
has to be specified in the file “static.h” for the allocation of the corresponding
arrays.

e index: it is a dummy index to describe the elements of the lumped components
arrays.

e |umx(index) for index = 1, 2, 3, . . ., lumax is the x location of the cell
corresponding to the(i ndex)th lumped component.

e |umy(index) for index = 1, 2, 3, . . . , lumax is the y location of the cell
corresponding to the (i ndex)th lumped component.

e lumz(index) for index = 1, 2, 3, . . ., lumax is the z location of the cell
corresponding to the (i ndex)th lumped component.

e |umdir(index) for index = 1, 2, 3, . . ., lumax is the orientation of the cell
corresponding to the (i ndex)th lumped component:

1. lumdir(index) = -1 set the (index)th lumped component oriented along the

X axis.

2. lumdir(index) = O set the (index)th lumped component oriented along the
y axis.

3. lumdir(index) = 1 set the (index)th lumped component oriented along the z
axis.
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e lumtype(index) for index = 1, 2, 3, . . ., lumax is the type of the(index)thlumped
component:
1. lumtype(index) = 1 set the (index)th lumped component as a capacitor.

2. lumtype(index) = 2 set the (i ndex)th lumped component as aresistor.

3. lumtype(index) = 3 set the (index)th lumped component as an inductor.

e |umimped(index) for index =1, 2, 3, . . ., lumax define the value of the impedance
of the(index)thlumped component: this value will be automatically set as a

capacity [F], resistance [Ohm], or inductance [H] depending on the type of
component in that specific lattice location.

In order to make working this lumped components algorithm, we had to modify the
following files:

statich.h
define.h
define.f
filename.adf
writepar.f
parameters.h
maxwell.h
maxwell.f

ONOU A~ WD



Tuneable DVB-H Antenna in a Small Handheld Device - Tesi in ingegneria delle telecomunicazioni universita di Aalborg -

© Mauro Pelosi - prelevato da www.riccardogalletti.com/appunti_gratis/

A.2: Example.

All the previous statements summarize simply in the following example.
Supposing we want to place a lumped capacitor of 1pF in the FDTD location

cdl 10,15, 20) oriented along the z axis, alumped resistor of 50.7 Ohm in the FDTD
location cell, ,,(18,23,35) oriented along the y axis, and finally a lumped inductor of

2315 nH in the FDTD location cell, ,,(11,22,32) oriented along the x axis, we simply
do the following:

wyee

1. First we set in the “static.h” file lumax = 3, because of the fact we have a total
number of three lumped components.

2. Now we define in the “filename.adf “ the following parameters:
lum =1

lumx(1) =10
lumy(1) =15
lumz(1) =20
lumdir(1) =1
lumtype(1) =1
lumimped(1) = 1e-12

lumx(2) =18
lumy(2) = 23
lumz(2) = 35
lumdir(2) = 1
lumtype(2) = 2
lumimped(2) = 50.7

lumx(3) =11

lumy(3) = 22

lumz(3) = 32

lumdir(3) =-1
lumtype(3) =3
[umimped(3) = 231.5e-9

3. Now we can continue the simulation set up as usual.
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Appendix B: Impedance matching theory.
B.1: Impedance matching.

When the impedance of the antenna Z, is different from the characteristic impedance of
the feeding network Z,, part of the voltage will be reflected from the antenna,

corresponding to aloss of the power delivered to the antenna [B.1].
We can calculate the reflection coefficient as [B.2]:

= ZL — Zo
VAR A

When the antenna.is perfectly matched to the feeding transmission line, no reflection will
occur, so the I" will be zero.

We don’'t desiderate a high reflection coefficient, because this corresponds in a waste of
power in both cases of transmitting and receiving antenna.

However we have to accept a small mismatch to achieve good antenna performances, in
order to have afair matching on the whole band of operation of the antenna.

When we deal with transmission lines, we know that in the general case in each section
there are two waves propagating in opposite directions, that create the so called standing
wave pattern. So there will be a correspondent voltage at each point of the transmission
line, result of the sum of the aforementioned two waves.

If we define aratio between the maximum and the minimum value of this sum, we obtain
the so called voltage standing waveratio ( VSWR) [B.3]:

(B.1)

1+
1|
There are alternative ways to define a mismatching metric, such as the reflection loss
(L, ), thet in other words is the power loss due to reflection [4]:

VAR = (B.2)

L, =10-log——— (B.3)

1-Ir]

Thereturn loss (L,,) is useful to describe the ratio the propagated and reflected power:
Lo, =10- Iogi2 (B.4)
Tl
The impedance bandwidth of one antenna stands for that frequency band over which a
defined criterion can be fulfilled [B.1].
Typically the impedance bandwidth is defined in term of the absolute value of I", so for
example the relation |[|= 6 dB means that this criterium has to be maintained over the

whole band of interests.
The previous relation corresponds equivalently toa L, ., = 6dB or VSWR< 3.01.
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B.2: L-section impedance matching.

A very simple matching network is the L-section, made up by two reactive components,

that can match an arbitrary load impedance to atransmission line.

These two elements are inductors or capacitors.

This topology is mainly attractive for its simplicity, because of the need of matching

circuits with a limited number of elements, that introduce both parasitic resistive losses

and manufacturing complexity.

There are two possible configurations for this matching network, depending on the value

of the load impedance.

If we cal with R, the resistive part of the load impedance Z, , and with Z the
characteristic impedance of the transmission line, we have the following analytic
solutions:

1. R >Z,
The impedance seen looking into the network made up by the cascade of the
matching circuit and the load impedance must be equal toZ,, (fig. B.1):

Z,= X+ i (B.5)

1
PYR+ix)

Solving the previous equation separating real and imaginary parts we have [B.4]:

xLi\/Z-(RﬁJr Xi-ZR)

B= X (B.6)
ol X% % -
B R BR

Two physically realizable solutions are then possible

if X ispositive we have an inductor.
if X is negative we have a capacitor.
If B is positive we have a capacitor.

If B is negative we have a capacitor.

VI
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FigureB.1: Matching network for case 1.

2. R <Z
The impedance seen looking into the network made up by the cascade of the
matching circuit and the load impedance must be equal toZ,, (fig. B.2):

1
Z, - - (B.8)
B+ -
R +j(X+ X))

Solving the previous equation separating real and imaginary parts we have [B.4]:

X=£JR(Z-R)- X, (B.9)

B:J_ri @ (B.10)
Z R

Four physically realizable solutions are then possible.

if X is positive we have an inductor.
if X is negative we have a capacitor.
If B is positive we have a capacitor.
If B is negative we have a capacitor.

z, B Z,
|

Figure B.2: Matching network for case 2.

VIl
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Appendix C: Fotran77 code for the lumped
components modelling in the FDTD Algorithm
developed at Aalborg University.

C.1: static.h

* -*-fortran-* -~~~~~~~~
* DEFINITION OF GLOBAL PARAMETERS

*

* mats : Maximum number of materialsinclusive basic media. Note,

* that mats >= 1!

* maxant : Maximum number of unit cell of media different from basic.
* maxze : Maximum number of E-field components that are zeroed.

* mnotdp : Maximum number of time domain points output.

* mnos : Maximum number of sources.

* mnoi  : Maximum number of impedance points

* mnonfb : Maximum number of near field boxes
*

integer mats,maxant,maxze, mnotdp,mnos,mnoi,mnonfb,mnotw,lumax

parameter ( mats=3, maxant=300000,maxze=20000,mnotdp=8,mnos=1,
- mnoi=1, mnonfb=3,mnotw=1,lumax=3)

VIl
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C.2: defineh

* *-fortran-*-
kkhkhkkkkhhkkkhkhkkhkkhhkkhkkhhkkkhkhhkhkkhhkhkhkhhkkhkkhhkhkhkhhkkhkhhkkhkhhkkhkkhhkhkkhkhhkhkhhkhkkhkhkkhkhkkk,kkkk,kkkk,*x%x
* define.h * 2nd Generation FDTD Program *

* Containstype declarationsfor  * Aaborg University, CPK ~ *

* main define and ADF. * Compiled by kvs 01-96 *

ERR R R R e R e R R R e e b e R b R R R R R e e R R R R e e e e

* local
integer |

*

* DEFINITION OF GLOBAL PARAMETERS

*

*pioopi
* d2r : degree->radian conversion

*r2d :radian->degree conversion
*

real pi,r2d,d2r

parameter (pi=3.14159265, d2r=pi/180.0, r2d=180.0/pi)

*

* OTHER SYMBOLIC CONSTANTS AND TYPE DECLARATIONS

*

* xdir,ydir,zdir are used when building the FDTD space.

integer xdir,ydir,zdir
parameter (xdir=-1,ydir=0,zdir=1)

*

* TYPE DECLARATION OF VARIABLES USED IN ASCII DEFINITION FILE
(ADF)
* al variables are explained in the ADF.

*
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* PARAMETERS FOR SIMULATION IDENTIFICATION

*

character* 60 titel
character* 12 fname
parameter(fname ='indata)
integer sid

* PARAMETERS FOR SIMULATION OUTPUTS AND CONTROLS

*

character*24 ouitfilel,outfile2,outfile3,outfile4,

- outfile5,outfileb,outfile7,outfile8,outfil €9,

- lodfil,infile

character* 12 template

logical timedo,eqcur,fraeqcur,nefi farfi,fsamp,patch,imped,
- inputpow,rpow,h_source,e_source

* PARAMETERS FOR FUNDAMENTAL FDTD SETTINGS

*

integer x0,y0,z0
integer |b,hb,wb,hsc,wsc,L 1p,L 2p,soff
integer ibx,iby,ibz,Ibx,lby,Ibz,mg

integer maxx,maxy,maxz
real resol

* PARAMETERS FOR GENERATING THE ADF FILE

*

integer 11,12,13,14,15

* PARAMETERS FOR ELECTRICAL FIELD SOURCE

*

logical impuls
integer anos, timoff, nmax
real freq,sigmaf
integer xs(Mnos),ys(mnos),zs(mnos),
- ngpx(mMnos),nspy(Mnos),nspz(mnos),
- apts(mnos)
real tau,spread
real ssd(mnos),phoff(mnos)
* PARAMETERS FOR IMPEDANCE
integer ximp(mnoi),yimp(mnoi),zimp(mnoi),nipx(mnoi),
- nipy(mnoi),nipz(mnoi),dioi (mnoi),anoi
integer fsteps,imloop
real BW
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logical mutadm
* PARAMETERS FOR NEARFIELD AND FARFIELD

*

integer minbx,minby,minbz,maxbx,maxby,maxbz

integer nearbegx(mnonfb),nearbegy(mnonfb),nearbegz(mnonfb)
- ,nearendx(mnonfb),nearendy(mnonfb),nearendz(mnonfb)
integer nfcode,anonfb

real omegal,fregl

* PARAMETERS FOR INPUT POWER SETTINGS

*

integer pinx,piny,pinz,pinextx,pinexty,pinextz

* PARAMETERS FOR THINWIRE

*

integer anotw,thx(mnotw),thy(mnotw),thz(mnotw),thl (mnotw)
- thdir(mnotw)

real thr(mnotw)

logical thw

* PARAMETERS FOR TIME DOMAIN FIELDS AND STEADY STATE TEST-
POINT
*

integer xtp,ytp,ztp

integer anotdp

integer xtim(mnotdp),ytim(mnotdp),ztim(mnotdp),fcomp(mnotdp)
real criterion

* PARAMETERS FOR NF2FF-TRANSFORMATION

*

integer noang
real alfa,beta,alfas,betas,thstart,thstop,deltath,del taphi

* PARAMETERS FOR PATCH-CURRENT

*

integer ixpl,ixp2,iypl,iyp2,izp2
real epsint,sigint

* PARAMETERS FOR MATERIALS

*

integer matno
real epsi(mats),my(mats),sigma(mats)

Xl
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* PARAMETERS FOR GENERATING AUTOCAD SCRIPT-FILE

*

logical acad
* SPACE SETTINGS

real deltax,deltay,deltaz,deltat

*

* VARIABLES FOR MATERIAL LOCATIONS

*

* matant = Number of unit cells with material specified by index
* X,y,z = Coordiantes of unit cells with mateiral specified by

* 'mats index.

*

integer matant(mats),x(maxant,mats),

- y(maxant,mats), z(maxant,mats),

- 2xx(maxze), zxy(maxze), zxz(maxze),
- zyx(maxze), zyy(maxze), zyz(maxze),
- zzx(maxze), zzy(maxze), zzz(maxze)
integer ix,iy,izIx,ly,lz,inx,iny,inz

* PARAMETERS FOR LUMPED ELEMENTS

integer lumx(lumax)
integer lumy(lumax)
integer lumz(lumax)
integer lumdir(lumax)
integer lum

integer lumtype(lumax)

real umimped(lumax)

X1l
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*

* COMPLETELY DUMM VARIABLES!

*

* The following variables are used to "convert" parameters to data

* statements. In the Ascii Definition File, some variables, which are

* supposed to be entered in a common area, are declared as parameters.
* Thus, these varibles must be changed to data statements in order to

* be put in acommon area. Thisis done through the dummies.

*

integer dmaxx, dmaxy, dmaxz
integer dminbx, dminby, dminbz
integer dmaxbx, dmaxby, dmaxbz

* COMMON STATEMENTS
common /subl/ zxx,zxy,zxz,zyX,zyy,zZyz,2zx,2zy ,ZZZ,iX,iy,iZ,
- Ix,ly,lz,inx,iny,inz

common /sub2/ x,y,z,matant

common /lattice/ dmaxx,dmaxy,dmaxz,dmaxbx,dmaxby,dmaxbz,
- dminbx,dminby,dminbz

common /anglepar/ noang,alfa,beta,afas,betas,thstart,thstop,
- deltath,deltaphi
common /source/ anos,xs,ys,zs,nspX,Nspy,nspz,apts,phoff,ssd
common /impedance/ anoi,ximp,yimp,zimp,nipx,nipy,nipz,dioi
common /logicimp/ imped
common /nearfield/ anonfb,nearbegx,nearendx,nearbegy,
- nearendy,nearbegz,nearendz
common /pin_par/ pinx,piny,pinz,pinextx,pinexty,
- pinextz,inputpow
common /acadvar/ acad
common /matnumber/ matno
common /testpoint/ xtp,ytp,ztp
common /tdpoint/ anotdp,xtim,ytim,ztim,fcomp

ERR R Rk R e R R R b i e b R e R b R S R R e i e e e e e R R R e e

* LOCALS

LR R R RS S S LSS S LS LS LSS EE LSS LS LS EETEETEELTEEEEEEEEEEEEEEEE LR R R R SRR RS
integer i,k
integer nozex,nozey,nozez
integer nftotl

X1
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C.3: definef

FI NI TE DI FFERENCE TI ME DQOVAI N
for nunerical calculations of
Maxwel | ' s Equati ons
DEFI NI TI ON DESCRI PTI ON

2nd Generation FDTD program by O e Nerklit,
Gert Frglund Pedersen, and Kasper Vork Steffensen

This is the 2nd generati on FDTD program
devel oped at Aal borg University, at

Center for Personkomuni kation. This
programis a revision and optim zation of

t he FDTD program devel oped by

Sten Naae Hornsleth, Mrten Dangaard,

and Henri k Sinonsen with contributions from
Henri k Kuhl, Jan Elling, Mrten Gentsch,

Jorn Toftgaard, O e Nerklit, Gert F Pedersen,
and Kasper V Steffensen.

Aal borg University, Center for Personkonmuni kation
Denmark, fall 1995

Aut hor: kvs, 11-95

F % ok ok ok 3k 3k ok Xk X X kX F X X X X X X X X F F
% ok ok 3k ok kX X X X X X X X X X X X X X X F

EEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEREREESEEREEEESEEEEEEEREEEEESEEEEEEESEEES

* Generates an binary definition * 2nd Generation FDTD Program *
* file (BDF) and optionally an * Aal borg University, CPK *
* Autocad 12 script file. * Conpiled by kvs 01-96 *

LR R R R R R R R R R R R R R R R R R R

program defi ne
inmplicit none

include 'static.h'
i ncl ude ' define.h'

* | NCLUDE ASCI| DEFI NI TION FI LE ( ADF)
include 'filenane.adf’

* EVALUATI ON OF ADF DATA
i f(acad) then
cl ose(2, status='keep')
end if

onegal=freql*2*pi I' NF Fourier Transform Frequency

i f(inpuls) then

spr ead=2*pi *si gmaf I Angul ar spread
tau=real (tinoff)/spread ! Tine offset
el se
BW£O I If sine, BWO and fsteps=1

X1V
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fsteps=1
end if

if(imoop.lt.0) im oop=0

del tax=(1/sqgrt(epsi(1)*my(1)))/(resol *freq)
deltay=(1/sqgrt(epsi(1)*my(1)))/(resol *freq)
deltaz=(1/sqrt(epsi (1)*my(1)))/(resol *freq)
del tat=del tax/ (2*(1/sqgrt(epsi(1)*my(l))))

print*, ' Frequency =',freq

print*,'resolution ="', ,reso

print*,'Delta X = ', del tax

print*,"Delta T = ',deltat

al fa=al fa*d2r ! Converting degress to radians
bet a=bet a*d2r I for NF2FF cal cul ati ons.

al fas=al fas*d2r I rettet 25-09-96 gfp

bet as=bet as*d2r
thstart=thstart*d2r

t hst op=t hst op*d2r

del t at h=del t at h*d2r
del t aphi =del t aphi *d2r

do 300 i=1, anos
phof f (i) =phoff(i)*d2r
300 continue

j =12
do 400 i=1, 12
if(tenplate(i:i).eq." ') then
if(i.lt.j) j=i
end if
400 continue

Ti medomain fields
Equi val ent current
READ Eqcur-file

outfilel=tenplate(:j-1)//"'.Ti medomn
outfile2=tenplate(:j-1)//".Eqcur'
infile =template(:j-1)//'.EqcurlN

|

|

!
outfile3=tenplate(:j-1)//".Nearfi' I Nearfields
outfiled=tenplate(:j-1)//".Farfi' I Farfields
outfileb=tenplate(:j-1)//"'.Fsanp' I farfields
outfileb=tenplate(:j-1)//".Patch' I patch current
outfile7=tenplate(:j-1)//".Inped I | npedance
outfile8=tenplate(:j-1)//'.Pin' I I nput power

|

outfile9=tenplate(:j-1)//"'.Radpow Radi at ed power
logfil = tenplate(:j-1)//".LOGFILE I LOGFI LE

* STARTING TO WRI TE BDF

nozex = inx-1
nozey = iny-1
nozez = inz-1

print*," Nunber of Ex=0 ', nozex
print*,' Nunber of Ey=0 ', nozey
print*,' Nunber of Ez=0 ', nozez

do 500 i=1, matno

XV
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print*," Nunber of cells for material
500 continue

", matant (i)

*xxxxkxxx% OPENI NG Bl NARY DEFI NI TI ON FI LE (BDF) %% %% %% %% kkkx
kkhkkhkhkkkkhkkhkkhhhhkkhkkhkkhhhhkhkkhkkhkhhhkhkhkkhkhdhhkhkkhkdddhhkhkhddhhdh*dddhkxk*dk,d,hkxx**x*%
open(1, file=fnane, status='new , access='sequential’
- forme' unformatted')

wite(l, err=8000)sid
wite(l,err=8000)titel
wite(1, err=8000)I ogfil

* WRI TES SPECI FI CATI ONS AND SPECI AL PARAMETERS FOR S| MULATI ON
write(l, err=8000)i nmpul s
write(1, err=8000)eqcur
wite(l,err=8000)farfi
write(l, err=8000)fsanp
write(1, err=8000)i nmped
write(1, err=8000)nefi
write(1, err=8000)rpow
wite(1,err=8000)tinedo
write(l, err=8000)i nput pow
write(1, err=8000)patch
write(1, err=8000)h_source
write(l, err=8000)e_source
write(1, err=8000)fraeqcur
write(1, err=8000)thw

* VRl TES PARAMETERS FOR TEST PO NT
write(l, err=8000)xtp
wite(l, err=8000)ytp
write(1, err=8000)ztp

i f(timedo) then
wite(l, err=8000)anotdp
print*,'tdp=",anotdp
do 600 i=1, anotdp
wite(1, err=8000)xtin(i)
wite(l1, err=8000)ytin(i)
wite(1,err=8000)ztin(i)
write(l, err=8000)fconp(i)
600 conti nue
wite(l,err=8000)outfilel
end if

i f(eqgcur) then
wite(l,err=8000)outfile2
wite(l1,err=8000)infile

end if

if(nefi) then
wite(l,err=8000)outfile3
write(1, err=8000)nfcode
write(1, err=8000)onegal
write(l, err=8000)anonfb
do 650 i =1, anonfb
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write(l, err=8000)nearbegx(i)
write(l, err=8000)nearendx(i)
write(l, err=8000) nearbegy(i)
write(l, err=8000)nearendy(i)
write(l, err=8000)nearbegz(i)
wite(l, err=8000)nearendz(i)
650 conti nue
end if

if(farfi)then
write(1, err=8000)noang
wite(1,err=8000)alfa
write(1, err=8000)beta
wite(1,err=8000)outfiled

end if

i f(fsanp)then
wite(1, err=8000)alfas
write(1, err=8000)betas
wite(l,err=8000)thstart
write(1, err=8000)thstop
wite(1,err=8000)deltath
write(1, err=8000)deltaph
wite(l,err=8000)outfile5

end if

i f(patch) then
write(l, err=8000)ixpl
wite(1, err=8000)ixp2
wite(1,err=8000)iypl
wite(1, err=8000)iyp2
wite(1,err=8000)izp2
write(1, err=8000)epsint
write(1, err=8000)sigint
wite(l,err=8000)outfile6

end if

if (inped) then
wite(l,err=8000)outfile?
write(1, err=8000)im oop

end if

i f (inputpow) then
wite(l,err=8000)outfile8
write(1, err=8000) pi nx
write(1, err=8000)piny
write(1,err=8000)pinz
write(1, err=8000)pi nextx
write(1, err=8000) pi nexty
write(1, err=8000) pi nextz

end if

i f(thw) then

write(1, err=8000)anotw

do 670 i=1, anotw
wite(1,err=8000)thx(i)
wite(l,err=8000)thy(i)
wite(l,err=8000)thz(i)
wite(1,err=8000)thdir(i)
wite(l,err=8000)thl (i)
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write(1, err=8000)thr(i)
670 conti nue
end if

if (rpow) wite(l, err=8000)outfile9

write(l, err=8000)criterion
* WRI TES PARAMETERS FOR 3 DI MENSI ONS

write(1, err=8000) maxx
write(1, err=8000) maxy
write(l, err=8000)maxz
write(l, err=8000) maxbx
write(l, err=8000) maxby
write(l, err=8000)maxbz
wite(l, err=8000) m nbx
write(1, err=8000)m nby
write(1, err=8000)mn nbz
write(l, err=8000)deltax
write(l, err=8000)deltay
wite(l, err=8000)deltaz
write(l, err=8000)deltat
write(1, err=8000)freq
write(1, err=8000) nmax
write(1, err=8000) mat no

* WRI TES PARAMETERS FOR SOURCE LOCATI ON
write(1, err=8000)anos
do 700 i =1, anos
wite(1, err=8000)xs(i)
wite(l,err=8000)ys(i)
wite(1, err=8000)zs(i)
write(1, err=8000)nspx(i)
write(1, err=8000)nspy(i)
wite(1, err=8000)nspz(i)
wite(1, err=8000)apts(i)
write(1, err=8000)ssd(i)
write(1, err=8000)phoff(i)
700 continue
* WRI TES PARAMETERS FOR SOURCE S| GNAL
wite(l, err=8000)tau
wite(l, err=8000)spread

* WRI TES PARAMETERS FOR | MPEDANCE PO NTS

wite(l, err=8000)anoi

do 800 i =1, anoi
write(l, err=8000)xinmp(i)
wite(1, err=8000)yinp(i)
write(1, err=8000)zinp(i)
write(1, err=8000)nipx(i)
wite(1, err=8000)nipy(i)
wite(1, err=8000)nipz(i)
wite(1, err=8000)dioi(i)

800 continue
write(l, err=8000) nmutadm
write(1, err=8000)BW
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wite(l, err=8000)fsteps

* WRI TES MATERI AL CONSTANTS FOR OTHER MATERI ALS. Note that epsi(1),
* my(l), and sigma(l) is basic material!

do 1000 i = 1, matno
write(1, err=8000)epsi (i)
write(1, err=8000)ny(i)
wite(1, err=8000)sigma(i)
1000 conti nue

* WRI TES PCSI TI ONS FOR OTHER MATERI ALS
do 2000 i = 2, matno

wite(1, err=8000)matant (i)

do 2000 k = 1, matant (i)
wite(l, err=8000)x(k,i)
wite(l,err=8000)y(k,i)
write(l,err=8000)z(k,i)

2000 conti nue

* WRI TES WHERE Ex IS SET TO ZERO
write(1, err=8000)nozex
do 3000 i = 1, nozex
wite(1, err=8000)zxx(i)
wite(1, err=8000)zxy(i)
write(1, err=8000)zxz(i)
3000 conti nue

* WRI TES WHERE Ey IS SET TO ZERO
write(1, err=8000)nozey
do 4000 j = 1, nozey
wite(1,err=8000)zyx(j)
wite(1,err=8000)zyy(j)
wite(1, err=8000)zyz(j)
4000 conti nue

* WRI TES WHERE Ez IS SET TO ZERO

write(l, err=8000)nozez

do 5000 k = 1, nozez
wite(1, err=8000)zzx(k)
wite(1, err=8000)zzy(k)
wite(1, err=8000)zzz(k)

5000 conti nue
write(1,err=8000)int(707)
close(1l, status='keep')

* Finds maxi mum |l ength of nearfield vector.
nftotl =0
do 6000 i=1, anonfb
nftotl=nftotl +( (nearendx(i)-nearbegx(i)+1)*
- (nearendy(i)-nearbegy(i)+1)*(nearendz(i)-nearbegz(i)+1))
6000 conti nue

* PREPARE THIN W RE SETTI NGS
| =0

XIX
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if(thw) then
do 6100 i =1, anotw
if(thl(i).gt.l) I=thl(i)
6100 conti nue
el se
anot w=1
| =1
end if

LR R R RS EEEEE RS EEEEEEEEEREEEEREEREEREEEEREEEESEESEEREEE]

* Witing paraneters.h for the FDID conpilation *
R R R I I R I R S S R I I I I R R I I S I
call witepar(sid, maxx, maxy, maxz, mat no, noang, anonf b,
- nftotl, fsteps, anos,
- anoi , anot dp, nozex, nozey, nozez, pi next x+1,
- pi next y+1, pi next z+1, anotw, |,
- | unx, luny, luneg, lundi r, | umt ype, | um | umax, | um nped)

got o 9000

8000 close(1l, status='delete')
print*,"**** FRROR WHILE WRITING - NO FILE | S SAVED ****'

9000 stop
end

BLOCK DATA vari ni

IR R R R R R R E R RS R R R R R R R R R R R R R R R RS EEREEEEEEEREEREEEEESEESESES

* I NI TI ALI ZATI ON OF VARI ABLES FOR ZERO E- FI ELD AND MATERI ALS *

R R R R R R R R R R R R R R L R SRR R R R R R R R R EEEEEEEEREREEEREEEEESESESEE]

include 'static.h'

i nteger dummy(2)

integer ix,iy,iz,Ix,ly,lz,inx,iny,inz
i nteger tenp
par anet er (t enp=nmaxant *mat s)
i nt eger mat ant (mats), x(maxant, mats), y(maxant, mats),
- z(maxant, mat s),
- zxx(maxze), zxy(maxze), zxz(maxze),
- zyx(maxze), zyy(maxze), zyz(nmaxze),
- zzx(maxze), zzy(maxze), zzz(maxze)

conmon /subl/ zxx, zxy, zxz, zyX, zyy, Z2yz, 2zX, 22y, 22Z,i X, iy, i z,
- Ix,ly,lz,inx,iny,inz

conmon /sub2/ x,y,z, mtant
* | NI TI ALl ZATI ON OF VARI ABLES FOR ZERO E- FlI ELD SPECI FI CATI ON
data zxx /maxze*0/,
- zxy | maxze*0/,
- zxz [ maxze*0/

data zyx /maxze*0/,

XX
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- zyy [ maxze*0/,
- zyz | maxze*0/

data zzx /maxze*0/,
- zzy | maxze*0/,
- zzz | maxze*0/

data ix,iy,iz /1,1,1/
data Ix,ly,lz /0,0,0/
data inx,iny,inz /1,1,1/

data x /tenp*0/,
- y [tenmp*0/,
- z [tenp*0/,
- mat ant / mat s*0/

data dummy /mot dp, mos/
end

XXI
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C.4filename.adf

-*-fortran-*-

FI NI TE DI FFERENCE TI ME DOVAI N
for nunerical cal cul ations of
Maxwel | ' s Equati ons

* Ok F X X

Gert Frglund Pedersen, and Kasper Vork Steffensen

Aal borg University, Center for Personkonmuni kation

*
*
*
*
* 2nd Generation FDTD program by *
*
*
*
* Denmark, fall 1996

*

* Ok 3k ok *

EEEEEE SR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEREEEESEEEEEEEEEEEEEEEEEEEEEES]

* ASCI| DEFINITION FI LE ( ADF) . * 2nd Generation FDTD Program *
* This file contains all relevant * Aal borg University, CPK *
* information for an FDID * Conpiled by gfp 11-96 *
* S| rml athﬂ. ThIS flle rmst not be R I o I I S
* m staken for the BINARY DEFI NI TION FI LE (BDF) which is generated *
* fromthis ascii file. *
R R R S 2 I I S I I I
*

* PARAMETERS FOR SI MULATI ON | DENTI FI CATI ON

K o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e o

* titel : The title of the FDID sinulation. Is witten in the
head

* of the binary definition file.

* template : This string variable is concatenated on all output

* files fromthe FDID program Max 12 characters.

*

sid : Sinulation ldentification nunber. The integer
count er part
* of '"titel".
*

data titel /'filenane
-Mauro Pel osi 31-04-06'/
data tenplate /'fil ename'/
data sid /3104001/

PARAMETERS FOR SI MULATI ON QUTPUTS AND CONTRCLS

* %k k%

data timedo /. TRUE./ I Tinme domain fields.

data eqcur /.FALSE./ I Equi val ent currents.

data fraeqcur /.FALSE./ I Fraeqcur read file.

data nefi /.TRUE./ I Frequency domai n nearfiel ds.

data farfi /.TRUE./ I Frequency dommin farfields.
data fsanmp /. FALSE./ ! Farfield sanples.
data patch /.FALSE./ I Patch currents.

XXI1I
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data inped /. TRUE./ I | npedance.
dat a i nput pow /. TRUE. / I I nput power.
data rpow /. TRUE./ | Radi ated power.
data h_source /.FALSE./ I Magnetic field source.
data e_source /. TRUE./ ! Electric field source.
*
* PARAMETERS FOR FUNDAMENTAL FDTD SETTI NGS
K o e o e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e
* X0 -> zo0 An arbitrary offset point for specs.
* resol . Resolution. deltax /Il anbda/resol
* maxx -> maxz : Total FDTD space (incl. boundary)
*

par anmet er (x0=10, yo=10, zo=10)

par anet er (hsc=15/5)

par amet er (| b=100/ 5, wo=20/ 5, hb=70/ 5)

par anet er (r esol =30000/ 293)

par amet er ( maxx=2* xo+l b, maxy=2*yo+wb, maxz=2* zo+hb+1+hsc)

*
l
!

* PARAMETERS FOR FARFI ELD
K o e e e e e e e e e e e e e e e e e e -
* mnbx -> mnbz : Determnes lower limt of the NF2FF boundary.
* maxbx -> maxbz : Determines upper limt of the NF2FF boundary.
* ~—
paramet er (m nbx=4, m nby=4, m nbz=4)
par amet er (maxbx=maxx-4, maxby=nmaxy-4, maxbz=maxz-4)
*
* PARAMETERS FOR ELECTRI CAL FI ELD SOURCE (Renember to set e_source!)
K o e e e e e e e e e e e e e e e e e e e e e e e e e .- -
* inmpuls . Logi cal which selects either sine or gauss excitation.
* ( TRUE=gauss, FALSE=si ne)
* freq . Center frequency
* si gmaf . Selects frequency domain spread of Gaussian pul se.
* tinoff : Sets the tinme offset tau of the Gaussian pulse in terns
of
* time spread as (tau=tinmeoff*tine_spread), where the tinme_
* spread is calculated fromthe frequency spread of the
pul se
* Normal |y, tineoff=4
* nmax : Maxi mum nunber of tine steps.
* anos : Actual number of e-field sources.
*

Not e, that anos<mos specified in PARENT

XXII
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* % F X X X X X X

* o+ O

* % X Ok X X X F ) X

l

XS - ZS

NnSpx-nspz :

apts
ssd

phof f

One di nensional array of 'anos' denoting the coordinate
of the i'th source. i=1:1:anos.

1D array of anos denoting the extention of the i'th
source in each direction.

1D array of 'anos' denoting which field conponent to
excite: (-1=Ex, O=By, 1=Ez).

1D array of 'anos' denoting the anplitude of the excited
signal . See DOCUMENTATI ON on delta gap field excitation
1D array of 'anos' denoting the phase offset in DEGREES

the i'th source

dat a
dat a
dat a
dat a
dat a
dat a

i mpuls /. TRUE. /
freq /586e6/

si gmaf /300e6/
timoff /4/

nmax / 75000/
anos /1/

xs(1) =xo+1
ys(1)=yo+l
zs(1) =zo+hb
nspx(1)=1
nspy(1)=1
nspz(1) =hsc
apts(1)=1
ssd(1)=1.0
phoff (1)=0.0

PARAMETERS FOR NEARFI ELD
nf code Speci fies which nearfield conponents are output.
freql Specifies the frequency for the nearfield Fourier transform
anonfb : Actual nunmber of near-field boxes. Note: anonfb<=monfb
near begx -> nearbegz : Lower limt of nearfield boundary.
nearendx -> nearendz : Upper linmt of nearfield boundary.

dat a nfcode /63/

data freql /586e6/

data anonfb /1/

near begx( 1) =xo

near begy(1) =yo

near begz(1) =zo

near endx (1) =xo+l b

near endy( 1) =yo+wb

near endz( 1) =zo+hb+hsc+1

XXV
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*

BW
fste
imMo

anoi
Xi nmp
poi nts
* _yi np
poi nts
* zinmp
poi nts
* ni px

* 0% X X X X X X X )

ps;
op :

- ni

i npedance

*
* di oi
poi nt .
*

* mutadm :

t he

*

E I I . . A T

PARAVETERS FOR | MPEDANCE

Bandwi t h of which the inpedance response os want ed.

Nunber of inpedance sanples in BW

Size of the loop for Hfield integration. If imoop=0, the
smal |l est loop is used. If imoop=1, the integration loop is
1 cell outside the snallest |oop etc.

Actual nunber of inpedance points. anoi <=moi

1D array of anoi. Contain all x-coordinates of the inp-

1D array of anoi. Contain all y-coordinates of the inp-
1D array of anoi. Contain all z-coordinates of the inp-
pz : 1D arrays of anoi. Denotes the extention of the

point. Wrks as nspx-nspy for the source.
1D array of anoi. Denotes the direction of the inpedance

Simlar to apts() for the source.
If this logical is .TRUE. the FDTD programw || cal cul ate

mut ual admittance Y21. That is, Y21=l2/V1l, when V2=0

The Y21 can be transfornmed into Z12 by a proper formla
(see Pozar p.235). Wen using nutadm YOU are in charge of:

--> USI NG TWO SOURCES.

--> SOURCE #1 | S EXCI TED AS DESI RED.

--> THE AWPLI TUDE OF SOURCE #2 EQUALS 0.0 {ssd(2)=0.0}
If YOU do not do this right, garbage will be output.

1

dat a
dat a
dat a
dat a
dat a

BW / 300e6/
fsteps /3000/

i m oop /0/

anoi /1/

nmut adm /. FALSE. /

xi mp(1)=xs(1)
yimp(1)=ys(1)
zimp(1)=zs(1)
ni px(1) =nspx(1)
ni py(1) =nspy(1)
ni pz(1)=nspz(1)
dioi (1)=apts(1)

*

PARAVETERS FOR | NPUT PONER SETTI NGS

XXV
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* pin? : Locates the | ower corner of a box on which the net
* power flow if cal cul ated.
* pinext? : Indicates the extention of the box in the three
* firections.
pi nX = X0
piny = yo
pinz = zo
pi next x=l b
pi next y=wb
pi next z=hb+hsc+1
* ~—~
* PARAMETERS FOR THI NW RE
*
* thw : Logical. If true, the thinwire algorithmis enables
* anotw : The actual nunber of thin wires set in the FDTD space
* thx,thy,thz : Lower fix point of thin wire
* thdir . Oientation of thin wire (-1=X 0=Y 1=2)
* thi : Extention of thin wire
* thr : Radius of wire in ternms of wavel ength
t hw=. FALSE.
anot w=0
* ~—~
* PARAMETERS FOR TI ME DOVAI N FI ELDS AND STEADY STATE TEST- PO NT
*
* xtp -> ztp : Test point for evaluating steady state.
* criterion : The fraction of maxi numvalue for valid steady state.
* anot dp : Nunber of desired tine domain field points.
* Not e, that anotdp <=motdp (specified in PARENT file).
* xtimlanotdp) -> ytim(anotdp) : Array holding the coordinate of the
* specific field point.
* fconp(anotdp) : Array hol ding which field conmponent (1-6) to output.
* (1=Ex, 2=Ey, 3=Ez, 4=Hx, 5=Hy, 6=Hz)
* —~—

1

Xt p=xo+l b+2
yt p=yo+wb+2
zt p=zo+hb+2
data criterion /0.001/

data anotdp /1/
xtim(1l)=xtp

XXVI
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ytin(1)=ytp
ztim(l)=ztp
data fconmp(1) /1/

*

* PARAMETERS FOR NF2FF- TRANSFORVATI ON

*

* noang Nunmber of angle steps in radiation pattern

* alfa : Elevation angle fromY- towards Z-axis in deg. in farfield
* pattern.

* beta : Elevation angle fromY- towards Z-axis in deg. in

coordi nat e

* system

* alfas : Elevation angle fromY- towards Z-axis for sanpling the
farfield.

* I n degrees.

* betas : Angl e of the coordinatesystem from Y- towards Z-axis for
* sanpling the farfield, in deg.

* thstart : Start angle for sanpling in theta

* thstop : Stop angle for sanpling in theta

* deltath : Resolution in theta in deg.

* deltaphi: Resolution in phi in deg.

*

dat a noang / 360/
data alfa /0.0/
data beta /0.0/
data alfas /0.0/
data betas /0.0/
data thstart /0.0/
data thstop /180.0/
data deltath /5.0/
dat a del taphi /5.0/

*
* PARAMETERS FCOR PATCH- CURRENT
*
*

***apsint brugt somipzl!!
data ixpl,ixp2,iypl,iyp2,izp2,epsint,
- sigint /16,16, 16, 20, 20, 20.,0./

PARAMETERS FOR MATERI ALS

matno : Actual nunber of materials inclusive the basic material.

* % F F

XXVII
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* Not e, that matno<=mats specified in static.h! ALso

* epsi() : Permittivity. Note that epsi(l) is treated as the basic
* mat eri al

* my() : Permeability. Note that ny(l) is treated as the basic

* mat eri al

* sigma(): Conductivity. Note that signa(l) is treated as the basic
* mat eri al

data matno /2/

epsi (1) =8. 854e-12 I Vacuum pernmittivity
nmy( 1) =1. 25664e- 6 I Vacuum perneability
sigma(1)=0.0 I Vacuum (?) conductivity

** Ant enna pl ast
epsi (2)=2. 30*epsi (1)
ny(2)=ny(1)
sigma(2)=0.0

Print
epsi (2)=5. 0*epsi (1)
ny(2) =ny(1)
sigma(2)=0.01

EE

*

muscle at 900MHz
epsi (2)=41. 5*epsi (1)
ny(2) =ny(1)
sigma(2)=0.76

* nuscle at 1800

* epsi (3)=32. 5*epsi (1)
* ny(3)=ny(1)

* sigma(3)=1.72

EEEEEE SRS EEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEESEEE

**********LUNPED ELENENTS PARANE"’ERS***********

khkkkkkhkhkhkhhdhhhrhkddxdkhkhkdddddrrdrrdxxrkhdkdddddrrxxxx*x

*enabl e the | unped el enenment routine
* | um=0 | unped el enent not enebl ed
* | umel | unped el enment enabl ed

*we have array with "lumax" nunber of el enents,
*corresponding to the nunber of |unped conmponents we need.
*REMEMBER TO DEFI NE "LUMAX' IN THE FILE STATIC. H I'!!

*umx (i ndex) for index=1,2,3,... |lunmax
*is the x location of the cell corresponding to
*the (index)th |unped conponent

*lunmy(index) for index=1,2,3,... |umax

XXVII
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*is the y location of the cell corresponding to
*the (index)th |unmped conponent

*lunme(index) for index=1,2,3,... |lumax
*is the z location of the cell corresponding to
*the (index)th | unped conponent

*lundir (i ndex) for index=1,2,3,... |umax
*is the orientation of the cell corresponding to
*the (index)th |unped conponent:

*[unmdi r (i ndex)=-1 set the (index)th |lunped conponent
*oriented along the x axis

*[undi r (i ndex) =0 set the (index)th |unped conponent
*oriented along the y axis

*[undi r (i ndex) =1 set the (index)th |unped conponent
*oriented along the z axis

*umtype(i ndex) for index=1,2,3,... |unmax
*is the type of the (index)th |unped conponent:

*[umt ype(i ndex)=1 set the index(th) |lunped conponent
*is a capacitor

*[umt ype(i ndex) =2 set the index(th) |unped conponent
*is a resistor

*[unmt ype(i ndex) =2 set the index(th) |unped conponent
*is an inductor

*| um nmped(index) for index=1,2,3,... |unmax

*define the value of the inpedance

*of the (index)th |unped conponent:

*this value will be automatically set

*as a capacity [F],resitance [Chni, or inductance [H
*dependi ng to the type of conponent

*in that specific location

EEEEE R SR SRR EE R R R R R R R R R R R R R EREEREEEEEEEEREEEEEERESSES]

*here it is possible to specify the input paraneters of
*the | unped conponents.

| unrl

| umx (1) =xo0+12
lumy (1) =yo+2

| unz(1)=zo+hb
lumdir(1)=1

lunt ype(1)=3

| um nmped(1) =1e-12

XXIX
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| umx(2) =xo+12

[ umy(2) =yo+2

[ unez(2)=zo+hb+1
lumdir(2) =1

[ unmt ype(2)=2

| um nped(2) =10

| umx(3) =x0+12
luny(3) =yo+2

| une(3) =zo+hb+2
lurmdi r (3) =1

[ unt ype(3) =3

| um nped(3)=10e-9

LR R R EEEEE RS SRR R R R R RS R R R R R R R R RS EEREREEEEREEEREREEREEREEEESEESEEEES
Kk Kk k%
LR R R R EEEEEE SRR R R R R R RS E R EE R EEEEEEEEEEEEEEEEEEEEEEREEEEREEREESRESESEEES
*kk k%
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEEEES

* Kk Kk k%

* DO NOT TOUCH THE FOLLOWN NG 3 DATA DECLARATI ONS!

*

*

*

* COVPLETELY DUWM VARI ABLES!

*

K e e e e e e e e e e e e e e e e e e e o2

*

* The followi ng variables are used to "convert" paraneters to data
*

* statenments. In the Ascii Definition File, some variables, which
are *

* supposed to be entered in a commopn area, are declared as
paraneters. *

* Thus, these varibles nmust be changed to data statenents in order
to *

* be put in a common area. This is done through the dunmi es.

*

LR R R R R R R R R R R R R R R R R R SRR R R R R R R R R R R R R R R EEEEEEEEREEREREEEEEEEEEEES
* Kk k kk

LR R EEEEEE R RS R SRR EEE SR SR SR EEEEEEEEEEEEEEEEEEEEEEEEEESEEREEREEREEREESSESEEZEES

* Kk Kk k%

data dmaxx, dmaxy, dmaxz /maxx, maxy, maxz/
data dm nbx, dm nby, dm nbz /m nbx, m nby, ni nbz/
dat a dmaxbx, dmaxby, dmaxbz /maxbx, maxby, maxbz/

PARAMETERS FOR GENERATI NG AUTOCAD SCRI PT- FI LE

acad : If true, generates an Autocad 12 script file

* % F X F

data acad /. TRUE./

i f(acad) then
j=12

XXX
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do 1 i=1,12
if(tenplate(i:i).eq." ') then
if(i.lt.j) j=i
end if
1 conti nue

open(2, file=tenplate(:j-1)//"'.scr', status = new ,
- access='sequential',forme formatted')

call acadgen

end if

*

* SUBROUTI NE CALLS FOR DESI GNI NG STRUCTURE

*

call box(xo,yo, zo, | b, wb, hb)
call plate(xo,yo,zo+hb+hsc, 16, wb, 0)

call linz(xo,yo,zo+hb, hsc, 1)

XXXI
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C.5: writepar.f

LR R R R R R R R RS R R R R R R RS E R R R R R R R R E R R R R EEEEEEEEREEREREEEEESEEEEEES

* Wit

es the paranmeters.h file for the FDTD conpil ation *

LR R EEEEEE SRS SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEREEEESEESEEEES

subroutine witepar(sid, maxx, maxy, maxz, naxmat , maxang, anonf b,
nftotl,inpsteps, mos, moi, motdp, a, b, c,
Xpi n, ypi n, zpi n, motw, t hwl , | unx,
[ urmy, lung, lundir, luntype, | um | umax, | um nped)
inmplicit none
i nteger sid, maxx, maxy, maxz, maxmat , maxang, nftot!,
i npst eps, mos, moi , mot dp, a, b, c, maxze
i nteger tenp, anonfb, xpi n, ypi n, zpi n, motw, t hw , | umax

integer lumprin

integer lunx(lumax),luny(lumax), | unme(l umax)
i nteger lundir(lumax), | unmtype(l umax)

real | um nped(| umax)

maxze=b

if(a.gt.b) naxze=a

if(c.gt.maxze) maxze=c

open(1,file="paraneters.h', status='new,
err=1000, form=' formatted')

wite(l,' (A A',err=1000)"******** Hogder for paranmeters *******!
,CF -*-fortran-*-'

vw'te( 1’ ' (A, A)' , err:looo)' IR SRR EEEEEEEEEEEEEREEEEEEEEEEEEREEEEEE SN
,'***************'

wite(1,' (A A',err=1000)"* Automitically witten by DEFINE '
, ! /[ kvs 2-96  *'

W|te( l, ' (A, A)' , err:looo)' kkhkkhkkhhkkkhkkhkkhkhhhkhkkhkkhkhhhhkkkhkkhkhhhkhkkkhk hhkkkkhkikhkx!
,'***************'

wite(1,' (A 17,A)",err=1000)
' x This header is witten for FDID SID=', sid," *!

\NfltE(l ' (A A)' err:looo)' R R O I O I R R S I O

"k hkkkkhkhkhhkhkkkkhkkk*x!
’

wite(1,' (A", err=1000)" °

wite(l,'(A)',err=1000)"'* FDID space paraneters'
wite(l,'(A"',err=1000)"' i nt eger sizx, sizy, sizz'
wite(l,'(AI13,AI3AI3 A", err=1000)

' parameter (sizx=',maxx,',sizy=", maxy,

',sizz=", mxz,")"'
wite(l,' (A", err=1000)
wite(l,'(A)"',err=1000)'* Max. nunmber of materials'
wite(l,'(A)"',err=1000)"' i nt eger maxmat'
wite(l,' (A 12,A",err=1000)" par anmet er ( maxmat =", maxmat, ')’
wite(1,' (A", err=1000)" "

wite(1,'(A)',err=1000)"'* Max. nunmber of angles for NF2FF

XXX
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(nftotl=",nftotl,",

i nt eger maxang'
paranet er (nmaxang=', maxang,

nearfield vector |ength'

i nteger nftotl, monfb'
monf b=', anonfb, ')’
i nput power box di mension’

i nteger xpin,ypin,zpin'
err=1000)

wite(l,'(A)',err=1000)"
wite(1,' (A 13,A)",err=1000)"
wite(l,' (A", err=1000)" "'
wite(l,'(A',err=1000)"* Max.
wite(l,' (A", err=1000)"
wite(1,'(A16,A 13, A", err=1000)
- ' par anet er
wite(l,' (A", err=1000)" "'
wite(1,' (A", err=1000)"'* Max.
wite(l,' (A", err=1000)"
wite(1,'(AI13,AI3 AI3A)",

- paraneter (xpin=",xpin,',ypin=",ypin,

- ',zpin=',zpin, ")’
wite(l,' (A", err=1000)" '

wite(l,

- ' inpedance routine'
wite(l,' (A", err=1000)"
wite(l,' (A 14,A"',err=1000)"'
wite(l,' (A", err=1000)"
wite(l,'(A)',err=1000)"'* Max.
wite(l,'(A)"',err=1000)"
wite(l,'(AI12,A"',err=1000)"'
wite(l,'(A)',err=1000)" "'
wite(l,'(A)',err=1000)"'* Max.

wite(l,' (A", err=1000)"
wite(l,'(A12,A',err=1000)"
wite(l,' (A", err=1000)"

wite(l,'(A',err=1000)"* Max.
wite(l,' (A", err=1000)"
wite(l,' (A 12,A"',err=1000)"
wite(l,' (A", err=1000)"

wite(1,' (A", err=1000)"* Max.

wite(l,' (A", err=1000)"
tenmp=3*maxze+l
wite(1,' (A 16,A)",err=1000)"
wite(l,' (A", err=1000)" '

wite(l,'(A)"',err=1000)"'* Max.

wite(l,' (A", err=1000)"
wite(l,' (A 13,A",err=1000)"
wite(l,' (A", err=1000)" '

wite(l,' (A", err=1000)"* Max.

wite(l,' (A", err=1000)"
wite(1,'(A13,A)",err=1000)"
wite(1,' (A", err=1000)"

"(A/A) ', err=1000)"* Nunber of frequency steps for',

i nteger inpsteps’
par anet er (i npst eps=', i npst eps,

nunmber of sources’
nt eger mos'
par anet er (Mmos=', nmos, ' )"

nunmber of | npedance points'
i nteger moi'
par anet er (moi =", nmoi, ")

nunber of Ti medonmai n points'
nt eger mmot dp’
par anet er (ot dp=', nmmotdp, ')’

nunber of zeroed E-fields'
nt eger maxze'

par anet er (maxze=',tenp,"')"’

nunmber of thin wires'
nt eger mmot w
par anmet er (rMmot w=", motw, ')’

length of thin wire(s)'
integer thw'
paraneter(thw =", thw, k")’

XXX
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wite(l,'(A)"',err=1000)"* | unx'
wite(l,'(AI13,A"',err=1000)"' integer lumx(',lumax," )’

wite(l,' (A", err=1000)
- ' data lunx /
do 1266 prin = 1, | umax

if(prin.eq.1)then

wite(l,'(AI,A)", err=1000)" - ,Jumk(prin), "’
el se
wite(l,'(AI,A)",err=1000)" - ,lumk(prin), "'
end if

1266 conti nue
wite(l,'(A"',err=1000)"' - /'

wite(l,' (A", err=1000)" "'

wite(l,'(A)"',err=1000)"* |uny'
wite(l,' (A 13,A",err=1000)" integer luny(',lumax,"')"’

wite(l,' (A", err=1000)
- ' data |uny /
do 1267 prin = 1, | umax

if(prin.eq.1)then

wite(l,'(AI,A)",err=1000)" - lumy(prin),"'
el se
wite(l,'(AI,A)", err=1000)" -, lumy(prin),"'
end if

1267 continue
wite(l,' (A", err=1000)" - /'

wite(l,' (A", err=1000)" °

XXXV
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1268

1269

wite(l,'(A',err=1000)"* |une'
wite(l,'(A13,A"',err=1000)"' integer lunz(',lumax,"')"’

wite(l,' (A", err=1000)
' data lune /
do 1268 prin = 1, umax

if(prin.eq.1)then

wite(l,'(AI,A)", err=1000)" - ", lume(prin), "'
el se

wite(l,'(AI,A)", err=1000)" - Uy lume(prin), 't
end if

conti nue

wite(1,' (A", err=1000)" -

wite(l,' (A", err=1000)"

wite(l,'(A)"',err=1000)"* |untype'
wite(l,'(AI13,A"',err=1000)" i nteger luntype(',lumax, ')’

wite(l,' (A", err=1000)
' data | untype /
do 1269 prin = 1,1 unmax

if(prin.eq.1)then

wite(1,'(Al,A)",err=1000)" - ", lumype(prin),"’
el se

wite(l,'(AI,A)", err=1000)" - , ", luntype(prin),"’
end if

conti nue

wite(l,'(A)',err=1000)" - /"

wite(l,' (A", err=1000)"

wite(l,'(A)',err=1000)"* lundir'
wite(l,'(AI13,A",err=1000)"' integer lumdir(',lumax,")’

wite(l,' (A", err=1000)
' data lumdir / '
do 1270 prin = 1, | umax

XXXV
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if(prin.eq.1)then

wite(l,'(AI,A)"', err=1000)" - "“Slumdir(prin),"’
el se
wite(l,'(AI,A)"', err=1000)" - 'y lumdir(prin),
end if

1270 conti nue
wite(1,' (A", err=1000)" - /'

wite(l,' (A", err=1000)"

wite(l,'(A)',err=1000)"* | um nped'
wite(l,'(AI13,A)"',err=1000)"' real |um nped(',lumnmax,"')’

wite(l,' (A", err=1000)
- ' data | um nped /
do 1271 prin = 1,1 umax

if(prin.eq.1)then

wite(l,' (A E A", err=1000)" - ", lum nped(prin),"’
el se
wite(l,' (A E A", err=1000)" - ., lum nped(prin), "’
end if

1271 continue
wite(l,' (A", err=1000)" - /'

wite(1,' (A", err=1000)" °

wite(l,'(A)',err=1000)"'* Max. length of thin wire(s)'
wite(l,'(A"',err=1000)"' i nteger |um
wite(l,'(A13,A)"',err=1000)" paraneter (lum=',lum")"
wite(l,'(A)',err=1000)" "'

wite(l,'(A)',err=1000)" "'

wite(l,'(A)',err=1000)"* | umax'

wite(l,' (A", err=1000)" i nteger | unmax'
wite(l,'(A13,A",err=1000)" paraneter (| umax=", lumax, ')’
wite(1,' (A", err=1000)"

wite(l,' (A", err=1000)" "'

cl ose(1, status='keep')

goto 2000
1000 print*,"File "paranmeters. h" exist. Rempbve it and restart the',
- " DEFI NE program'
print*,"This file is needed in the conpilation of the FDID ,
- " program'
close( 1, status="delete')

2000 conti nue

return
end

XXXVI
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C.6: parameters.h

krkkxxkk Header for parameters ***x***x _*_{fortran-*-

EE R I S O S S b S S I R R I I S kI S S b S S R

* Automitically witten by DEFI NE /kvs 2-96  *

EE Ik I S Sk S S kb S Rk kI I kO S Sk kI

* This header is witten for FDID Sl D=3104001 *

LR EEEEEEEEEEEEEEEEEEEEEEEEEEREEREEEEEEEEEEEEEEEEEEEESESS

* FDTD space paraneters
i nteger sizx, sizy,sizz
parameter (sizx= 40, sizy= 24,sizz= 38)

* Max. nunber of naterials
i nt eger maxmat
par anmet er ( maxmat = 2)

* Max. nunber of angles for NF2FF
i nt eger nmaxang
par anet er (nmaxang=360)

* Max. nearfield vector length
i nteger nftotl, monfb
paraneter (nftotl= 1995, monfb= 1)

* Max. input power box di nension
i nteger xpin,ypin,zpin
parameter (xpin= 21,ypin= 5,zpin= 19)

* Number of frequency steps for inpedance routine
i nt eger inpsteps
par amet er (i npst eps=3000)

* Max. nunber of sources
i nteger mMmos
par anmet er (rmos= 1)

* Max. nunber of |npedance points
i nt eger mMmoi
par amet er (nmoi = 1)

* Max. nunber of Timedomain points
i nteger mmot dp
par anet er (rmot dp= 1)

* Max. nunmber of zeroed E-fields
i nteger maxze
par anet er (maxze= 2401)

* Max. nunber of thin wires
i nteger mMmotw
par anet er (Mot w= 1)

* Max. length of thin wire(s)

i nteger thw
paraneter (thw = 1)
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* | umx
integer lunx( 3)
data |unx /
- 22
-, 22
-, 22
- /
* | umy
integer lunmy( 3)
data lumy /
- 12
-, 12
-, 12
- /
* | unz
i nteger lunz( 3)
data lune /
- 24
- , 25
- , 26
-
* |umype
integer luntype( 3)
data |untype /
- 3
- , 2
- , 3
- /
* Jumdir
integer lundir( 3)
data lumdir /
- 1
- , 1
- . 1
- /
* | um nped

real lum nped( 3)
data | umi nped /
- 0. 1000000000000000E- 11
- , 0. 1000000000000000E+02
- , 0. 1000000000000000E- 07
- /

* Max. length of thin wire(s)
integer [um
parameter (lum= 1)

* | umax
i nteger | umax
paranmeter (| umax= 3)
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C.7: Maxwell.h

* * *
-*-fortran-*-
EE IR R S I R R I R I I S I I I R I R S O O

FrRxxxxx Header for maxwel | x**xxxx

RR R Ik Sk S Ok R R S S I R

* LOCALS
integer i,j,k,tenp,tenpint
real tenpl,tenp2
| ogi cal iscap
integer in
| ogical flag

* GLOBALS

i nt eger maxx, maxy, maxz, maxbx, maxby, maxbz, m nbx, m nby, m nbz
i nteger zeroex(sizx, sizy,sizz), zeroey(sizx,sizy,sizz),
* - zeroez(sizx, si zy, si zz)
i nteger zerox(nmaxze), zeroy(nmaxze), zeroz(maxze)
i nt eger mat (sizx, sizy, sizz), mtno, nozex, nozey, nozez

* i nteger lumx(lumax),lumy(lumax), !l une(l umax), | untype(l umax)
* i nteger |undir (| unmax)
* real | um nped(I| unmax)

real deltax,deltay,deltaz,deltat,freq

real ex(sizx,sizy,sizz), ey(sizx,sizy,sizz),

- ez(sizx, sizy,sizz), hx(sizx,sizy,sizz),

- hy(si zx, si zy, si zz), hz(sizx, sizy,sizz)

real epsi(maxmat), ny(maxmat), si gma(maxmat), c, et a, onega, pi ,

- const a, const b, constc, cap, i nvepsi (maxmat ), t dxdepsi (maxmat ),
- ef mat par ( maxmat )

conmon / param maxx, maxy, maxz, maxbx, maxby, maxbz,
- nm nbx, m nby, m nbz, del t ax, del t ay, del t az,
deltat,freq
comon /h_fields/ hx, hy, hz
conmon /e_fields/ ex, ey, ez
comon /matrix/ mat
conmon /mat/ matno, epsi, ny, signg, i nvepsi, t dxdepsi , ef mat par
common /zeroe/ zerox, zeroy, zer oz, nozex, nozey, nozez
conmon /naturconst/ c, eta, onega, pi, consta, constb
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C.8: maxwell.f

EE R R S S O S O R I I R R O S I R R O O o
* Hand E field update. * 2nd Generation FDTD Program *
* E-field is updated via an entry * Aal borg University, CPK *
* statement. * Conpiled by kvs 11-95 *

LR R R E R R R RS R R R R R R R RS R R R R R R R R R EEEEEEREEEREEEEEEEESEESES

* This source file is optimzed for nmenmory and speed on both single *
* and multi-processor systens. 01-96 gfp & kvs. *

EE R S I S S S S Rk kR S S R R S I S R R R I

subroutine h_update
inmplicit none

i nclude 'paraneters. h'
i nclude ' maxwel | . h'

EEEEEE RS S EE R R E R R EE R SRR R R EEEREEEEREEREEREEEEEEEESEREEREREEEREESZES]

*initialization of the paraneters of the |unped conponents

real constluml(! unmax)
real constlun2(l umax)
real const!l un8(| umax)
real constr (Il unmax)
real constr1(l umax)
real constr2(l umax)
real induef (Il unmax)

do 1777 in = 1,1 unmax

constluml(in)=0
const | un2(i n)=0
const | unB(i n)=0
constr (in)=0
constr1(in)=0
constr2(in)=0

1777 conti nue

do 1888 in = 1,1 unmax

if(lumtype(in).eq.1l)then

const |l uml(in)=1
constlun2(in)=((deltax)/(2*c*(epsi (1) *del tax+l um nmped(in))))
else if(luntype(in).eq.2)then

constr(in)=1.0/(4*c*| um nped(in)*epsi (1))

const |l uml(in)=(1.0-constr(in))/ (1. 0+constr(in))
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constl un2(in)=1.0/(2*c*epsi (1) *(1l+constr(in)))
else if(luntype(in).eq.3)then

constluml(in)=1.0/(2*c*epsi (1))
constlun2(in)= -(deltax/(4*c*c*epsi (1)*| um nped(in)))

el se
const | unB(in)=1
end if

1888 conti nue

khkkkhkkhkhhhkhkkhkkhkhhhhhkkhkhdhhhhkkhkhdhhhkhkhk dhhhdkdddhhhkdkddd hhkdxk,*k k hk*x*x*%x%

* HFIELDS | S CALCULATED I N | NTERI OR AT TI ME N+1/2
end if

do 100 k = 1, naxz-2
do 100 j = 1, nmaxy-2
do 100 i = 1, maxx-2
hx(i,j,k)=hx(i,j,k) + consta*
- (ey(i+1,j,k+1)-ey(i+1,j,k)
- + ez(i+1,j,k)-ez(i+1,j+1,k))

hy(i,j,k)=hy(i,j,k) + consta*
- (ez(i+1,j+1,k)-ez(i,j+1,k)
- + ex(i,j+1,k)-ex(i,]j+1,k+1))

hz(i,j,k)=hz(i,j, k) + consta*

- (ex(i,j+1, k+1)-ex(i,], k+l)
; + ey(i,j, k+1)-ey(i+1,j, k+1))

100 conti nue

* x1
k=maxz- 1
do 200 j =1, maxy-1
do 200 i =1, maxx-2
hx(i,j,k)=hx(i,j,k) + consta*
- (ey(i+1,j,k+1)-ey(i+1,j,k)
- + ez(i+1,j,k)-ez(i+1,j+1,k))
200 conti nue
* x2

j =maxy- 1
do 250 k=1, maxz-2
do 250 i =1, naxx-2
hx(i,j, k)=hx(i,j,k) + consta*
- (ey(i+1,j,k+1)-ey(i+1,j,k)
- + ez(i+1,j,k)-ez(i+1,j+1,k))
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250 conti nue

*yl
k=maxz-1
do 300 j =1, nmaxy-2
do 300 i =1, maxx- 2
hy(i,j,k)=hy(i,j, k) + consta*

- (ez(i+1,j+1,k)-ez(i,j+1,k)

- + ex(i,j+1,k)-ex(i,]j+1,k+1))
300 conti nue

*yz
i =maxx-1
do 350 k=1, maxz-1
do 350 j =1, maxy-2
hy(i,j,k)=hy(i,j, k) + consta*

- (ez(i+1,j+1,k)-ez(i,j+1,k)

- + ex(i,j+1,k)-ex(i,j+1,k+1))
350 conti nue

i =maxx- 1
do 400 k=1, maxz-2
do 400 j =1, maxy-1
hz(i,j,k)=hz(i,j,k) + consta*
- (ex(i,j+1, k+1)-ex(i,j,k+1)
- +ey(i,j, k+l)-ey(i+1,j,k+1))
400 conti nue

j =maxy-1
do 450 k=1, maxz-2
do 450 i =1, maxx-2
hz(i,j,k)=hz(i,j,k) + consta*
- (ex(i,j+1, k+1)-ex(i,j,k+1)
- +ey(i,j,k+l)-ey(i+1,j,k+1))
450 conti nue

return

entry e_update

R R I I I S O S O S I O

**|umrl enabl e the | unped conponents ***

Rk I S S S R Rk kR I
if(lumeq.1)then
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E-FI ELDS 1S CALCULATED I N I NTERI OR AT TI ME N+1

The following conpiler directive is suited for a SG@ Power CHALLENGE
mul ti-processor system

*
*
*
*

*

*C$ DOACRCSS shar e( maxz, maxy, maxx, ex, const a, nat , ef mat par, t dxdepsi , hz
*C$& , hy, ey, hx,ez) local (k,j,i,tenp,tenpl,tenp2)
do 500 k = 2, maxz-1
do 500 j = 2, maxy-1
do 500 i = 2, maxx-1
temp=mat (i,j, k)
t empl=t dxdepsi (t enp)
t enp2=ef mat par (t enp)

do 1265 in = 1, unax
if(i.eq.lunx(in).and.j.eq.lunmy(in).and.k.eq.|une(in)
- .and.lundir(in).eq.-1.and.luntype(in).ne.3)then

flag=.true.

ex(i,j,k)= constluml(in)*ex(i,j,k) +
- constlum2(in)*((hz(i,j,k-1)-hz(i,j-1,k-1))
- + (hy(i,j-1,k-1)-hy(i,j-1,k)))

else if(i.eq.lunmx(in).and.j.eq.luny(in).and.k.eq.lune(in)

- .and. lundir(in).eq.-1.and. luntype(in).eq.3)then
i nduef (i n) =i nduef (i n)+ex(i,j,k)
ex(i,j,k)y=ex(i,j,k) +

- constluml(in)*((hz(i,j,k-1)-hz(i,j-1,k-1))
- + (hy(i,j-1,k-1)-hy(i,j-1,k)))+
- + constlun2(in)*induef (in)

flag=.true.

end if

1265 conti nue
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if(flag.eqv..false.)then
ex(i,j,k)= tem2*ex(i,j,k) +
- templ*((hz(i,j,k-1)-hz(i,j-1,k-1))
- + (hy(i,j-1,k-1)-hy(i,j-1,k)))

else if(flag.eqv..true.)then
flag=.fal se.

end if

do 1365 in = 1,1 umax
if(i.eq.lum(in).and.j.eq.lunmy(in).and.k.eq.!|unez(in)
- .and. lundir(in).eq.0.and. | untype(in).ne.3)then

flag=.true.

ey(i,j,k)= constluni(in)*ey(i,j,k) +
- constlunm2(in)*((hx(i-1,j,k)-hx(i-1,j,k-1))
- + (hz(i-1,j,k-1)-hz(i,j,k-1)))

else if(i.eq.lumx(in).and.j.eq.lumy(in).and.k.eq.lune(in)
- .and. lumdir(in).eqg.0.and.luntype(in).eq.3)then

i nduef (i n) =i nduef (i n)+ey(i,j,k)

ey(i,j, k)= ey(i,j, k) + -
- constlunm2(in)*((hx(i-1,j,k)-hx(i-1,j,k-1))
- + (hz(i-1,j,k-1)-hz(i,j,k-1)))+
- + const !l un®(in)*i nduef (i n)

flag=.true.
end if

1365 conti nue
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if(flag.eqv..false.)then

ey(i,j,k)= temp2*ey(i,j,k) +
- tenmpl*((hx(i-1,j,k)-hx(i-1,j,k-1))
- + (hz(i-1,j,k-1)-hz(i,j,k-1)))

else if(flag.eqv..true.)then
fl ag=. fal se.

end if

do 1465 in = 1, umax
if(i.eq.lumx(in).and.j.eq.lunmy(in).and.k.eq.!|une(in)
- .and. lundir(in).eq.1l. and. |l untype(in).ne.3)then

flag=.true.

ez(i,j,k)= constluml(in)*ez(i,j,k) +
- constlunm2(in)*((hy(i,j-1,k)-hy(i-1,j-1,k))
- + (hx(i-1,j-1,k)-hx(i-1,j,k)))

else if(i.eq.lumx(in).and.j.eq.luny(in).and.k.eq.lune(in)
- .and. lumdir(in).eq.1.and.luntype(in).eq.3)then

i nduef (i n) =i nduef (in)+ez(i,j, k)
ez(i,j,k)=ez(i,j,k) +
- constluml(in)*((hy(i,j-1,k)-hy(i-1,j-1,Kk))

- + (hx(i-1,j-1,k)-hx(i-1,j,k)))+
- constl un2(in)*i nduef (i n)
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flag=.true.
end if

1465 conti nue

if(flag.eqv..false.)then

ez(i,j,k)= temp2*ez(i,j,k) +
- templ*((hy(i,j-1,k)-hy(i-1,j-1,k))
- + (hx(i-1,j-1,k)-hx(i-1,j,k)))

else if(flag.eqv..true.)then
fl ag=. fal se.

end if

500 conti nue

do 600 k = 2, maxz-1
do 600 j = 2, maxy-1
tenmp=mat (1, ], k)
t empl=t dxdepsi (t enp)
t enp2=ef mat par (t enp)

ex(1,j,k)= tenp2*ex(1,j,k) +
- tenpl*((hz(1,j,k-1)-hz(1,j-1,k-1))
- + (hy(1,j-1,k-1)-hy(1,j-1,k)))

600 continue
do 700 k = 2, maxz-1
do 700 i = 2, maxx-1
temp=mat (i, 1, k)
t enmpl=t dxdepsi (t enp)
t enmp2=ef mat par (t enp)

ey(i,1,k)= tenp2*ey(i,1,k) +

- templ* ((hx(i-1,1, k)-hx(i-1,1,k-1))
; + (hz(i-1,1,k-1)-hz(i,1,k-1)))
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700 continue

do 800 j = 2,maxy-1

do 800 i = 2, maxx-1
temp=mat (i,j,1)
t enmpl=t dxdepsi (t enp)
t enmp2=ef mat par (t enp)

ez(i,j,1)=temp2*ez(i,j,1) +
- tenpl*((hy(i,j-1,1)-hy(i-1,j-1,1))
- + (hx(i-1,j-1,1)-hx(i-1,j,1)))

800 conti nue

k=nozez*3-2
do 900 tenpint=1,k,3
ez(zeroz(tenpint), zeroz(tenpint+1), zeroz(tenpi nt+2))=0.
900 continue

j =nozey* 3- 2
do 1000 tenpint=1,j,3
ey(zeroy(tempint), zeroy(tenpint+1), zeroy(tenpi nt+2))=0.
1000 continue

i =nozex*3-2
do 1100 tenpint=1,i,3
ex(zerox(tenmpint), zerox(tenpint+1), zer ox(tenpi nt +2)) =0.
1100 continue

el se
E-FI ELDS |'S CALCULATED I N | NTERI OR AT TI ME N+1

The following conpiler directive is suited for a SG Power CHALLENGE
mul ti-processor system

*C$ DOACRCSS shar e( maxz, maxy, maxx, ex, const a, nmat , ef mat par, t dxdepsi , hz
*C$& , hy, ey, hx,ez) local (k,j,i,tenp,tenpl,tenp2)
do 501 k = 2, maxz-1
do 501 j = 2, maxy-1
do 501 i = 2, maxx-1
temp=mat (i,j, k)
t enpl=t dxdepsi (t enp)
t enmp2=ef mat par (t enp)

ex(i,j,k)= tenp2*ex(i,j,k) +
- templ*((hz(i,j,k-1)-hz(i,j-1,k-1))
- + (hy(i,j-1,k-1)-hy(i,j-1,k)))

ey(i,j, k)= tenmp2*ey(i,j,k) +
- templ*((hx(i-1,j,k)-hx(i-1,j,k-1))
- + (hz(i-1,j,k-1)-hz(i,j, k-1)))

XLVII



Tuneable DVB-H Antenna in a Small Handheld Device - Tesiin ingegneria delle telecomunicazioni universita di Aalborg -

© Mauro Pelosi - prelevato da www.riccardogalletti.com/appunti_gratis/

ez(i,j,k)= tenp2*ez(i,j,k) +
- templ*((hy(i,j-1,k)-hy(i-1,j-1,k))
- + (hx(i-1,j-1,k)-hx(i-1,j,k)))

501 conti nue

do 601 k = 2, maxz-1

do 601 j = 2, maxy-1
temp=mat (1,j, k)
t enpl=t dxdepsi (t enp)
t enmp2=ef mat par (t enp)

ex(1,j,k)= tenp2*ex(1,j,k) +
- templ*((hz(1,j,k-1)-hz(1,j-1,k-1))
- + (hy(1,j-1,k-1)-hy(1,j-1,k)))

601 continue
do 701 k = 2, maxz-1
do 701 i = 2, maxx-1
temp=nmat (i, 1, k)
t enpl=t dxdepsi (t enp)
t enmp2=ef mat par (t enp)

ey(i,1,k)= tenp2*ey(i,1,k) +
- tenpl*((hx(i-1,1,K)-hx(i-1,1,k-1))
- + (hz(i-1,1,k-1)-hz(i,1,k-1)))
701 continue

do 801 j = 2, maxy-1

do 801 i = 2, maxx-1
temp=mat (i,j,1)
t empl=t dxdepsi (t emp)
t enp2=ef mat par (t enp)

ez(i,j,1l)=tenp2*ez(i,j,1) +
- templ*((hy(i,j-1,1)-hy(i-1,j-1,1))
- + (hx(i-1,j-1,1)-hx(i-1,j,1)))
801 continue
k=nozez*3-2
do 901 tenpint=1,k,3
ez(zeroz(tenpint), zeroz(tenpint+1), zeroz(tenpi nt+2)) =0.
901 continue

j =nozey* 3- 2
do 1001 tenpint=1,j,3
ey(zeroy(tenmpint), zeroy(tenpint+1), zeroy(tenpi nt+2))=0.
1001 conti nue

i =nozex*3- 2
do 1101 tenpint=1,i,3
ex(zerox(tenpint), zerox(tenpint+1), zer ox(tenpi nt +2)) =0.
1101 conti nue

end if

return
end
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