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Abstract.

Radar systems are well known since the end of wealdll and are widespread.

The basic concept of radar is relatively simples flystem uses the propagation characteristics of
electromagnetic waves and works by radiating edetsignetic energy in the space and detecting
the echo reflected by the objects (named “targdtie information related to the target is available
in the echo signal: the range, or distance, tdalget is found from the time it takes for the eded
energy to travel to the target and back; the amdatation is detected using narrow beam width
directive antennas (i.e. reflector antennas). Tiktyato discern about the nature and size of the
target depends on the radar resolution which &edlto the bandwidth and to the electrical size of
the antenna.

The physical principles of radar are suitable asothe weather radars, used to detect the
precipitations at long distance, where the "obpééhterest” (the target) are the particles of rand
clouds. The detection of these objects involvesragerating at multiple frequencies located in S
and C bands, where the wavelength (from 15 to 8éat&imeters) is comparable to the size of
hydrometeors.

Radar systems use directive antennas, such dsamieally steered parabolic reflector antennas
and planar phased arrays. Aim of these antennts @gencentrate the energy in a narrow beam
width of about 1° or 2°. This characteristic notyoconcentrates the energy on the target itself, bu
also permits a measure of its direction.

In this work we have studied the substitution diietor horn feeds with printed log-periodic planar
feeds in order to obtain the same performance ef ltbrn antennas, but with considerable
advantages in terms of weight and cost. The deslidag-periodic feeds has been focused on the
feed antenna network, and their possible improvésneith respect to the state-of-the-art.

In the first chapter, a general description of ragigstems is given, introducing the Probert-Jones
equation for meteorological target. The second @mdl chapter provide a brief description of
antennas concepts and an introduction to reflestt@nnas.

The chapter four is fully dedicated to reflectorm@ntennas and printed microstrip feed with a
brief description of the state-of-art.

Finally, in chapter five, three printed log-periodeed for reflector antennas are presented. Tée fi
structure is a printed log-periodic array (LPDAxogting over the C, X and Ku bands. The antenna
feeding structure consist of two coaxial cablesprideer to realize an infinite balun which provides

the required broadband input matching. The secoadial cable mirrors the first one, connected to
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the antenna input, and is capable of both stabgizhe antenna phase center and improving the
radiation pattern. Both the simulated and measuesdlts have show that the LPDA can be
successfully user as a wide band feed for refleanttennas.

The second feed consists of a LPDA operating betvdeand 6 GHz, and fed with a coplanar
waveguide. The structure has been designed stédrong Carrel’s theory, optimized using CST
MICROWAVE STUDIO 2012 and then realized. The congaar between simulated and measured
results shows that the proposed antenna can beasse@d for reflector broadband applications in
the whole operating frequency band, with a vergdgmput matching and a satisfactory endfire
radiation pattern.

The results obtained with these two printed LPDAvded the starting point for the design of a
high gain “V-shaped” log-periodic feed for weatlmadar applications, operating in S and C band
and fed by the dual coaxial cable configuratione Tdeveloped feed provides very good input
matching and a symmetric radiation pattern botltiplane and H-plane, with a reasonable gain
over the whole operating bandwidth. This feed mayrédcommended for usage in weather radar
systems having a transmitting power less than 480 &lowing a discrete operational range.
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Chapter 1.

Radar Systems

1.1 Introduction [3].

The basic concept of radar is relatively simples fystem uses the propagation
characteristics of electromagnetic waves and wbsksadiating electromagnetic
energy in the space and detecting the echo reflebte the objects (named
“target”).

The information related to the target is availabléhe echo signal: the range, or
distance, to the target is found from the timeakess for the radiated energy to
travel to the target and back; the angular locaisodetected using narrow beam
width directive antennas. The ability to discerroatbthe nature and size of the
target depends by the radar resolution which etedlto the bandwidth and to the
electrical size of the antenna. The radar is anmveaallevice, able to detect
electrically small objects at near or far distancasd, unlike the optical and
infrared sensors, it does not depends on the weatinelitions.

From an historic point of view, the first radar égpwere bi-static devices with
two different antennas: one transmitting the signahe surrounding space and
the other one receiving the echo from the targdte Tistinction between
receiving and transmitting antenna was overcomé Wie mono-static radars,
where the same antenna works both in transmittmyraceiving mode: for this
reason, the mono-static radar system is equippedanecoupling and protection
system which processes the received and transmsitjedls.

The various parts of a radar system are showngurdi 1.1: the duplexer is the
device which allows to employ a single antenna bisthtransmission and
reception. The emitted radar signal is usually @etiive train of short pulses
radiated into surrounding space by the antenna.

Reflecting objects (the targets) intercept andadkate a portion of the radar

signal, a small amount of which is returned in thection of the transmitting
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station. The returned echo signal is collectedHgyradar antenna and amplified
by the receiver, that allows also to “clean” theeiged signal by the noise.
Afterwards, the output of the receiver is electecaily processed in order to

automatically recognize the presence of targets.

ANTENNA

| POWER WAVEFORM
DUPLEXER [*1 AMPLIFIER [ GENERATOR

LOW-NOISE
AMPLIFIER

|
LOCAL IF | MATCHED SECOND | VIDEO
OSCILLATOR [~™] MIXER =1 sypiiFiER | FILTER | *|DETECTOR| = |AMPLIFIER[ | DISPLAY

|

Figure 1.1. Radar block diagram. [3]

A radar generally determines the location of adtrg range and angle (2D
radars), and the echo signal can provide infoilmnatibout the nature of the
target.

The output power coming from the transmitter isatet! into space by a directive
antenna: mechanically steered parabolic reflectiermnas and planar phased
arrays both find wide application in radar systersn of the antenna is to
concentrate the energy in a narrow beam width afuabl® or 2°. This
characteristic not only concentrates the energythen target itself, but also
permits a measure of its direction.

The shape of the radiated beam (figure 1.2) dependke type of radar: tracking
radars are characterized by a pencil beam, aireslance radars have instead a

fan-shaped beam generated by mechanically rotegfiertor antennas.
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Figure 1.2. (a) Parabolic antenna radiation pattern, (b) Hpontal cross section
of a real measured radiation pattern of a parabdittenna in logarithmic scale,
(c) Air surveillance radar radiation pattern, (djeflector antenna for air

surveillance radar [5].

Although it is possible to employ antennas withchranical movement both in
elevation and rotation, most of widespread civiliair surveillance radars
(primary radars) can detect the azimuth and rangerdmates only. The
acquisition of the target’s height (elevation angte performed by a secondary
system (named “secondary surveillance radar”) whupkrates jointly with the

primary radar and involves the active cooperatibthe target transponder.
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In early radar systems, separate height findingrards with mechanical rocking
motion in elevation were used to determine thedtltoordinate: more recent
three-dimensional (3D) military radars use a singhtenna to detect all three

coordinates (figure 1.3).

@) (b)

Figure 1.3. (a) ASC-Signal 2D S-Band air surveillance rad@r) BAE-Thales
S1850M L-Band 3D air surveillance radar.

The size of a radar antenna depends both on theeney and on its location (on
the ground or on a moving vehicle): at low frequescphysically large antennas
are easy to produce because the mechanical antricaledolerances are
proportional to the wavelength. In the UHF bands timensions of a large
antenna may be of 30.5 meters or more, whered®ingper frequencies (such as
X band) an antenna of 3 or 6 meters is consideney|

Although there have been microwave antennas witimbwidths as small as

0.05°, radar antennas rarely have beam widthghessabout 0.2°.
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1.2.Radar equation [1][3][8].

The performance of radar systems can be descripetiebradar equation: this
expression allows to compute the range of a radarterms of target

characteristics, involved power levels, and antegam (for a more accurate
description of the antenna parameters, see chapter

Let us consider now a generic bi-static radar systé Pr is the transmitting

power andGr is the gain of the transmitting antenna, the Fagn¥ector incident

on a generic object, placed at distaRggis given by:

P
Sobject = TGTz = SO (11)
4Ry
i ..--1| Inecident wave Tatget
¢ Ry 1
I | . R

Transmitting antenna " Re-radiated power

i
/ o
L]
‘4, Receiving antenna

Figure 1.4. Determination of radar equation [1].
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If the object is able to absorb and re-radiatepeer in the surrounding space,

using the expression (1.1) we have:

P=AlS
Por =10 Ry

1.2)
WhereAo is the effective area of the objeB4r is the re-radiated power and
take into account the losses due to the power ptigorby the object. If we
consider a receiving antenna with effective akgalaced at distand&: from the

object, the received power will be:

= GoPor (1.3)
4[R2

R
WhereGo is the gain of the re-transmitting object.
In order to take into account the effects due tpalarization of the receiving and
transmitting antennas, the previous expressio23 ¢an be rewritten as:

P, = AET 5
=T . s
R AnR?

Where A(E’T is the effective area of object related to the poddion of transmitting

antenna, ancﬁ(fR is related to the fraction of the power transmitbgdthe object

in the polarization of the receiving antenna.

By substituting equations (1.4) into equation (Iv@)get:

1 1
2 % E 2
4R, 47TR;

Pe =RG; (G517, A" (1.5)
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The terma is named “radar cross section” of the target ansiiictly related to

physical and electromagnetic properties of theaibje
T =G A L

Using the equation (1.6), the expression (1.5pbess:

p,= G (L7
AT TRIR

In the mono-static radar, where a single antennksviboth in transmission and

reception, taking into account the relations:

>0

1
> 02
> 6 D

and A=(1%/47)G , equation (1.7) can be rewritten as:

RGA¥ _ _ RA (1.8)

i (4nf R* T 4nFR’

From this equation, it is possible to compute tleximum radar rangByax as:

_PRGHWw _ RAW L.9)
(4”)3 [Bu 47° (B

4
Rl\/IAX

WhereSy is the receiver minimum detectable signal.

Despite these equations are simple to calculate know the radar equation, the
determination of the maximum ran&gax is not immediate: as a matter of fact,
expressions (1.9) are useful for a rough computaiiche range performance and

do not give realistic results. There are at least ithajor reasons why the simple
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form of the radar equation does not predict witlbuggh accuracy the range of
actual radars: first, it does not include the vasitosses that can occur in a radar;
second, the target radar cross secticend the minimum detectable sigr&y
are statistical in nature.

For present purposes, we will consider only theattaristics ofSyn, which is a
statistical quantity, and, to be reliably detedigdhe system, it must be 10 or 20
dB larger than noise. The minimum detectable $igaa also be expressed as the
signal-to-noise ratio required for reliable detewcttimes the receiver noise which
is related to the thermal noise produced by anl ideiver.

In general, the thermal noise can be expresseK 86[B, whereK is the
Boltzmann’s constantT is the temperature and is the receiver bandwidth;
taking into account these considerations, it issgds to express the receiver
noise as the product of the thermal noise by tbeiver noise figuré&y relative to

a reference room temperatufg=290K: at this temperature the produkt(T, is

equal t04*102* W/Hz. Therefore, the minimum detectable sigSaly can be

written as:
S
Sun = KT, [BLF, Gﬁ (1.10)

Sometimes, the factor,F, is replaced withls, the system noise temperature. A

more precise expression of (1.10) allow to exp&gsas a function of the signal-
to-noise energy rati&/Ny. For a rectangular pulse of widththe signal power is
E/r, and the noise power NoB, whereNp is the noise energy, arl is the

receiver bandwidth. With these assumptions equ&lidi®) becomes:

Sun = KT, [F, G’\'IE—G} (1.11)
0
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By substituting into equation (1.9) we obtain:

E,GlAlo (1.12)
Af’ KT,F (E/N,)

RI\/IAX=(

Where E; =R [7is the energy contained in the transmitted signaveform.

Equation (1.12) allow then to calculate the maximange of a radar equipped
with A effective area antenna illuminating a target witladar cross section.
In radar applications, where the tracking is thempry function, the previous

equation becomes:

Pt [GIAlD

1.13
47f KT,F,(E/N,) (1.13)

RMAX:(

In this expressioty is the interval of time where the radar tracksticaously the

target, andP,, = E; /t,is the average power employed by the system.

Thus, a long range tracking radar requires highesbf average pow@nay, high
values ofty (time on target), and, independently of systergueancy that does not
enter explicitly in the determination of equatidhl@), the radar antenna must
have both large electrical and physical size.

Since it is easier to mechanically move a smaleama than a large one, the
tracking radars usually operate at high frequendiesorder to utilize small
aperture antennas with high gain and adeq@t& product. Tracking radars are
usually designed to obtain a good angular accuradych is achieved with
antennas having a high gain G (narrow beam widts), high values of ratio

E/N,(large effective areas A).
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1.3. Radar frequency bands [3].

According with the assertions of the previous pexps, any device which
employs the electromagnetic energy to locate atarging the reflected echo can
be considered a radar. From a generic point of vibere are no limitations

regarding the operating frequency bands: histdyicahdar devices have been
developed to operate at frequencies from a few hextga up to a dozen of
gigahertz.

The basic operating principles are the same atf@guency, even though the
system implementation is widely different and dejsean the frequency itself.

In table 1.1 a subdivision of electromagnetic speut according with the

standard radar frequency letter band nomenclatisrehown:

Specific frequency ranges for

Band Nominal radar based on ITU
designation frequency range assignments for Region 2
HF 3 MHz-30 MHz
VHF 30 MHz-300 MHz 138 MHz-144 MHz
216 MHz-225 MHz
UHF 300 MHz-1000 MHz 420 MHz-450 MHz

890 MHz-942 MHz
MHz-2000 MHz 1215 MHz-1400 MHz
2000 MHz—4000 MHz 2300 MHz-2500 MHz

2700 MHz-3700 MHz

g

C 4000 MHz-8000 MHz 5250 MHz-5925 MHz
X 8000 MHz-12,000 MHz 8500 MHz-10,680 MHz
K, 12.0 GHz-18 GHz 13.4 GHz-14.0 GHz

i15.7 GHz-17.7 GHz
K 18 GHz-27 GHz 24.05 GHz-24.25 GHz
K, 27 GHz-40 GHz 33.4 GHz-36.0 GHz
\'J 40 GHz-75 GHz 59 GHz-64 GHz
w 75 GHz-110 GHz 76 GHz-81 GHz

92 GHz-100 GHz

mm 110 GHz-300 GHz 126 GHz-142 GHz

144 GHz-149 GHz
231 GHz-235 GHz
238 GHz-248 GHz

Table 1.1: Radar frequency bands. [3]

This subdivision is universally employed in rad@gplcations and derives from
the code letters (P, L, X and K) born during Wowithr 1l for secrecy purpose.
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After the end of war, these designations remaaretiother letters were added to
indicate new regions of the electromagnetic spettru

The letters are an useful way to specify the opegatdar band without using the
exact values of frequencies: this is an importaattcal feature, particularly in
military applications.

In the third column of table 1.1, the specific naff@quencies allowed for ITU
Region 2 (North and South America) are shown: gsa@nt, only a part of
various bands is reserved for radar applicatiam®ther ITU Regions (Region 1:
Africa, Europe and North Asia; Region3: South Aama Oceania) the distribution
of radar frequencies is virtually the same.

HF Band (3 to 30 MHz).
Historically it was the first frequency band usedadar applications.

The air surveillance radar grid installed by GrBatain during the World War |l
operated at these frequencies.

Despite the achieved results, the radars workingHgt band have several
disadvantages. Since the antenna beam width écthyirproportional to the
wavelength, and inversely proportional to the azeantenna itself, in order to
obtain a narrow radiated beam a HF radar antenrsa lbewery large.
Furthermore, we have at least two other main probleelated to HF band: first,
the high level of noise due to the back ground cé$fethe target detection
capability of the system; second, some objects apypery small compared with
the HF wavelength, and, with respect to microwaeguencies, their radar cross
section might be reduced.

Currently, this frequency band is used only in @&H (Over The Horizon)
Radar: as a matter of fact, at these frequencies réfraction of the
electromagnetic waves by the ionosphere allowshi@io ranges from 900 to
3500 kilometers, and to detect aircrafts and otdwgyets beyond the horizon. This
property makes of the HF region of spectrum quitieaetive for the radar
observation of areas not practical with a converationicrowave radar.

21



VHE Band (30 to 300 MHz).

The radars operating at this frequency band weveldped during the years of

World War I, and represented the best of firstayation radar systems until the
advent of microwave radars.

Similar to shortwave radars (HF), the 30-300 MHmndallows to handling high

transmitting power; for this reason, the operatiegtures are similar to those
described in HF systems: narrow radiated beamange lantennas.

In this frequency range, the performance is notcaéid by the reflections from
rain and the techniques used to reduce the tasgr rcross section (stealth
technigues) are quite ineffective.

As the HF band, a very interesting feature of theskar operating at relatively
low frequencies is the possibility to increase mha&ximum range of detection up
to twice: when a signal is transmitted with horitadrnpolarization over a good

reflecting surface (such as the sea), the consteuatterference between the
direct and reflected wave from the surface canlréswa substantial increase in
the maximum range against aircratft.

The VHF band is a good frequency band for cheaparsadnd for long-range

radars, such as those for the detection of sa®llibut in spite of its many
attractive features, there have not been many @gimns of radar in this

frequency range because its limitations and thi bigernal noise do not always

counterbalance its advantages.

UHF band (300 to 1000 MHZz)

Many features related to previous radars classeb, & the low impact of rain on

the received signal, are suitable in the UHF band.

In these frequency ranges, however, the effectsarfnal noise are weaker and it
is possible to obtain radiated beam narrower thaVHF band.

The UHF band is useful to realize long distancevellance radars with
sufficiently large antennas, employable to detedtagerrestrial targets, such as
spacecrafts and ballistic missiles.
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L band (1 to 2 GHz)

The L band is mainly employed for the land-basetyicange air surveillances

radar (ARSR): at these frequencies, where the mait@oise is low, it is possible
to achieve good range performances (typical ARSRrraave a maximum range
of about 400 kilometers), and high power with nartmeam width antennas.

In L band also operate military 3D radars suclthesSMART-L, but they also

are at S band (such as AN/SPY-1 passive electibngmanned system)

Sband (2to 4 GHz)
In the S band operate some air surveillance rgfigtge 1.5) such as the TASR-

2020S, but the characteristic of long range is ndifecult to achieve than at
lower frequencies, because the echo due to theceainsignificantly reduce the
maximum range.

The S band is also employed in long-range weatdars for an accurate estimate
of rainfall rate, and in medium range air surveitla applications, such as the
ASR airport surveillance radar found at air ternsnd@he narrower beam widths
at this frequency can provide good angular accuea resolution, and make it
easier to reduce the effects of hostile main-beamming that might be
encountered by military radars. Long-range airb@mesurveillance radars, such

as AWACS (Airborne Warning and Control System) alperate in this band.

Figure 1.5. TASR-2020S S-band air surveillance radar
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C band (4to 8 GHz)

The C-Band can be described as a compromise betlweeéhand X band, though

it is difficult to make long air surveillance radaat this or higher frequencies. The
C-band is used to design long-range precisionungtntation radars for missiles
accurate tracking, and to design both multifuncpbased array air defense radars
and medium-range weather radars (figure 1.6).

Figure1.6. ASC SIGNAL C-band weather radar.

X band (8 to 12.5 GHz)

In the X-Band operate military weapon control rasiggtems and devices for civil

applications. Other equipments working at thesejueacies are shipboard
navigation radars, Doppler Navigation radars andcgs employed by the police
to detect the speed of cars.

X-Band radars are characterized by convenient sizd,are thus of interest for
applications where mobility and light weight arepontant, and long-range is not
such as high resolution radars: as a matter of fcthese frequencies it is
possible to achieve narrow beam widths with retgiemall-size antennas.
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Ku, K, Ka bands (12.5to 40 GH2z)

Not many radar applications work at these freques)cibecause we have

limitations due to rain clutter and high attenuatlwy the atmosphere. However,
even if it's difficult to generate and radiate powe this region of the

electromagnetic spectrum, these frequencies aipt@fest because of the wide
bandwidths and narrow beam widths that can be aetieith small apertures: an
example of device operating in this band are thebKund high resolution radars

for the location and control of ground traffic etairports.

Millimeters Wavelenghts (above 40 Ghz).

This band is characterized by high attenuationtantigh clutter due to the rain.
The exceptionally high attenuation caused by th@apheric oxygen absorption
line at 60 GHz precludes serious applications m vitinity of this frequency
within the atmosphere. Therefore, the 94 GHz fregyeregion (3 millimeters
wavelength) is generally what is thought of asypitial" frequency representative
of millimeter radar: an example is the "mini-raddeéveloped in the 2001 for the
ground traffic control at airports.

The millimeter-wave region is more likely to beinferest for operation in space,
where there is no atmospheric attenuation, angHort-range applications within

the atmosphere, where the total attenuation isangé and can be tolerated.
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1.4. A brief summary on some radar systems[3][4][5].

The various radar systems may be classified int@raé types according with
their use.
A very important category is the air traffic contradar used in civilian and

military applications. Depending on their operatdigtance we can distinguish:

* The “en-route” radars operating in L band for tbed-distance control of
aircraft (the maximum range achievable by thesersads up to 450
kilometers).

* The Air Surveillance Radars (ASR) used for the idieation and the
determination of aircraft approach sequence by ainetraffic security
operators.

e The Precision Approach Radars (PAR) employed tdeythe aircraft to
safe landing in zero visibility approaching conaiti(figure 1.7).

* The Surface Movement Radars (SMR) operating ifahd traffic control

in the airport surface.

Figure1.7. TC-Z precision approach radar RP-5 Gl.
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Common military radar systems are all the deviceamted aboard of the military
ships such as: surface search radars, air seatahsyaneight finding radars and
various fire control radars.

The primary function of a surface radar is the cled@ and determination of
accurate range and bearings of surface targetslamdlying aircraft, while
maintaining a 360° search for all target withinekof-sight distance from the
radar antenna.

The purpose of the air search radar (figure 1.8eely the same of the previous
type: its main function is exclusively the deteration of range and bearings of
aircraft targets; jointly with the air search raddme height finding radar, which

calculate more accurately all the space coordinatearget, is typically used.

(b

Figure 1.8. (a) THALES LW-08 surface surveillance radar, (B) EXELIS
AN/SPS 48 3D air search radar.

The main difference between these two systemseiditfher operating frequency
of height finding radar in addition to the highewer output and much narrower
vertical beam width.

Finally, the fire control radars (missile and gumtrol radar) provide information

used to guide the weapons of a ship to a targets@hmadars work at a higher

operating frequency, and employ a dish-shapednaatdéo produce circular
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beams (figure 1.9). In most recent military shipgjr task is achieved (especially
with regard the missiles control) by modern mutidtion radar, such as the
EMPAR.

(@) (b)

Figure 1.9. (a) AN/SPG-62 fire control radar, (b) EMPAR multittion radar.

The technical features of surveillance radar aralsie to another class of radar
systems: the weather radars. The main differennsists in the characteristics of
the observed target: in navigation and air suraede radars, the target can be a
ship, a plane or a more generic flying object. Omiegected, the target is
completely described by its range, speed, angulesitipn and physical
characteristics related to its radar cross section.

In the weather radar, the shape of “object ofreg® is considerably different:
the particles of rain and clouds are much fluichtlageneric moving target and
their velocity is normally considerably lower witiespect to a plane or other
flying machine.

The detection of snow, particles of rain and clounigolves weather radar
operating at multiple frequencies located in S @nloands, where the wavelength
(from 15 to 3.75 centimeters) is comparable tosilze of hydrometeors. Since the

attenuation increases with decreasing wavelengenStband radars are the most
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suitable for tropical regions and areas where bamnes, tornadoes and cyclones
are more likely. The S-band radar, however, am@ed|with structural problems:
the antenna size is proportional to the waveleratid, it follows that, to obtain a
narrow beam width, large reflectors are necessary.

To achieve a high maximum range (more than 600miekers), radar weather
system ground based are required to handle higisrtristed power (up to 800-
900 kilowatts). Nevertheless, high sensitive reeeivare required to detect and
identify the atmospheric disturbance, because #weived echo due to rain

particles is weak with respect to macroscopic dbjec

Figure1.10. DWSR-8500S S-band weather radar

Weather radar operating at smaller wavelengths (KXdband) designed for
different purposes are also used in meteorolo@galications: good results in
clouds detections could be achieve by radar working band. In most cases,
however, at these frequencies the atmospheric piiimorcan significantly reduce
the system performances.
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1.5. Theradar equation for meteorological targets[3][5] .

In the weather radar electromagnetic descriptiohge treceived power
backscattered from distributed targets (the hydteors) can be derived from the

general radar equation:

212
:ﬁ_gé‘wgfzém (1.14)
T

R

Where S is a constant related to radar system parametensstitting power,

antenna gain, operating wavelengtR),is the range and is the radar cross
section.

In the determination of the radar cross section nmteorological targets, the
equation (1.14) differs from the one used for pdetgets. A more generic
expression ofs can be obtained using the radar reflectivity intsurof cross-

sectional area per unit volume:

aan:(ZN:aijW (1.15)

In equation (1.15)N is the number of scatterers per unit volume, and the
backscattering cross section of itte scatterer: in the characterization of weather
phenomena, these scatterers can take a variegyrafduch as water droplets, ice
crystals, hail and snow.

If we consider the backscattered energy from aerspherical drop, using the
Rayleigh approximation [6], an expression of ftle scatterer can be written as:

m
o :7|K|2 D° @)1
WhereD; is the diameter of thgh drop andK is a quantity related to the drop

complex index of refraction. From L to X radar bafig|? is equal to about 0.93

for water particles and 0.2 for ice.
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Using (1.16), from (1.15) we have:

N
n=3, K[ o (117)

Z=>Df (1.18)
i=1
equation (1.17) becomes:
T2
="Kz 1.19)

Now, if the scatterers fill the radar beam, an agpnation of the sample volume

Vis given by [6]:

Vv []m/ﬁ+ﬂCH ()]

Whered and ¢ are the azimuth and elevation beam widths, the light velocity
andr is the radar pulse width.
Substituting equations (1.20), (1.15) and (1.16) eguation (1.14), we obtain:

2 2 "
p, = TR 17 o oo PTOLCUK] 5 _BZ (g 5y
R 8 A& AR’ R
y

The termp’ expresses the dependence of the received poweaday system
parameters. From the previous equation, the redgeaverPr is proportional to
Z (radar reflectivity factor), and inversely proporal toR?.

In applications, however, the use of equation (Lf2f the calculation of Z can

lead to errors due to a not uniform antenna gaer twe bandwidth. To avoid this
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problem, we can assume a Gaussian shape for thenanbeam, and, introducing

a correction factor, we can write the received poag[7]:

RGXPgoler
R T 5122 2R DZ (1.22)
This equation can be rewritten as:
_RG’@ler K|z (1.23)

R 512(2In 2) R?A?

Expression (1.23) allows to measure the reflegtifattorZ when the assumption
of Rayleigh approximation is valid, and the scatterare in either ice or water
phase.

Due to high values d factor, often a logarithmic scale is introduced:

dBZ=10log,, Z

Typical values of Z in non precipitating clouds é&es than -4@BZ In case of

rain Z may range from about 2BZto as much as 68BZ with values of 55 or

60 dBZin case of thunderstorms. Severe hailstorms magyzeZ values higher

than 70 dBZ.

Operational radars are generally designed to déteatues ranging from 10 to 60

dBZ, while research applications usually aim fa thaximum possible range.
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Chapter 2.

Antenna Basic Concepts

2.1. Introduction [1].

An Antenna is commonly defined as a “Device, gelherad-shaped, used for
radiating or receiving electromagnetic waves”. sTliefinition, however, is
generic and influenced by the shape of the firstrama types, which consisted of
metal wires or rods. Actually, according with thpesific applications, the
antennas have different shapes and sizes. A mareispr definition (IEEE
Standard Definition of Term for AntennakEEE Std. 145-1983describes the
antenna as “a means for radiating or receivingoracives”: as a matter of fact
the antenna is a transducer placed between thespheeze and a transmission line
(a coaxial structure or waveguide) used to careydlectromagnetic energy from
the source to the antenna and vice versa.

When an antenna radiates in the space, it is anstnitting mode”; a typical
example of transmitting antennas are the televisepeaters. Conversely, if an
antenna receives the electromagnetic radiations itin receiving mode”: an
example of these antennas are the radio telesaoge parabolic antennas.

All antennas can be used both in transmission eoetion: typical examples are
the mono-static RADAR antennas and the mobile plaohennas.

The behavior of antennas in two operating modesqigal, due to reciprocity
theorem therefore, in all the theoretical discussiove will consider the antennas
“in transmission mode”.

From an “electric’ point of view, an antenna can befined through a
transmission line Thevenin equivalent scheme (&gdrl), whereZc is the
characteristic impedance of the transmission lin@é 4, is the antenna complex

impedance defined as:

Z,=(R +R)+ X, (2.1)
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Figure 2.1. Transmission-line Thevenin equivalent schemeaeima [1].

In equation (2.1)R_ is a resistance that identifies the antenna digtdossesR

is the antenna radiation resistance and the imagitem X, is the reactance

associated with the antenna radiation.

In ideal conditions, where all the devices are withlosses, the energy of the
generator signal should be transferred to the tiadiaesistance; in a real system,
if we neglect the internal generator impedance #rel reflection losses, the
maximum power is transferred to the antenna undmmjugate matching

conditions.
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2.2 Antenna Radiated Field and Radiation Pattern [1][3] .

An antenna is, a device able to radiate electromiagypower in the space; it is
therefore useful to introduce an appropriate comid system which allows to
determine the fields produced by the antenna.

Considering a generic antenna, we will use a $pdderoordinates system with
origin placed in the center of symmetry of the anteitself in order to locate a
point in the space. A generic point (figure 2.2)dentified by the radiuR and by
angles ¢ (which identifies the elevation plane) ar®l (which identifies the

azimuth plane). In this coordinates system, a saredement is described by:

dA=r?send[HO g . (2.2)

r sin 0 i

o = 2 sin 0 di) i

Elevation plane

Figure 2.2. Spherical coordinate system [1].
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In order to determine the electromagnetic fieldiatedl by the antenna, we will
consider the antenna as a set of elementary dipmbelsthe total field as a sum of
each single source contribution.

Let Q be a generic point placed far away by theege source (figure 2.3), far
enough that the phase delay due to any elementtefi@a can be neglected; the

total electric field is given then by the equation:

_ S cin ) 2 A
ETOT—jWEa‘ sind i, j|(P)ma dz (2.3)

antenna

L

Generic Source

Figure 2.3. Antenna total field computation

In the equation (2.3)) =1, EIA(P) is the antenna current distributios,is the

operating wavelength, and the quantity betweenketads the éffective heiglit

of antenna.

Closely related to the determination of the anéeslectromagnetic field is the

radiation pattern. The antenna radiation pattagufé 2.4) is a three-dimensional
plot of electromagnetic energy radiated in the sdacthe antenna, and provides

a graphical representation, in the selected coatdirsystem, of field spatial
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distribution and of the radiation properties of eamta (power flux density,

directivity and field polarization). More frequenttwo-dimensional plots are

employed for a more simple representation: thests @re cuts of the 3D pattern
in a given reference axis of antenna.

A more generic pair of orthogonal principal plame$requently employed: these
planes for a generic antenna are called E-Plamaépbf electric field vectdE)

and H-plane (plane of magnetic figt.

/ Main lobe

Minor lobes v Side lobe

Back lobe

Minor lobes

Figure 2.4. Antenna radiation pattern [1].

A radiation pattern can hisotropic directional and omni-directional The first

term is related to an ideal antenna without losgesh radiates in the same way
in all directions, the second is referred to a m@kenna where the properties of
transmission or reception are stronger in somectiines than others, while the
latter denotes an antenna with a non directiordibtimn pattern in a given plane

of space and directional in any plane horizontal. to
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As shown in figure 2.4, various parts of a radmatjgattern are referred to as
“lobes, which may be sub-classified intaajor (or main), minor, side andback
lobes.

The main lobe contains the direction of maximuradration: an antenna has one
or more main lobes; in the radar antennas the toa has circular cross section
and we refer to it as “pencil beam”. The lobe ledaat 180° from the main lobe is
defined as Back lobé.

The main beam angular extent is one of the maitufea of antenna itself. A
guantity related to it is the half-power beamwidtigt occur at 3 dB to maximum
and measures the resolution of an antenna: in ragjglications, two identical
targets having the same range are said trdsolved in angle”if separated by
the half power beamwidth.

A large number ominor lobesexists outside the main lobe region: the lobes nea
the main beam are calledkiie lobe§ and are commonly expressed by the
highest peak level with respect to the maximum ke main lobe. In radar
systems, the presence of side lobes in the radigtédtern can be a source of
problems because the energy radiated by the antamns also in different
directions with respect to the main lobe. For exani a radar antenna is
designed to detect low flying aircraft targets, #ide lobes can receive strong
echoes by the ground (named “clutter”) which magdthe weaker echo coming
from the target with a low radar cross section.

In order to avoid these problems, the requestesllsiges for radar antennas must
be as low as possible. The optimum side lobe lalepends on specific
application, and side lobes level of 20 dB below thaximum are acceptable for
most applications: a typical reflector antenna veithorn feed has a first side lobe
23 or 28 dB below the maximum.

38



2.3. Antennas principal parameters[1].

In this section we will describe some of the qu#diused in the analysis and
synthesis of antennas.

From a source point of view, an antenna can bsidered as a resonator (more
or less ideal) where a large part of power digeghan the resistance of the
resonator is radiated into space. In general, @ebected the antenna operating
frequency, its length (or its spatial dimensiorssfietermined using a multiple of
the wavelengthi: for example, the length of a dipole antenna isallg set equal
to A/2.

A very important parameter for an antenna is itsated power. Let us consider
the expression of the Poynting vectSrfor a generic point located at great

distance from the source:

I ey
L logrn @

N [

Lo
S= o E

where h(6,¢) is the effective height introduced in the equati¢h3); this
parameter is characteristic for each antenna aloevalto determine both the
radiated field and the amplitude of radiated powdsing equation (2.4) we

obtain:

Pewo = | S, ms=gG|—j|h(e,¢)|2dQ (2.5)

Where the integration operation is extended toathele space. Starting from this
expression, if we consider that an antenna is ectrét circuit, the antenna input
power can be expressed by a sum of two terms:athiated power in the space
(calculated by the previous equation) and the pogissipated in the antenna

itself:
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I:)IN = I:)RAD + I:)D (26)

For an ideal lossless antenna, the dissipated p&yels equal to zero and
PD=P|N.

A parameter related to the effective height of angeis the effective area, given

by:

_ & 2
Ay = IR, h (2.7)

In addition to losses due to dissipated powersinecessary to consider the
reflected power from the antenna itself: a measdirihis effect is the reflection
coefficient!". If Za is the input impedance of the antenna Zads the impedance
of the feed line, the expression of the reflectoefficient is:

Z,-Z
=ZA TC (2.8)
Z,+Z.
The parametef” is equal to zero only if the antenna is matchet ws feed line.
A parameter related to the reflection coefficienthestanding wave ratigSWR,
which measures the amplitude of the reflected wawéhe antenna. ThBWRis

given by:

SWR=1+—|r| (2.9)
1-r]

The minimum value o8§WRoccurs wherd =0 (SWR=).
One of the most relevant parameter of an antensathe directivity. The
directivity, according with the IEEE Standard definitions @&frfs of Antennas,
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can be defined agHe ratio of radiation intensity in a given diremti from the
antenna to the radiation intensity averaged over ditections. The average
radiation intensity is equal to the total power raigd by the antenna divided by
4z. If the direction is not specified, the directiohmaximum radiation intensity is
implied’.

The directivity is therefore a measure of the cdpgbof an antenna to
concentrate the radiated power in a certain dwactand according with the

previous definition, its mathematical expression is

D(6.¢)= J;TWM (2.9)

e

High values of directivity imply that the antennadiates principally in a
relatively small area of space.

In general, since the radiated power is not easlytrollable, in equation (2.10)
the parameter normally used to describe the radigiroperties of the antenna is
thegain, obtained by substituting in the equation (2.tt@) radiated powdPrap
with the input powePyy:

G(6,¢)= lim M (2.11)

iz P

The gain and the directivity of an antenna areteeldy the expression:
G(6.¢)=n1D(6.9) (2.12)

Where 0<x¢<1 is the antenna efficiency and take in to accobateffect of non-

ideality of the antenna itself.

If the antenna is without losses;1, and the gain coincides with directivity.
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High-gain antennas (with highly directional mairabg are used in RADAR and
radio-astronomy applications to focus a large pantadiated power in a given
area of space.

A simpler expression of (2.11), which allows toatdéte the gain starting from

the effective height and the input impedance chrtenna, is:

G= ﬂgi(ﬂj @1
R, A

Using (2.7) and (2.13), it is possible to obtairektion between the gain and the

effective area:

2
§=2—:>G=A/'1—72T (2.14)
7T

Another very important parameter that characterites antennas is the
bandwidth. The bandwidth of an antenna is defingtl] as “the range of
frequencies within which the performance of antenmhith respect to some
characteristic, conforms to a specific standard”.

This parameter can be expressed as the rangeqokfieies (centered on a center
frequency which usually is the antenna resonan@gufncy) where the
characteristics, such as input impedance, shapdthwiand direction of the
irradiated beam, polarization , side lobe leveingand efficiency of irradiation,
do not vary significantly with respect to the cenfrequency. Since the various
parameters that characterize an antenna do nassexdly have the same
frequency behavior, this definition of bandwidtmist “unique”.

In general, the bandwidth is usually expressechasrdtio between the highest
and lowest operating frequency: for example, a wadtth of 10:1 indicates that
the highest frequency of operation is 10 timesdatgan the lowest one.
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2.4. Examples of type of antennas[1].

In this section we describe a brief overview ofimas types of antennas.
The famous and familiar antennas, are undoubtdty wire antennas. As a
matter, wire antennas are widespread: thus areosmegblin cars, in buildings, in
aviation and in many other areas. Wire antennas rasyume different
configurations such as dipole, loop and helix an&s (figures 2.5): these devices
are the easiest radiating elements to fabricatktlaeir performance depends only

by the length and thickness of the wire.

Helix Antenna

Dipole Anterma

Figure 2.5. Example of wire antennas .

In industry and in aerospace applications, aperamennas are widely used
(figure 2.6). These devices, obtained by truncatesleguides, are employed in
high frequency bands and they can be covered wetedric material, in order to

protect them by atmospheric agents.
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Pyramidal Horn Cylindvical Horn

Figure 2.6. Example of aperture antennas .

A very important antenna family is the group of rostrip patch antennas (figure
2.7), that may assume many different shapes. Tih &f devices became very
popular in the 70s, thanks to their widely use pacg and astronautic
applications.

Today, due to their interesting characteristicgaafiation, and to the facility of
manufacturing, the patch antennas are employed li@wrge number of areas,

including also aeronautics and mobile communicgatio

o 1
\_ Retanguiar

=:.---“"" Microsirip

Patch

P

Diedactric
Subsirate

Figure 2.7 Example of rectangular microstrip patch antennagh coaxial
probe.
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In many applications, the request is to obtain highin and particular
characteristics of radiation not achievable wiirayle radiating element.

A solution to this problem are the arrays: thepsist of group of several single
antennas (figure 2.8), suitably disposed, and #flatv to obtain high gain ad

desirable radiating beam shape.

Microstrip patch array Wired anrennas array

Figure 2.8. Example of array antennas
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2.5. Radar antennas examples[3] .

The radar devices are grouped in two main categotine “search or surveillance
radar”, where the coverage of a wide space regi@msured by a quick and rapid
rotation of an antenna with a characteristic faapsil beam (figure 2.9) ; and the
“tracking RADAR?”, that follows the target once ia$ been detected.

Figure 2.9. Fan beam example.

The high gain and the narrow beam width requiredddar antennas is achieved
by phased arrays and reflector antennas: in thesegharrays the number of
elements and their mutual coupling allow to obtinarrow beam width (figure
2.10). In the surveillance RADAR the coverage ofdeviangular regions is

performed by changing the beam direction usingathay feeding network.
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Figure 2.10. Phased array radar antenna.

On the other hands, in the reflector antennas r@ig2i11) the principles of
geometrical and ray optics are employed to obtagh bain while the mechanical
rotation of the antenna provides the coverage @fsgface region surrounding the

antenna.

Figure 2.11. Rotating reflector radar air surveillance antenna
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Chapter 3.

Reflector Antennas

3.1 Introduction [1][2] .

The reflector antennas may exhibit a wide varidtyslmapes and feed systems,
depending on their applications. Reflector anterrga® been employed since the
discovery of electromagnetic waves (Hertz, 1888)rimy the World war II, the
birth of RADAR applications for aerial target dedien, resulted in a huge
progress of reflector design and analysis techsique

In the ‘60s, the massive satellite communicationd the requirement of high
antenna performance and gain, led to achieve miawig lof reflector antennas.
Although many geometrical configurations are pdssif.e. plane reflector,
corner reflector), the most popular shape is thalfeof curved reflectors.

The best known antenna curved reflector consista gdarabolic conducting
surface (figure 3.1) with verteX (symmetric point of surface), diametgrand
focal lengthf , illuminated by a device (the feed) placed i@ fhcusF: the feed is
usually located in front of the dish, and this ¢gufation is knows agont fed

r O
Reflector surface + Plane wave

Figure 3.1: Parabolic front-fed configuration.
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With this configuration, it is possible to achienagliated fields with high gain and
minimum beam width.

If the size of the dish is greater than the opeeatvavelength, the feed can be
considered as a point source for the paraboloid. d&pmetrical optics
considerations, a beam of ray originated by a psmirce placed in the focus,
after reflection from the parabolic surface emerges plane wave, identified by
a parallel beam with the same direction of theeibn surface axis. We refer to
this parallel ray formation as *“collimated”. Therrte “collimation” is also
employed to describe the highly directional chagastic of antennas.

However, especially in radar systems, the reflectdline can vary depending on
the requirements (figure 3.2): the oblong refle¢ttamed also “orange peel”) is
employed if the azimuth and elevation beam widthunements are different
(figure 3.2b); the offset configuration (describ&der) is used to avoid the
blockage losses (figure 3.2c). Finally, the corn&rsnost paraboloidal reflectors
are rounded (figure 3.2d), mitered (figure 3.2e¥t@pped (figure 3.2f) in order to

minimize the area of the antenna and the torqueinexdjto turn the antenna.

- = &

~ (a) (b) ()
(d)

fe) f)

Figure 3.2. Paraboloidal reflector outline [3].

49



3.2 Reflector Analysis: physical optics approximation [1][2] .

In this sections the radiated electric field ofe#lactor antenna will be calculated
using some physical optics considerations. Therohation of the radiation
characteristics (gain, efficiency, polarization,ttpen, etc.) of each reflector
antenna requires the evaluation of the currenterréflector surface induced by
the feed. Considering a generic conducting suyfdeecurrent density, namdg

can be expressed by the equation:

J. =i, xH =i, x\H

+ Href) (31)

inc

where Hjrc and Hyet are the incident and reflected components of tlagmatic
field andi, is a unit vector normal to the surface.

If the overall size of the reflector and its radaicurvature are large compared to
the wavelength of the incident wave, it is posstblestimate the reflector surface
with an infinite plane surface (this condition iscally met for a parabola).

Therefore, using the method of images, we have:

i_aninc :i_anref (32)
Thus, replacing in equation (3.1)
izi_nxmﬁ_Href):Zi_anref:anx% (33)

The approximation of physical optics is very acteia the center of the reflector
surface and it is useful in the computation of rtien lobe and first side lobes of
the antenna radiation pattern.

Let R be the reflection matrix for a generic plane wawgdent on the reflector
surface with arbitrary polarization ar{®, y, z)a set of rectangular coordinates

with z axis orthogonal to reflector. The equati8r8j can be rewritten as:
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i (e R

It is possible to define th& matrix by the product of the surface impedance
matrix Z, related to the electric properties of the retlecsurface, and the
impedance wave matrW , that characterizes the incident wave direction:

R=(W+z) fw+2) (35)

If Sis the Pointing vector of the incident field oretheflector surface, the/

matrix can be written as:

_¢&[--s) sTI5
V=V_SEE S, [ —(1—Sy)2J (3.6)

Generally, the reflector surface is made of constaahaterial, and this allows to
write theZ matrix as the null matrix if the material is petf@lectric conductor.

On the other hand, if the material is a good cotalydhe Z matrix is given by:

K,
Z= 25—0(“1)@ (3.7)

WhereK is related to the incident wavé,is the characteristic impedance of air
ando is the material conductivity.

This technique allows to determine accurately thiector far-field, and is
suitable for any reflector shape (even grid refiext

Despite its flexibility, the physical optics appnaration is computationally heavy;
less accurate results, but expressed in analytical, can be obtained by using

the geometric optics approximation.
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3.3 Reflector Analysis: geometric optics approximation. [2]

The radiated field of reflector antennas can bduatad analytically by using
geometric optics approximation. This approach isable because the reflectors
are usually large in terms of wavelength. Takintp iaccount the ray optics
theory, it is possible to consider the electromégrfeeld locally as a plane wave
that travel in straight line inside a homogeneowslian In presence of obstacles
the plane wave is reflected or refracted accortingnell’s law. It is also possible
to consider the power of the electromagnetic wavioaving in a flux tube where
the electric and magnetic fields are mutually ogthmal to the rays. When the
wave is reflected by a perfectly conducting planefaxe, the power of the
reflected and incident wave is the same. The fieldsndH travel inside the flux
tube and, in absence of refraction, their polawwratand orientation do not
change.

Let g(%,¢) be a conical flux tube with origin in the focustbke reflector (figure
3.3). The quantityg(9,¢) (whered is the angle with respect to the normaif the
reflector, andy is the rotation angle around its axis) represédmtsamplitude of
the Poynting vector travelling towards the dish,ilesihe ratiog(9,¢)/r? is the
power per unit area radiated by the feed. Thedewdi power in an angular sector

of the reflector can be written as:

P(0,¢):rzsin0m6d¢EM: (8, 4)Bing @Al (3.8)

r.2
After the reflection over the surface of the dislie incident rays emerge as a
cylindrical flux tube; since the reflected powereigual to the incident power on
the reflector surface, starting from equation (3v8)find that:

P(6,4)0 3in6LEgro = g @,9)sinOH&@

Wheredp is the width of the reflected flux tube on the r&ypee surface.
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L
1 Feed horn

Aperture surface

Figure 3.3 Paraboloidal reflector antenna [2].

The previous equation can be rewritten as
1 dé
P(6.4)=9(6.0) B&dp (3.9)

Eq. (3.9) represents the power density per uné arethe aperture surface.
If f is the reflector focal length, the profile of ttish is described by:

L (3.10)
1+cosd

By replacing the expressigirrsing in equation (3.10), we obtain:
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_2f[siné

" 1+cosf
(3.11)
do_  2f
dé 1+cosd
And hence:
1. dé (1+cos8) 162

P(&,¢)=qlé, —Bd—: 0,9 ———=90,0)+—— 3.12
(6.4)=9(6.0)- ” 96,0, 5= w)(4f2+p2)2 (3.12)

Equation (3.12) shows that the field distributiam the aperture surface depends
both on the feed radiation pattern and on geometitsiderations. According
with the above equations, the directivity of thaemma is maximum when the
incident power on the reflector surfae@,p) is constant. This implies thg(9,¢)
must be proportional tdco$(9/2).

In order to obtain a uniform illumination for theflector surface, the feed power

pattern should be:

o
IA
)
IN

NS

seé‘(ij
g(6.9)= (3.13)
0

()
v
N[

Wherey is the overall angular aperture of the reflecfigufe 3.4).
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Reflector surface

o R=p=r*%inD, . = rrsing2

Figure 3.4: Angular aperture of reflector.
Equation (3.13) describes an ideal and unfeasineliton, although much effort

has been dedicated to design feed with power pa#tersimilar as possible to

these characteristics.
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3.4 Reflector analysis: performance and gain losses [2].

In real operating conditions, a part of the radidfield coming from the feed is
not intercepted by the reflector. This degradatdrthe antenna performance,
named “spill-over loss”, (figure 3.5) is due to aetddleal feed radiation pattern,

and can be expressed by the efficiency fagtor

2mp 12
[ [9(6.4)d0 D,

Ny =t =—[ [9(6.9)dQ (3.14)
[ Jo@.paa 7o

\_ SPILLOVER
N REGION

M FEED
SPILLOVER

Figure 3.5. Spill-over loss [3].
WhereDy is the directivity of the feed.

The spill-over loss can be reduced using reflebtoring a high angular aperture

and a low illumination at its edges.
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Another term describing the non-ideality effectshis aperture efficiency:

2
”A:%:(%Rj (D (3.15)
The aperture efficiency is always smaller tHaand can be expressed as a product
of two terms taking into account the losses dueato uniform illumination of the
reflector surfacel(;) and the non constant phase of the aperture (fletg).

The behavior of the efficienoys is dual with respect tgs efficiency: high values

of na require reflectors with small values of angulaerurey and high
illumination at the dish edges. In order to maxinthe reflector efficiency, it is
therefore necessary a compromise between thessitmatiions, aiming to obtain
an optimal distribution of the feed power radiatgifl,p).

A good approximation of(9,¢) is given by the following expression:

2(n+1)cos' @ 0<0<
9(6.9)= (3.16)
0 6=

Ny

RS

Wheren>0 is an integer number; for high valuesmfthe feed radiation pattern
appears to be very narrow.

In the equation (3-16) the produgf{n+1) is a normalization factor chosen to
make the total power radiated by the feed equdlrtdJsing this expression of
g(%,¢) to calculate the efficiency of the reflecigy;s, we obtain that the minimum
value of the reflector efficiency is independentnoénd is equal to 0.8 (figure
3.6). Regardless the feed employed, the optimial) requires a tapered field
pattern with a power level at the edges 10 dB sn#ilan the one at the center.
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Figure 3.6. Reflector efficiency [2].

An additional gain loss factor in the front-fedleetor antenna configuration is
the presence of a “shadow zone” (named blockag&)arcenter of the radiated
field area of the reflector, due to the feed positand its supports.

The scattering caused by the presence of the fe@iives both the increase of the
cross-polar component of the radiated field anck-ttbes. Consequently, this
phenomenon pulls down the reflector efficiencystls a critical factor in those
systems (i.e radar) designed to have low side-ld¢ded (less than 30 dB) and
reduced cross-polar field component.

Taking into account all the loss factors, the g#fithe antenna can be expressed

as:

G =141 d141,Du (317

Whereyy and 5g are the efficiencies related to the cross-polanmanent and to
the blockage. Th®y term represents the maximum directivity for thessture,

obtained when the effective area of the refledaqual to its physical area:
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4n An
Dy ZFmPhisical = D =n,D, =0A7[ﬁ7ﬂ2) (3.18)

Using equations (3.17) and (3.18), it is possibledmpute the reflector diameter
as a function of the desired gain and operatinguieecy.

The cross-polarization efficiency depends by thedfend its manufacturing
processes, while the blockage efficiency can besased by using the “off-set”
configuration (figure 3.7).

In this configuration, only a portion of the parédd surface is metalized: a
circular section of dish is removed from the reile surface in order to locate

the focus outside of the main lobe of reflector.

Metallized part of reflector
”
/S 'l, 4 .
¥ 7 \
{ : { i
L) i )
] @ Feed i Feed -
Y \ f)
\ b ’
\ N 4
~ » . ”
A o - o

Figure 3.7. Off-set Configuration.

This configuration allows an increase g up to 100%, because it avoids the
reflected rays to collide with the feed and its mangs. In the off-set reflector
configuration, in order to keep away losses duthéospill-over, the feed should

be directed exclusively toward the metalized afgh@dish (figure 3.8).
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Reflector

fa) (b)

Figure 3.8. Feed Positioning in the off-set configuration. @}orrect position.

(b) Correct position.

This expedient, therefore, allows to remove thedfaad its supports from the
maximum irradiation area. The disadvantage is duéé increasing of the cross-
polar component of the radiated field: in the adf-systems, this component is

around -25 dB, and this value can be too largsdone radar applications.
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3.5. Dual reflector configurations|[2] .

The front-fed configuration has some disadvantagbls: transmission line
connecting the feed and the receiving/transmittamgenna equipments placed
below or behind the dish is typically too long;sthmay not be tolerable in low-
noise applications, where the losses of transmidgi@s compromise the quality
of the received signal.

Typically, in antennas for radio-astronomy and l§sgecommunications, the
front-fed configuration is not used. The radiatfmattern of large number of feed
systems has side lobes that do not go to zereeatdbe of the reflector; when the
reflector is pointed in the direction of the skyetfeed is pointed in the direction
of the ground, receiving also the thermal noiseiognrom the soil, reducing the
system sensitivity.

These problems can be avoided using a configurdtianvn as Cassegrain feed
system (figure 3.9). With this configuration, itgessible to obtain a parallel beam
of rays by using two reflectors: the first (or maeilector) is a parabola and the
latter is a hyperbola, named sub-reflector.

In the Cassegrain system the feed is not placeéldeifocus of the main reflector
but, along its axis, generally near the vertex:vgghog that the primary and
secondary reflectors are respectively a parabalaadnyperbola, the rays reflected
by the primary reflector are converted in paratkgys, likely if these rays come
from the focal point of the main reflector.
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—" subreflector

- \ r
Primary
feed

Figure 3.9: Cassegrain fed system [2].

In the Cassegrain configuration the transmitting egceiving equipment can be
placed behind the primary reflector, making theeysrelatively more accessible
for maintenance.

In the Gregorian configuration, the sub-reflect®relliptic and placed in such a
way that one of the two ellipsoid foci coincidesttwthe focus of the primary
reflector (the paraboloid), the feed is insteaghals®d in the other ellipsoid focus
(figure 3.10).
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Elliptic sub-reflector

Second focus of ellipse

Figure 3.10. Gregorian fed system.

In this system the rays reflected by the dish appede parallel: as a matter of
fact, by conics properties, each ray having origithe feed and reflected on the
sub-elliptic reflector passes through the focuthefmain reflector.

The Cassegrain and Gregorian reflector configunatiare widely employed in
radio astronomy applications and allow thereforeettuce the spill-over losses.
Despite these advantages, the dual reflector aarafitpn show manufacturing

problems and also an increment of blockage losse€@ss-polar component.
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3.6. Short description of shaped beam reflectors[3].

The search rotating RADAR antennas are charactebyea narrow beam in the
azimuth plane and by a shaped beam in the elevplaore. These features allow
to easily distinguish between two near targets, tangbtain an uniform coverage
at constant altitude.

The easiest way to achieve a shaped beam is toogmnplitiple feeds positioned
on the focal plane of the reflector (figure 3.1Xbr)a single feed locate in a

different location from the focus of the reflectGgure 3.11a).

b 4
/s
/ e
s f"
/
L e ’f.::’:'i’ﬂ
\'::""--.
>~ ST e
~ S,
\\ \-D_O
.~
(a) (b)

Figure 3.11. Shaped beam reflectors [3].

As a matter of fact, the phase of the reflected @gpend on the position of the
feed: with these two arrangements, the rays commg¢he antenna aperture will
have different phases, allowing to achieve a bedimspecified shape.

Most shaped reflectors avoid the blockage lossasimy the feed outside the

focus position: an example of shaped reflector vaffset fed is the ASR-9
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RADAR antenna (fig. 3.12). In this device, the @on shaping, the azimuth

beam skirt and side-lobes are strictly controllsshg a CAD design process.

Figure 3.12. ASR-9 shaped beam radar antenna.

An alternative way to obtain a shaped beam keethiagsingle fed configuration
(with or without offset) is to shape the reflec{figure 3.13): starting from the
desired beam configuration, it is possible, witmewical techniques to modifies

the reflecting dish surface, in order to achievedhsired radiated beam.

/ I

PARABOLA"‘"‘

Figure 3.13. Reflector shaping [3].
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3.7. Short description of parabolic cylinder reflectors|[3] .

The parabolic cylinder reflector antenna is anradive configuration for the

parabolic reflector, widely used in RADAR applicats. In this configuration, the

reflecting surface is a portion of inner lateraffaoe of a cylinder, and the focus is
the axis of the cylinder. In applications, the re@s employed to illuminate the
reflector surface are linear and usually consislirefar dipoles, linear arrays or
slotted waveguides.

The equation of reflector shape in rectangular dioates is:

N

3.19)

N
1
-b‘~<
-

Wheref is the focal length.

In figure 3.14 a typical geometry of a cylinderleetor is shown:
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Figure 3.14. Cylinder reflector geometry [3].

In most cases, the feed line is placed in the fdical F-F’ , although offset

configuration are possible in order to avoid blagkalosses. Depending of
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applications, this reflector configuration allows obtain a steerable or shaped
beam in the elevation or azimuth plane with modest.
An example of parabolic cylinder reflector anterioe RADAR applications is

shown in figure 3.15.
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Figure 3.15. AN/TPS-63 radar antenna.
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Chapter 4.

Feed for reflector antennas.

4.1 Introduction [2].

As mentioned in chapter 3, parabolic reflector anés are widely used in radio-astronomy
applications, communications, remote sensing addrra

A critical point in the design of reflector antesna the choice of the feed: as a matter of faet, t
feed must be a point source radiator, becauseeftecting surface of the dish converts incoming
plane waves into spherical fronts centered at dicas and vice-versa. The feed must also provide
an adequate illumination of the reflector with mmoim spill-over and cross-polarization, and it
must also be able to handling the average powetdeequired by the system without break-down.
For these reasons, open rectangular or circulaeguades are frequently used as the primary feed

to illuminate a reflector antenna.

4.2 Open Waveguides Feeds [2].

Let us consider an electromagnetic field propagatnside a rectangular waveguide (figure 4.1) of
dimensionsaxb : if we “cut” the waveguide with a transverse @athe field radiates in the space
through the aperture.

Figure4.1. Open rectangular waveguide [2].

The dominant propagating mode in the rectangularegaide is the Tk (transverse electric)
mode; placing the origin of the coordinate systarnthe center of the aperture, theomponent of

the magnetic field and thecomponent of the electric field are given by:
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a a
(4.1)
\VARR T
=- —- cos— [,
Z,\ab a

If we neglect the reflected dominant mode and thallsamplitude higher mode excited in the open
end of the waveguide, and suppose that outsidagedure both the andy component of the field
are negligible on the=0 plane, the equation (4.1) may be considered toifypine aperture fields

on thez=0 plane.

In practice, this approximation provides a reasbnajpod estimate of the main lobe. In
applications where waveguides are utilized as feedeflector antennas, these assumptions are
usually acceptable because we focus on the cleasdds of the main lobe.

The field radiated by the aperture can be evaluadedidering the magnetic currévton the open

end of the waveguide:

MS=-izXE=-iZXEoCOS%iy=E0008%i_x (4.2)

Where E, :V*‘/i
ab

Using the field equivalence principle, it is possito compute the radiated far field in the yz and

plane (E and E component respectively) which are proportional to:

sin[k,(b/ 2)sind] (4.3)
k,(b/ 2)siné

2
E, 0~ ablE,

o cogdk, (a/ 2)sind] o
[k, (a/ 2)sing]*

(4.4)

Wherek, :i—n.

0
Using equations (4.1), (4.2), (4.3), (4.4), afteme considerations the power radiated by the open

waveguide can be written as the maximum of the Bogvector:

V' ab

J 2 4

|SMA><| = (1310 + k)z 69



(4.5)

Where §,, = Z%

10

Starting from this expression we find that the cliraty of the structure is equal to:

Dz_z_b(uJ (4.6)
{ T T

By replacingab with zr?, equation (4.6) provides a good estimate of thectlvity for the circular
truncated waveguide.
Typical values of directivity for the truncated vesuides are very low (usually about 4 dBi)

because they depend by the physical dimensiond) smaller than the wavelength.
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4.3. Horn Feeds[2].
The solution to obtain high values of directivity equation (4.6) is to modify the sizasandb in
order to increase the produab. For this reason, and in order to avoid the pmokledue to

reflection, the widtha is tapered t@” (with a’>a) by flaring the waveguide in the H-plane. The

obtained structure, shown in figure 4.2, is calte®lane horn

\
\
A

< ¢

il

T E Cylindrical
phase front

i

Figure4.2. H-Plane horn [2].

The field propagating inside the horn and comimgnfrthe input waveguide is a cylindrical wave

with a circular constant-phase front, and it isrhyei-phase with the aperture field if the flanegée

w is small. If the phase error does not exceeldl at the side of the aperture, the gain and the
radiation pattern are very close to the values iobtafor a constant-phase aperture field. By

referring to figure 4.2, the condition on phas®eoan be expressed as:

n
k(R ~R )< (4.7)
After some considerations, equation (4.7) gives:
A
tan% < 4_a0' (4.8)
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Plotting the previous equation as a functioradi,, we obtain that it is possible to achieve large

apertures, and consequently high gains, if theesgshf the flare angle. are small (figure 4.3),
resulting in very long and bulky horns.

40° t~

Figure 4.3. Flare angley as a function of ratio @ [2]

The directivity of an H-plane horn antenna is gilrthe expression:

102

0

D

(&b (4.9)

The value of the gain for this structure is almegtal to the directivity, due to very small losses
and reflections of waveguide structures. By analyzhe effects of the phase error on the antenna
gain, it is found that, for a fixed length, the nmaMm gain is obtained by increasing the aperture

width a” until a phase error of arou#z occurs.

It is also possible to obtain an E-Plane horn (ggd.4), by increasing the heighof the waveguide
instead of the width.

Figure4.4. E-Plane horn [2].

72



The theoretical considerations regarding the diriggtof the E-plane horn are the same of the H-
plane horn, providing to replace in equation (4.9nda’” with b” anda respectively.

For an E-Plane horn, it is possible to achieventagimum gain by increasiny until a phase error
of #/2 occurs.

By comparing the E-Plane and H-plane horn we natiaethe tolerable phase error for the H-plane
horn is larger: as a matter of fact, in the H-pléme aperture field goes to zero at both sidef®f t
aperture, while for the E-plane horn the apertigie is constant in the E-plane.

A further increase of gain for these structures ipossible by using the pyramidal horn: in this
device, shown in figure 4.5, the waveguide is fliabeth in E-plane and H-plane, actingaandb

sides at the same time.

Figure 4.5. Pyramidal horn [2].

For a pyramidal horn of fixed length, the maximueingis obtained by increasing the flare angles
to allow a phase error of aroun®z/4 and z/2 in the H-plane and E-plane respectively. The
directivity of pyramidal horns is expressed by:

D=4y (4.10)
0
Due to their characteristics of radiation (reasdmajain, low cross-polar component of radiated
field, low reflection coefficient), horn antenna® avidely used as feed for reflector antennashén t
last years a large number of technical papers [9]e [13]) and book chapters ([1], [14] - [1@d)e

dedicated to design and improve the radiation ctaratics of the horn antennas.
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4.4. Microstrip printed feeds.

Microstrip printed antennas, with their small wdigimd size, low cost and ease of fabrication and
integration with other devices, represent an adtiive to feed reflectors. Despite these advantages,
single microstrip antennas are not widespread fleater applications, due to their high level of
cross polarization in the radiated field and todffécult in shaping their radiation pattern [14].

To overcome these problems, an array configurateonbe used: in [18] and [19] a series of 2x2
patch array are used to feed reflectors and, witadequate element spacing, a good gain and a -20

dB side lobe level are obtained.

Tair gap
ground

Figure 4.6. 2x2 printed patch array feed [19].

Small linear arrays are also employed [20] in atifunictional reflector antenna system.

— Substrate
“1— Dieletric

— Substrate
Lower patch —» Dieletric
> Substrate

Upper patch

+—» Microstrip
Groundplane <
(coupling
aperture)

harJ[

hasJ|_ E=r.d2

Figure4.7. Stacked patch antenna [21].

In [21] a broadband stacked patch antenna is uséeet an ellipsoidal reflector, obtaining a gain
of 18.1 dB. The stacked configuration in microstpgtch arrays is useful in reflector feeds for

space-craft applications, where the low cost addcged sizes are desirable characteristics: in [22],
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an hexagonal array of seven elements and a squaxyecd nine elements are presented, with results
similar to an horn feed operating in the same feagy band with a gain of 15 dBi and a -20 + -25
dB side lobe level.

Multilayered patch arrays are also employed indiegign of dual polarized reflector feeds [23].

Conducting pin

I;rl e = ;,-I;_I

-

Ground

Port 2

Figure4.7. Dual polarized suspended patch array [23].

In reflector antennas operating in modern commuioica systems and in some radar applications
(i.e. weather radar), in addition to constrainigareing the high gain and low side lobe level, the
requirement of wide operating band is very impdrfad]: in telecommunication system broadband
characteristics allow to carry a greater amounhfafrmation with high data rate; in weather radar
the heterogeneity of hydrometeors requires thaatitenna operates at different frequencies. All of
these applications involve reflector antennas \igds capable to operate in a broad frequency
range: the log-periodic dipole arrays (LPDA), wikteir very large bandwidth (up to a decade) and
their reasonable gain, are excellent candidatesrftadband reflector feed systems [25].

In the last years, a large number of LPDA (wiredpbonted) feeds have been proposed, and their
characteristics as feed have been extensivelytigatsd by Duhamel and Ore in [26].

Due to their asymmetric radiation pattern, in ortteobtain a symmetrical radiated field, often a
LPDA feed consists of two or more antennas: in [@7{l [28] feeds based on two LPDA with a
wide operating bandwidth (from 1 to 10 or 20 GHay& been proposed.

Multiple log periodic antennas also allow to desigeds operating at different polarization: in [29]

a cryogenically cooling feed system for the VLBIlefy Long Baseline Interferometry 2010) and
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SKA (Square Kilometers array) is able to receivéhbihe dual linearly and circularly polarized
field [30].
Another LPDA feed for the dual-reflector antenndJ&-SKA is proposed in [31].

Figure 4.8. Multiple log periodic antennas fe¢a9].
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Chapter 5.
Printed Log-Periodic Feeds

5.1. Introduction.

A printed log periodic feed is a broadband direwioantenna, whose properties are regularly
repetitive as a logarithmic function of the exaaatfrequency. Even the length and spacing of the
elements of a log-periodic antenna increase |dgardally from one end to the other. This kind of
antenna is useful in all the applications requirngide range of frequencies to be covered with a
reasonable gain. The log-periodic concept has eptemented using different elements, but the
most popular, by far, is the log-periodic dipoleagr (LPDA) [32]. In an LPDA, alternating
elements must be driven with 180° of phase shiftnfone to another. This phase shift, in a wire
LPDA, is normally implemented by connecting indivad elements to the wires of a balanced
transmission line in an alternate way. LPDAs usigtindrical dipoles have been proposed by Du
Hamel in the 1957 [32]. They are extensively usedvaleband antennas, and their design can be
performed following the suggestions given by Caaed Isbell [33]-[35]. Wire LPDAs can be
designed with a bandwidth up to a decade, and avitypical gain around 10 dBi in air [36], and
realized at VHF and UHF frequencies, with a statdand cost-effective technology.
Unfortunately, such advantages are lost in the 8&ikd, where the dipoles become so short and
tiny that they can be realized only by specialitemthnologies [37].

On the other hand, printed LPDAs are very promisthge to their low production cost and weight.
However, their realization can be difficult sindeedements must be fed (and with alternate sign)
by a paired strip (PS) [38]. Therefore, an appuaiprieeding network must be designed in order to
excite each element with the requested phase. rAateer of fact, the design and modeling of this
feeding network has been the most critical taskhm different printed LPDAs that have been
proposed in the literature [39]-[43].

The feeding network can be divided into two patts: printed dipoles feeding line, and the external
feeding structure. In the antenna simulation, tR®As external feeding is modeled as a differential
port placed at the narrow end of the antenna, ghogithe necessary wideband matching. However,
this is an ideal device because it does not phiyssicecorporate the actual external feeding linel an
the geometry of the SMA connector. In practice,wideband matching of a LPDA can be obtained
with an infinite balun [44]. In the wire LPDA anteas employed for TV receivers, this infinite
balun is realized with a coaxial cable passed tjinaane of the antenna booms and connected to the

narrow side of the antenna. In the printed LPDA fthfinite balun has been obtained soldering the
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outer conductor of a coaxial cable to the bottoyedaof the LPDA, and connecting the inner
conductor to the top layer of the antenna usingaehule inside the substrate [45]. This allows an
antenna with a reasonably large matching and gaidwidth, but destroys the antenna symmetry.
In this chapter we will propose two new methodewercome the problems due to the printed log
periodic feeding network: in paragraph 5.2 we wliow [46] that the insertion of an additional
mirror coaxial cable, soldered in the top layettlod array, allows to obtain not only an excellent
input matching and a very good radiation pattererawe whole frequency band, but also the
stabilization of the antenna phase center; aftesdttonsiderations, in paragraph 5.3 [47], because
the additional coaxial cable is not simple toimmkince printed LPDAs at microwaves frequencies
can be very small, a fully planar feeding netwoikhaut any shorting pins is proposed. These two
solutions have been tested in the design of twatgutiLPDA antennas operating respectively in the
range 4-18 GHz and 3-6 GHz. Both the proposed gurdiions have been employed as feeds for
reflector antennas. The obtained results provithedstarting point for the design of a high gain
log-periodic feed for weather radar applicationperating in S and C band and described in
paragraph 5.4.

All the proposed structures have been designedptichized using CST Microwave Studio 2012,
a general-purpose software for the 3-D electromiagsanulation of microwave components. The
analysis of the performance of the reflector canfidgions have been performed using TICRA
GRASP 8W, an integrated tool for reflector anteanalysis.
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5.2. Design of printed log periodic array working iIC, X and Ku band.

The concept of log-periodic wire-antennas is apbpti® microstrip printed technology, to get the
antenna layout shown in figure 5.1. The array dipchre fed (in an alternate way) with two
microstrip lines printed on the opposite sides oflialectric slab (as in Figure 5.2a). As a
consequence, the standard approach for the dekigPxAs proposed by Carrel [33] can be used,

but with some modifications.

H

Figure 5.1 Antenna layout: dark lines on the upper side efdkelectric slab, transparent ones on
the bottom. k=56.92mm.

Starting from the required bandwidth (4-18 GHz)d dollowing the design rules given in [33], we
get the following antenna parameters: number obldgpN = 15, aperture angl@o = 30°, log-
periodz = 0.85for an average directivity of 8.5 dB. The widebanatching of the printed LPDA is
obtained with an infinite balun, realized with aag@l cable. The outer conductor of the coaxial
cable is soldered to the bottom layer of the LPBAd the inner conductor is connected to the top
layer of the antenna using a via-hole inside thxssate.

In order to improve the antenna performances, alitiadal mirror coaxial cable, soldered in the
top layer of the array, can be used. We have ssldtie characteristic impedance of the feeding
line equal to 5@2, so as to obtain an easy matching with the coasahle. Since the feeding line
(figure 5.2a) has an anti-symmetric field configiom, its corresponding width can be computed by
inserting a dummy ground plane in the middle ofdhbstrate (figure 5.2b) [48, 49].

As a consequence, we can simply design & 2%andard microstrip (with=2 slab thickness) and

evaluate its corresponding widii by assuming a quasi-static propagation.
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Figure 5.2.(a) Section of the antenna feeding line. (b) Eajent circuit for the computation of the

line parameters.

Since the printed LPDA lies on a dielectric sulistrahe geometric parameters of this antenna
cannot be computed as in the case of a standaedLRIDA [33], which radiates in free space. In
our prototype we have used a Arlon AD 250 subsfjatth ¢ = 2.5 andh = 0.51mm), for which

the width of the 5@ feeding lines i3V = 1.91 mmFor this specific substrate, the resonant length
2Ly of the largest dipole (see Figure 5.1) at the Kiveperating frequency (4 GHz) is computed by
using CST Microwave Studio, and is equal to 14.66%. The length of the other dipoles is
computed according to:

1 = L n=15...1 (5.1)
L T

n

Now, we must compute the widti\y of the largest dipole. Let us consider the follogyi

Z =@{|n(hj— 225} (5.2)
| \a,

Which was derived by Carrel [35] as the averageatttaristic impedance of a cylindrical dipole,

expression:

whereina, is the radius of the dipole, ahd its half-length. We select the radiaisof the largest
dipole in order to give a 5Q average characteristic impedance. Then, we conMgutey the

requirement of equivalent perimeter [50]:

W, =, (5.3)
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The width of the others dipoles (see figure 5.1 agdation 5.4) are summarized in table 5.1, and

their spacing are computed accordingly to [33].

Wou 21 o151 (5:4)
W T
Dipole | L, [mm] | W,, [mm] | S,, [mm]

1 1.507 0.33
2 1.77: 0.39 0.99
3 2.086 0.45 1.17
4 2.454 0.54 1.38
5 2.887 0.63 1.62
6 3.397 0.74 1.90
7 3.996 0.88 2.24
8 4.701 1.03 2.63
9 5.531 1.21 3.10
10 6.507 1.42 3.64
11 7.655 1.67 4.28
12 9.006 1.97 5.04
13 10.595 2.32 5.93
14 12.465 2.72 6.98
15 14.665 3.20 8.21

Table 5.1 Geometry of the designed printed LEDA

The coupling between the coaxial feeding networtt tre radiating dipoles degrades the antenna
matching, especially in the upper frequency bankere the dipoles are very small. In order to
improve the antenna performances at high frequeneiefurther dipole is inserted immediately
before the dipole 1, with the same width and lengtid with a spacing equal to the one between
dipole 1 and dipole 2. The inclusion of this furtldgpole does not imply any change in the overall
size of the antenna, but is able to lower the refoss below -10 dB in the whole operating
bandwidth, as we will show later.

However, the a-symmetric fed configuration dueitgle coaxial cable utilized, shows a significant
drift of the phase center with the frequency. T to overcome this problem, the insertion of
an additional mirror coaxial cable, soldered in thye layer of the array, has been investigated. The
simulations have shown that the latter has sigmifily better radiation performances, and therefore
the designed antenna has been manufactured withnither coaxial cable (see figure 5.3). Figure

5.4 shows both the simulated and measured frequessppnses of the input reflection coefficient.
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We have found that the additional mirror coaxidlleadoes not modify the antenna input matching,

therefore this case is not reported in figure Bglapparent, the broadband specification between 4
and 18 GHz is fulfilled with a good agreement betwsimulation and measurement.

(a)

ib)

Figure 5.3.Photo of 4-18 GHz LPDA antenna. (a) Front. (b) Bac

Simulated (CST) ==
Measured — |

S, [dB]

4 6 8 10 12 14 16 18 20
Frequency [GHz]

Figure 5.4.Reflection coefficient of the 4-18 GHz LPDA anten
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In figure 5.5 the antenna gain (evaluated by G&fTr) respect to frequency is reported, both for the

configuration with or without mirror coaxial cabl&@he antenna gain is quite stable over the

required bandwidth.

10 T
Single coax —

Mirror coax ——

0

5]

4 i} 3 10 12 14 16 18
Frequency [GHz]

Figure 5.5. Gain of the 4-18 GHz LPDA antenna.

The phase center variation as a function of thquieacy is computed by using CST Microwave
Studio and is reported in figure 5.6, where Dedtdhie distance between the phase center and the
origin O of the coordinate system in Figure 5.1. The comparwith the feeding configuration
using a single coaxial cable is also shown. Usisggle coaxial cable in the implementation of the
feeding network, the phase center remains almasitant in the frequency band 5.5-11.25 GHz,
wherein it varies fron80 mmto 50 mm(with a maximum variation equéd £10 mm i.e., £0.25/,
beinglo= 40 mmthe free-space wavelength at the center frequen8y875 GHz). From the results
shown in figure 5.6, it appears that the preserideeomirror coaxial cable allows to stabilize the
phase center up to 13 GHz. As a matter of facthénconfiguration with the mirror coaxial cable
the phase center is stable in the frequency ba2®t¥3.25 GHz, with a relative bandwidth greater
than 100%, with a maximum variation equal&® mm It is worth noting that, if we limit ourselves
to a 30% smaller frequency band, namely 4.25-1GHA3Z, the phase center variation halved %o

mm.
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Figure 5.6.Variation of phase center.

In figures 5.7 and 5.8, the simulated and meas&&dane and H-Plane radiation patterns are

reported, respectively.

45

|
270 *m-l

e

Ifﬂ — Simuluted Single Coax Iﬂ,ﬂ
14 GHz — Simulated Mirror Coax I8 GHe
— Measured Mirmr Coax

Figure 5.7.Simulated and measured E-plane far field.
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180 — Simulsted Single Coax 150
14 GHz — Simulited Mirmr Coux 18 GHz
— Measured Mirror Coux

Figure 5.8.Simulated and measured H-plane far field.

The comparison between the simulated far fieldhef ¢configuration with and without the mirror
coaxial cable shows that the last configuratioovedl a significant improvement on the radiated
field, which is in this case more symmetrical anithva lower side lobe level. The measured far
field pattern, reported only for the configuratianth the mirror coaxial cable, is in very good
agreement with the simulations.

After these considerations, the configuration withiror coaxial cable has been employed as feed
for a parabolic reflector witd=8 mdiameter, in order to obtaindd dBigain at 4 GHz.

As mentioned in chapter 3, all parabolic dishesehthe same curvature, but some are shallow
dishes while others are much deeper, and morekare bowl. A convenient way to choose the size
of the dish is the desired gain (see equation 3ah8)thef/d (focus to diameter) ratio (see chapter
3), which is related to the feed beamwidth andh® @angular reflector aperture: #id becomes
smaller, the feed pattern illuminating the reflectorface becomes broader.

A way to match the feed pattern radiated field it angular aperturng is described by equation
[51]:

_ a
W, = 4Birct9( at ) (5.5)
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In equation (5.5), by setting the diamedeof the reflector, it is possible to achieve theirogl f/d
by imposing the angular aperturgequal to 10 dB feed beamwidth [52].

Frequency (GHz) | E-Plane 3dB Beamwidth (degree) | H-Plane 3dB Beamwidth (degree)

4 68.4 118.5
8 66.4 113.3
11 60.7 94.3
14 55.5 85.3
18 54.6 82.6

Mean value 61.12 98.8
Mr 80

Table 5.2 3dB 4-18 GHz printed LPDA feed beamwidth.

In our case (see table 5.2), for the 4-18 GHz LRiAted feed, the beamwidth of E-plane and H-
plane radiated field is different (see figures &id 5.8), and choosing the angular apenrequal

to 10 dB feed beamwidth will result in a not sacdodry illumination of the reflector surface,
especially in the central region. Therefore, filderatio is computed by choosing equal to mean
valueMr of 3 dB antenna beamwidths in E-plane and H-plAseandicated in table 5.2y, is equal

to 80°, and from equation (5.5) the corresponding véldies equal to (678.

According with the obtainefid ratio, the focal lengthfor a 8 meters diameter reflector is equal to
5.244 metersin figures 5.9-5.13 th&=0° normalized simulated radiated far field cuts facls
reflector antenna at 4, 8, 11, 14, 18 GHz are sha@we result obtained exhibit a side lobe level
equal to about -17 dB and a good gain (see taB)edver the whole operating bandwidth, allowing
the use of 4-18 GHz LPDA printed feed with mirraragial cable in reflector antennas for wide

band communication systems.

Frequency Gain
4 46.72
8 53.35
11 56.30
14 58.03
18 60.76

Table 5.3.Reflector antenna gain.
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degrees

Figure 5.9.4 GHz reflector radiated far field.

degrees

Figure 5.10.8 GHz reflector radiated far field.
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Figure 5.11.11 GHz reflector radiated far field.
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Figure 5.12.14 GHz reflector radiated far field.
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Figure 5.13.18GHz reflector radiated far field.
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5.3. Design of a printed log periodic array with @Pfeed line working in S and C band.

The feeding technique described in previous papgimnot simple to realize since printed LPDAs
at microwave frequencies can be very small, ancctiaxial cable can affect the radiation pattern.
To overcome such problems, the solution is a fplpgnar feeding network without any shorting
pins. Thus, we present in this section a new fepdachnique, based on a coplanar waveguide
(CPW) cut into one of the paired strip while théest paired strip is floating. Some preliminary
results on the same topic have been presentedh@diirst time, to the best of our knowledge) in

[52], but without any experimental verification.

T*E.l_r_—_f L;
Via Hole g \ o 2 Via
=il BiE 1IN RN  dnput Hole
= i Bl * Port
Ly B WY Ly EpEAREE
br v (d)
(a)
. [ . ) C
b, b Via
a a Hole
g, Y, g, — |h
(b) (c)

Figure 5.14 (a) 3-6 GHz Antenna Layout (top layer) not inlecé=117.15 mm, 41=22.97,
Le=26.44. (b) Coplanar waveguide transverse sectibtha input port: a=1.05,b=1.5mm, c =
3.9. (c) Coplanar waveguide view at the via-holetisa. (d) Top view of the coplanar waveguide,

at the via-hole section, for the configuration w@RW ground lines left open.

Coplanar waveguides have already been employeckdd printed antennas [53]-[55]. In this
section we will create a sort of “flat” coaxial ¢aln one of the LPDA layers and a balun at its.end
The balun is obtained using a via-hole betweenCa&/ and the strip on the other side of the slab
and an “open” termination of the two ground condugtof the CPW. In this way, the backward
waves have an opposite current on the two sidésedPS, thus exciting only the correct mode, and

so correctly feeding the dipoles. Moreover, we hiend that no air-bridges are required on the
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CPW, so that the realization is fully planar, but the via-hole. Therefore, our solution fully sb&r
all the advantages of the printed technology.

The dipoles of the printed LPDA, shown in figurd4.are alternately connected on the two lines of
the paired strips, fed by a coplanar waveguidet@dinvithin one strip. The structure is very close t
a standard (namely, wire) LPDA, and therefore tfamdard strategy to design an LPDA can be
used [33], though with some modifications.

The design specifications of the proposed LPDAameare its operating bandwidth (3-6 GHz) and
directivity. The design parameters are the spaf@owro (see [33]) and the log-periadsee figure
5.14(a) and equation (5.1)) which are selectedudipg Carrel design curves for the specified
bandwidth and directivity [33].

In our case, we require an average directivity aB®in the bandwidth 3-6 GHz, therefore we set
the log-period and the spacing factor to the vadfes= 0.88ands = 0.16, respectively.

The number N of elements of the LPDA antenna,usmgby the expression [33]:

In(BLB,:)
) .
In| =
T

WhereinB is the operating bandwidth, aBdr is the bandwidth of the active region. In our case

N =1+

B:—.I:MAX :E:Z (57)
MIN
a =arcta Sl arcta 1-088) _ 1062° (5.8)
4[ 4016
B,s = 1.1+ 7.7(1- 1) [Gota = 1691 (5.9)

Wherea is the log-periodic antenna aperture angle, sobNha10.53 Since N must be integer, we
need 11 elements in order to fulfill the requiremsern directivity and bandwidth.
We have chosen the characteristic impedance of @®@ding line equal to 0, so as to obtain an

easy matching with the standard SMA connectors.
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Choosing ARLON AD450 as dielectric substrate, a-loss material (whose dielectric loss tangent
is 0 = 0.0035) with a dielectric permittivity, = 4.5 and a thickness of 1.524 mm, the CPW
parameters are computed using the following destgrations [52][56] and imposingy = 50Q.

Zo — I]O 1

"2l Kk K(g) . 20 (5.10)
Ve K(K) Kk (b-a)

Where:

Kk , &K(k,) 2
Kk) K(k;) (b-a)
K(k), K(k,), 20 (5.11)
K(k) K(ky) (b-a)

geff =

. (5.12)

(i)
tann ——
K, = T‘m (5.13)

ki =1-kZ, n=12 (5.14)

The termno = 3742 in (5.10) is the characteristic impedance of fspacet = 0.035 mm is the
thickness of metallizations ark;), K(k,) are complete elliptic integral of the first kinchere the
integration parameteks andk, depend by CPW parameters (aeb, 9. Choosing the total width

of the CPW feeding line equal to the width of pdirstrips corresponding to an equivalent
impedance of 3Q, the resulting CPW parameters are 1.05 mmp =1.5 mmc = 3.9033 mm.

The lengthLy and the width\y of the largest dipole, in this case have beenuatadl using a more
efficient cut-and try procedure on CST microwavelgi [57] obtaining Ly = 17.5 mm andW =
2.87 mm.
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The length and widths of the other dipoles are astegb by using the expressions (5.1) and (5.4). In
table 5.4, the geometry of the dipoles (see figuld) is reported: the spaciisy are computed in
according to [33].

Dipole L, [mm] W, [mm] S, [mm]

1 4.87 0.80

2 5.54 0.91 3.54
3 6.30 1.03 4.03
4 7.15 1.17 4.58
5 8.13 1.33 5.20
6 9.24 1.52 591
7 10.50 1.72 6.72
8 11.93 1.96 7.63
9 13.55 2.23 8.67
10 15.40 2.53 9.86
11 17.50 2.87 11.20

Table 5.4.Geometry of the designed printed LPDA.

The aim of coplanar waveguide is to implement adtaxial cable as feeding network of a printed
log-periodic antenna. Therefore, the central cotmtuof the coplanar waveguide must be
connected, through a via hole, to the bottom lafgvaired strips (as indicated in figure 5.14), so
that a single progressive wave propagates on tinedpstrips itself toward the largest dipole. Irsth
way, the CPW termination acts as a balun, as Isngeatwo ground lines of the CPW end abruptly
(as in Fig. 5.14(d)). The starting lendth of the final termination of the CPW [see Fig. 1(aas
been chosen equal to half a wavelength at the aleindbquency of 4.5 GHz. This value has been
then optimized, and the best input matching hags bétained fotLy = 22.97 mm.

The LPDA antenna has been manufactured (figure) a8 fully characterized. In figure 5.16 the
simulated and measured frequency responses ohpiog ieflection coefficient are shown, and the
broadband input matching specification between 8 &nGHz is fulfilled, with a very good
agreement between simulation and measurement. Wateer of fact, the input matching range
extends well beyond 6 GHz, and the 10-dB antenna\b@th approximately extends from 2.5 to
7.5 GHz, as shown in figure 5.16. On the other hdmel antenna gain rapidly decreases, and the
radiated far-field pattern deteriorates out ofdlesign bandwidth (3—6 GHz).
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(b)

Figure 5.15 Photograph of the LPDA antenna: (a) front; (bxkaOn the back side, there is no
connection between the SMA connector and the strip.

sl A — Simulated
---- Measured

S11 Module [dB]
7

0 1 2 3 4 5 6 7 8
Frequency [Ghz]

Figure 5.16.Reflection coefficient of the 3-6 GHz LPDA antenna
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In figure 5.17, the antenna gain (both evaluate€BYy and measured) as function of the frequency
is reported. The antenna gain is quite stable twerrequired frequency range, with an average

value equal to 6.85 dB. On the other hand, it dtobout 4 dB at 2.5 and 6.5 GHz.

10 . -
)
=,
=
‘w
=
Simulated
2.5T + Measured
{} 1 1
3 4 5 6
Frequency [GHz]
Figure 5.17.Gain of the 3-6 GHz LPDA antenna.
E-PLANE H-PLANE E-PLANE H-PLANE

=== Simulated
— Measured

== Simulated
= Measured

270

3 GHz 5 GHz

6 GHz

4 GHz

Figure 5.18.Simulated and measured E-plane and H-plane raahgpattern of the 3-6 GHz LPDA

antenna.
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Figure 5.18 reports the simulated and measurecgiephnd H-plane radiation patterns. The cross-
polar component is not shown since it is alwaysowel5 dB with respect to the co-polar
component of the radiated field. The measurediédd-pattern is in very good agreement with the
simulations, showing the endfire behavior in theolghoperating frequency band.

Therefore, the proposed LPDA can be successfullg @s a broadband antenna in the frequency
range 3—6 GHz, with a relative bandwidth greatantB3%.

This LPDA antenna has been used as feed for acteflantenna: also in this case, the choice of an
optimal f/d ratio, due to the strong asymmetry of the radidields in E-Plane and H-Plane, has
been performed by the mean value 3dB feed beamvndiPlane and H-Plane (see paragraph
5.2).

Frequency E-Plane 3dB H-Plane 3dB
(GH2) Beamwidth (degree) Beamwidth (degree)
3 65.9 90.5
4 56.7 73.4
5 57.5 74.3
6 55 70
Mean value 58.77 77.05
Mr 67.91

Table 5.5 3dB 3-6 GHz printed LPDA feed beamwidth.

Setting the diameter of the reflector equal to &amse in order to obtain a gain of 45 dBi at 3 GHz,
and using theM+ value indicated in table 5.5, by equation (5.5) attain the focal length of the
reflectorf = 6.551 m.

In figures 5.19-5.22 thé=0° normalized simulated radiated far field cuts focls reflector antenna
at 3, 4, 5, 6 GHz are shown. The result obtaindub#xa side lobe level equal to about -17 dB and
a good gain (see table 5.6) over the whole operétamdwidth, allowing the use of 3-6 GHz LPDA

printed feed with coplanar waveguide in reflectoremnas for wide band communication systems.

Frequency Gain
3 44.03
4 47.36
5 49.68
6 50.91

Table 5.6 Reflector antenna gain
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Figure 5.19 3 GHz reflector radiated far field.
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Figure 5.2Q 4 GHz reflector radiated far field.
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Figure 5.21 5 GHz reflector radiated far field.
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Figure 5.22 6 GHz reflector radiated far field.
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5.4. “V” Shaped S-C band log-periodic feed for what radar applications.

In this section the design of a high gain feedWeather radars applications is presented.

The choice of the frequency range is one of thenrfestures of weather radars: the S-band (2.7-3.0
GHz) is well-suited for detecting heavy rains atykng ranges (up to 300 kilometers); usually,
the S-band weather radars are typically employedamere weather regions, where extreme
rainfalls pose a challenge to precise measurenamdslong range surveillance [3]. The C-band
(5.4-5.8 GHz) represent instead a good comprométeden range and cost of the system and
provides the detection of rain up to 200 kilomet&¥eather radars also operate in X-band (9.3-9.5
GHz) but, due to high attenuation of the hydromestex these frequencies, they are used only for
detection of storm at short range (up to 70 kilcerst

The S and C band are therefore the most widely uséohg range weather radars, and, for this
reason, we introduce the design of a high gaintguiilog periodic feed able to work both in S and
C band.

The concept of log-periodic printed antennas desdrin the previous paragraph is applied to two
different groups of dipoles designed to operatd éa@ specific frequency band, in order to get the

feed shown in figure 5.23.

uuuuuﬂﬁuimu 11 H

C-band dipoles S-band dipoles

Figure 5.23 S-C band feed layout.

This solution allows to obtain a log periodic amtarwith a reduced size, operating only in the
range 2.7-3.0 GHz and 5.4-5.8 GHz instead of a ¢eteprinted LPDA array working between 2.7
and 5.4 GHz.

For each group, the number of dipoles and thersgddictorr must be defined. Even though both
parameters can be different for each group of dgohs a design rule we choose to use the same

values for both groups [41].
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As mentioned in previous paragraphs, the numbefipafles of each group is determined by the
design specifications (i.e. the bandwidth and divég requirements). In our case, for the proposed
printed LPDA feed, we require an average diregtieit 12 dBi (the maximum directivity available
in the Carrel design curves), and therefore wealsetog period and the spacing facter of both
groups of dipoles to the valae= 0.97 ands = 0.185.

The chosen dielectric substrate is the TACONIC TBSB, a material developed for high power
applications [59], with low losses (dielectric lassmgentd = 0.0011) and a dielectric permittivity
&=3. The substrate thickness and metallizationsemgectivelyh = 0.887 mmi{ = 0.070 mm.

In order to tolerate the high power levels requibyda weather radar system (i.e. [60], [61]), the
feeding network selected for the feed is the doaki@l cable configuration described in paragraph
5.2: as a matter of fact, the CPW feeding technajlesvs a more simple realization with low cost,
compact size and is easy to connect with the SMi#neotors but, due to dielectric breakdown of
the air between the metallic strips, it is capablbandle only low power levels.

The characteristic impedan@g of the printed feeding lines (paired strips) oé ttwo groups of
dipoles has been selected in order to obtain ay asching with the UT-085 coaxial cables [64]
employed : by choosing= 50 we obtain (see paragraph 5V 2.8864 mm.

The numbemlN of elements of each group of dipoles is computgediding expressions (5.6)-(5.9);
starting from the required bandwidths, we get: nends dipolesN = 12, aperture angl&: = 4.65°.

The lengthLy ap and the width W 4, (Wherea, b indicate respectively the group of dipoles working
in S and C band) of the longest dipole of each groave been evaluated using the cut-and-try
procedure described in paragraph 5.3, obtaining = 20.74 mm,W,, = 3.09 mm and
Lnp=9.50 mm and\}, ,= 1.92 mm.

The length and widths of the other dipoles of egi@up are computed by using expressions (5.1)
and (5.4). In table 5.7 the geometry of the dipgse® figure 5.23) is reported.

The length of the final terminatiohy of the paired strips has been chosen equal to dalf
wavelength at the highest operating frequencyl(je= 25.85 mm).

In figures 5.24 and 5.25 the reflection coefficiémt each group of dipoles is reported. In order to
improve the performance of S-band dipole grouprtenér dipole is inserted immediately before the
dipole 1, with the same width and length and wphcing equal to the one between dipole 1 and
dipole 2 of the S-band dipole group [46],[65]. Aemtioned in paragraph 5.2, this solution is able
to lower the reflection coefficient below -10 dBthe whole operating bandwidth.

In figure 5.26 the reflection coefficient for themaplete antenna is shown: in order to obtain a good
input matching both in S and C band, we performeuligtions varying the distance d between the

two groups of dipoles from 11.28 mm to 33.86 mm. rAported in figure 5.26, the best: %
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obtained ford = 11.28 mm. the final geometry of the whole angefiigure 5.27) is reported in
table 5.7.

Dipole L [mm] Wrn[mm] Sr[mm]

al 14 84 221

al 15.30 228 11.33
a3 15.77 235 11.67
ad 16.26 242 12.03
ad 16.76 2.50 12.40
ab 1728 258 1278
a’l 1781 2.66 13.18
af 18.36 274 13.39
a9 1893 282 14 01
all 1952 291 14 44
all 2012 3.00 14 89
al2 2074 3.09 1535
bl 6.79 1.37

b2 7.00 141 5.18
b3 7.22 1.45 5.34
bd 744 1.50 551
b3 767 1.55 5.68
b6 791 1.59 5.85
b7 816 1.64 6.03
b8 841 1.69 6.22
b9 8.67 1.75 641
bl0 894 1.80 6.61
bll g21 1.86 6.82
bl2 9.50 1.92 7.03

Table 5.7 Geometry of S-C band printed LPDA feed.

[511] dB

original configuration
maodified configuration

|
2 25 3 35
Frequency /GHz

Figure 5.24.S band dipoles group reflection coefficient.
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Figure 5.25 C band dipoles group reflection coefficient.
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Figure 5.26. S-C band feed reflection coefficient as a functibd parameter.
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Figure 5.27. Complete S-C band feed.

The feed gain, evaluated by CST and shown in figug8, is quite stable in both the operating
frequencies with an average value equal respegtteel 1.6 dBi in the S-band and 9.43 dBi in the
C-Band.

I I I I I
—4&— Single Antenna
—4&— V-Shaped Configuration

TN\ f“ |
N

85 | | | |
27 28 29 3 54 55 56 57 538
Frequency / GHz

Gain / dBi

Figure 5.28 S-C band feed gain.
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Figure 5.29 S-C band feed E-plane and H-plane radiation pagern




In figure 5.29 the simulated E-plane and H-plardiatéon patterns are reported: it is well know
[26] that the radiation pattern in the H-plane @g-periodic antennas (wired or printed) is much
more wider than in E-plane. This aspect can adlyeadtect the efficiency of a reflector antenna: to
avoid the problem, in order to obtain a symmetriealiated field both in E-plane and H-plane, a
feed configuration with two S-C band printed LPDitennas (figure 5.30) is introduced [62] [27].

Figure 5.3Q “V” Shaped S-C band log-periodic feed.

The obtained feed includes an additional desigmrpater: the angles between the two printed
LPDA antennas. This parameter is related to thdadgpbeamwidth, which decreases rapidly with
increasingy [26]: if y is much less than, a sacrifice in gain occurs (due to a broadenquare
beamwidth); ify is much greather tham, unsatisfactory front-to-back ratio has been foumd
occur.

A design principle for the correct choicewfangle is described in [63]: in case of a unidicewl
log-periodic array, the optimal value wfangle is comprised betwe8r8*2¢ and1.2*2a.

In order to obtain both a good input matching arsyrametric beamwidth in E-plane and H-plane,
we performed simulations varying from 3.72° to 5.64° and with simultaneous exaitatof the
two antennas. A summary of the results is displayefigure 5.31: as easily observed, the best

input matching is obtained for= 3.762°.
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Figure 5.31 “V” Shaped S-C band reflection coefficient as a fimmcofy angle.

In figure 5.28 is reported the gain for the stroetwith y = 3.762° compared with the single
antenna configuration. As expected, the V-shapedigiaration allow to obtain an improvement in
the symmetry of E-plane and H-plane radiation pat{see figure 5.32), and an increase of gain in
the overall operating bandwidth.

After these considerations, the proposed struatarebe successfully used as feed for a reflector
antenna in the 2.7-3.0 GHz and 5.4-5.8 GHz frequeacge. Using a 9 meters diameter reflector,
in order to select the optim#éMd ratio, the 10 dB feed beamwidths and the side lelel are

reported in table 5.8.

Frequency, Gain | E -plane 10 dB | E -plane Side | H -plane 10 dB | H — plane
(GHz) heamwidih Lobe Level heamwidth Side Lobe
Level
2.7 12.5 75.08 -17.6 8739 -17.6
2.8 12.7 77.31 -23.2 8339 -232
2.9 12.8 73.95 32. 8438 -27.8
3.0 11.9 81.04 -24 9473 -21.1
54 10.6 104 193 89 64 -11
5.5 11.7 87.38 232 103.38 -16.3
5.6 11.8 85.54 259 8723 -17.3
5.7 11.7 96 252 104.6 -223
5.8 11.8 86.15 234 89723 -20.2
Mean Value 86.16 94.69
Mr 50.42

Table 5.8 “V” Shaped S-C band feed gain and 10 dB beamwidth.
106



Figure 5.32.“V” Shaped S-C band radiation patterns.




The focal lengthf = 5.1255 has been obtained by equation (5.5) bgtgutingy = 90°.

In the figures 5.33-5.38 are reported the simula@ed 0° cuts of the radiated far field of the
reflector antenna, at 2.7, 2.8, 3.0, 5.4, 5.6, &&. The results shows side lobe level equal to -30
dB in the S-band and -25 dB in the C-band and a gmon (see table 5.9) in the whole operating
bandwidth.

Frequency (GH2) Gain (dBi)
2.7 46.47
2.8 46.99
2.9 47.19
3.0 47.25
54 50.74
5.5 51.58
5.6 52.12
5.7 52.19
5.8 52.24

Table 5.9 S-C band reflector antenna gain.

Finally, we calculated the theoretically minimunmge for a weather radar system equipped with a
reflector antenna having a®®diameter and fed by the “V-shaped” printed logqudic feed.

The theoretically minimum range can be evaluateddayg the Probert-Jones equation (1.23):

_RG’¥H LGP K2 (Z
R 512N 2) R IL

WhereR is the range of targelj = cz, andL is the total loss factor of a radar system: tgibyc
L=21.1 dB [66].
Because of the large range of magnitudes involvethe (1.23), it is convenient to employ the

logarithmic units and write the equation (1.21jhis form [67]:
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- 2
10log Pups :10{'09 P + logh+2logG -2logA + 2log HRAD +logK

+3log 77-10log2-log(In2) - 2logR+logZ —log L (5.15)

Wherebrap is the 3 dB beamwidth in radians aRgbs is the minimum discernible signal: typical
radar values [66] lie in the range of -104 dBm1&5 dBm [60].

By substituting in equation (5.1%} = 46.47 (gain at 2.7 GHz), = ¢ = 0.95° (reflector radiated
field beamwidth at 3 dBX?=0.93,H = 3.3usec [60],4 = 0.112 m (wavelength at 2.7 GHZ)= 20
dBz (typical value of reflectivity for rainfpr = 320 KW and Pyps = -115 dBm we obtaiiR =
371.67 Km.

dBi

degrees

Figure 5.33 2.7 GHz reflector radiated far field.
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degrees

Figure 5.34 2.8 GHz reflector radiated far field.

degrees

Figure 5.35 3.0 GHz reflector radiated far field.
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Figure 5.37.5.6 GHz reflector radiated far field.
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Conclusions.

In this Phd thesis a study of new feeding techesgior the log-periodic printed feeds has been
presented. The first proposed technique has bgaiedpo a printed LPDA operating over the C, X
and Ku band and has been analyzed using CST MICR@RVBTUDIO 2012: the antenna is fed
using two coaxial cables, which provide the requitgoadband input matching, stabilize the
antenna phase center, and improve the far fieletqpatvhen compared with an antenna fed with a
single coaxial cable. The second proposed technigased on a coplanar feeding waveguide, is
able to avoid manufacturing problems due to thedesoig, typical of the coaxial cable
configuration, allows to obtain a simple realizativith low cost and compact size, and is easy to
connect with the external SMA connectors.

Finally, a “V-Shaped” S-C band printed log-periofié®d has been designed. In the 2.7-3.0 GHz
and 5.4-5.8 GHz frequency bands, the developed jeeddes aS;; < -10 dB and a symmetric
radiation pattern both in E-plane and H-plane, vétgain greater than 10.5 dBi over the whole
operating bandwidth. This feed may be recommendeddage in weather radar systems having a
transmitting power less than 400 KW, allowing ecté¢e operational range.
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