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Abstract 
 

 

A circular polarized aperture fed microstrip patch antenna operating at 5.3 GHz have been 
designed, simulated, manufactured and verified.  

The antenna is part of a miniaturized transponder for Synthetic Aperture RADAR, SAR, 
applications. The idea of the transponder is to use it for tagging purposes wherever objects, 
for example personnel or vehicles, need to be identified. For this reason the transponder has to 
be small and lightweight. Former transponders have used separate transmit and receiving 
antennas, here the same antenna will be used for both transmit and receive.  

The transponder will be operated with the European Space Agency, ESA, satellites ERS-2 and 
ENVISAT, as well as the DLR airborne SAR-system E-SAR, all operating in C-band. 
Satellites not yet launched are the high resolution satellites TerraSAR-X, to be launched in 
October 2006, and SAR-Lupe, 5 satellites of which the first is to be launched during 2006. 
Both TerraSAR-X and SAR-Lupe operates in X-band. 

The selected antenna type is the microstrip patch antenna. Several different designs are 
considered and finally the chosen design is an aperture fed microstrip patch antenna with 
rectangular patch and dual orthogonal feeds with a Wilkinson power divider.  

Measurements for verification of the antenna are performed with a network analyser and at an 
antenna test range.  
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4 Introduction 
 

Before diving into the technically heavier parts of this thesis I would like to introduce the 
reader to the reason for, and idea behind this project. It explains some of the decisions but 
most of all it makes the report a lot more interesting by putting it in context. 

 

4.1 Thesis motivation 
SAR images from airborne and space borne instruments today are of good standard, figure 4.1 
is an example of an SAR image. The resolution is good enough to distinguish small objects, 
for example vehicles, but it is not yet possible to fully identify the vehicle from the radar 
signal alone. 

 

 
Figure 4.1 SAR image from E-SAR data taken over Dresden. 

 

For this reason a miniaturized coded tagging transponder for SAR applications is proposed, a 
transponder that is small enough to be placed on a vehicle or even carried in a pocket by 
personnel. Reliable identification will be provided by encoding the transponder signal. The 
transponders will appear in the SAR picture only if the proper decoding is used during image 
processing, providing covertness when needed. The tagging transponder represents an 
important extension of the SAR system, augmenting the excellent high resolution imaging 
capabilities with reliable detection and identification of chosen targets [9].  

Applications are possible wherever equipment or personnel need to be located or RADAR 
targets need to bee identified, one example is tagging of fishing boats and oil tankers. Laws 
and restrictions exist as to where they can operate and the transponders can be used to monitor 
their compliance. The advantage of the SAR transponder is that it is tampering proof in the 
way that if it is broken it is still possible to see the monitored object in the SAR image. This 
can be compared to the same situation using a GPS transponder where the object would 
disappear completely if the transponder would be disabled.  

A prototype transponder was constructed for testing the coding technique. This transponder 
though was built without any size or weight considerations. It has two C-band horn antennas 
that are placed 60 cm apart and with polarization direction shifted 90 degrees in relation to 
each other, to provide sufficient decoupling. For the transponder to be able to be small enough 
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for tagging purposes, only one antenna should be used for transmit and receive. The 
decoupling between send and receive will instead of a distance be realized with a delay 
between the two modes. This will cause a small discrepancy in the position of the object, but 
it is considered to be negligible. 

The goal of this Master Thesis is to design, build and verify an antenna module prototype for 
the miniaturized transponder, demonstrating the feasibility of the project. In connection to this 
Master Thesis another thesis have been written regarding the encoding of the transponder, 
”Real Time Pulse Compressor based on 1-bit Quantisation”, by Pouria Sanae, [1].  

 

4.2 Outline 
This Thesis project started with a literature study, mainly consisting of reading about the 
basics of microstrip antennas and articles of recent design progress. From this a basic idea of 
what the design would look like was developed. When the decision of which design to use 
were made it was time for simulations. The main part of the project was spent simulating, if 
one does not watch out simulating could go on for eternity in search of the perfect design. 
After the simulation phase, where a more precise design was developed, the designs were 
manufactured and made ready for testing. In general the outline of this report follows this 
order.  

Chapter 5  

This chapter is an introduction to the background theory of the thesis, first SAR 
technology and applications, and then the basics of microstrip antennas and microwave 
transmission. A basic knowledge of antennas is assumed. 

Chapter 6 

Chapter six evaluates different designs explaining the pros and cons. Here some general 
decisions about the design are made. The idea is to explain why certain types of 
antennas are better than others for this particular project. 

Chapter 7 

The simulation phase is described in this chapter, not so much by describing the 
simulation process but by explaining the different variables and what impact they have 
on the design. 

Chapter 8 

Manufacturing was the next step and this is explained in more general terms since much 
of it was done by a lab at DLR and not by the author. 

Chapter 9  

This chapter contain the results of the verification measurements from a network 
analyser and an antenna test range. It also contains the conclusions and a short outline of 
what the future will bring. 

Chapter 10 

The appendix, it contains more detailed explanations of some of the characteristics of 
antennas and data tables for the satellites. 
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5 Background theory 
 

5.1 Synthetic Aperture Radar, SAR 

5.1.1 SAR Technology 
RADAR stands for RAdio Detection And Ranging. The basic principle of RADAR imaging is 
the transmission and reception of electromagnetic signals. A signal with known characteristics 
is transmitted and the returning echoes are recorded. The information about the object lies in 
the change of the characteristics such as, magnitude, phase, time interval between pulse 
transmission and return, polarization and Doppler frequency shift. 

SAR stands for Synthetic Aperture RADAR. In general the sensor is onboard a satellite or an 
airplane in motion. The sensor is looking to the side of the vehicle and performing 
measurements orthogonally to the direction of movement. The direction of movement is 
called along track or azimuth direction and the direction of the sensors line of sight is called 
range as illustrated in figure 5.1 [15], [2].  

 

 
Figure 5.1 The geometry of a side looking SAR. 

 

As the sensor passes an object, called a scatterer, many pulses are reflected in sequence. By 
recording and combining these individual signals a synthetic aperture is created with the same 
length as the duration of illumination of a target on ground, dependent on the acceptable 
phase error, hence the name. The advantage of the SAR technology, compared to the Real 
Aperture Radar, a stationary sensor, is the utilisation of the Doppler shift of an object due to 
motion to improve the azimuth resolution. SAR image processing is then used to reconstruct 
the imaged scene from the recorded pulse reflections, but image processing is beyond the 
scope of this thesis.  

The RADAR sensor is an active sensor meaning that it itself illuminates the scene which it is 
imaging. The frequency range in which SAR sensors operate is cloud penetrating, due to this 
they are not dependant of weather conditions and time of day, one of the technology strong 
points.  
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5.1.2 SAR Applications 
Many applications of SAR instruments are for reconnaissance, surveillance and targeting. 
These applications are driven by the military need for all weather, day and night imaging 
sensors. Another major area of use is environmental applications such as for example 
monitoring crop characteristics, deforestation, ice flows, and mapping. Figure 5.2 is an 
example of multitemporal imaging, three SAR images taken at 3 different dates are combined 
into one and each date is represented by a colour thus highlighting the difference between 
them. 

 

 
Figure 5.2 SAR image of Istanbul, instrument ASAR onboard ENVISAT. 

 

SAR technology offers more than just 2D imaging. By using two antennas on one aircraft 
with a known spatial difference interferometric data can be achieved to produce very accurate 
three dimensional surface profiles of the terrain. It is also possible to determine the speed of a  
target from SAR data. 

At low frequencies SAR sensors offers the capability to penetrate foliage that is opaque at 
optical wavelengths, mapping the ground beneath it. It can also see into the ground, to detect 
soil or ice structures. MARSIS (Mars Advanced Radar for Subsurface and Ionosphere 
Sounding) is one of the instruments on the Mars Express mission. MARSIS is a multi 
frequency synthetic radar altimeter with ground penetrating capabilities [16].  

The primary scientific objective is to map the distribution of water, both liquid and solid, in 
the upper portion of the Martian crust. The radar’s low frequency (1.3 – 5.5 MHz) allows it to 
penetrate, in principle, down to 5 kilometres. But such low frequencies also result in low 
resolution, between 5 and 10 kilometres horizontally, and about 100 metres vertically. Any 
reservoir of groundwater smaller than that will not be detected.  
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5.2 SAR Instruments 
The transponder will be operated with three instruments that are already in use, the DLR 
airborne E-SAR (Experimental-SAR), AMI (Active Microwave Instrument) onboard the 
satellite ERS-2 and ASAR (Advanced SAR) onboard the ENVISAT. Also the high resolution 
satellites TerraSAR-X and SAR-Lupe will be launched in the near future. 

 

5.2.1 E-SAR 
The DLR airborne SAR system E-SAR, was built, designed and is operated by the Microwave 
and RADAR Institute at DLR Oberpfaffenhofen, Germany. E-SAR is a high-resolution 
multifrequency SAR operating at X-, C-, (S-), L and P-band.  

Applications are imaging of all surface types, flat or mountainous terrain, ocean or ice 
surfaces and monitoring of resources or urban growth. The instrument has been flown in 
many campaigns since the beginning of 1989, some of them as preparation of satellite borne 
sensors. One of the most recent ones was a campaign in Tunisia, November 2005. The 
objective was to provide datasets important for use in water management projects and to 
demonstrate the usefulness of earth observation sensors in such projects. 

 

 
Figure 5.3 E-SAR. 

 

In figure 5.3 antenna installations are visible under the nose and in the back of the aircraft. 
The cigar-like pod under the nose contains the P-band antenna. Beneath the cargo door in the 
back a radome covers both the C- and X-band antennas. The L-band antenna, split into two 
individual arrays, one for each polarization, is attached to the tail of the aircraft and carries the 
aircraft's ID [17]. The gain of the C-band antenna is 17 dBi. Nominal operating altitude is 
3500 m and the maximum is 6000 m, for technical data table see Appendix 10.1.1 [5]. 

 

5.2.2 ENVISAT 
The ENVISAT (Environment satellite) seen below in figure 5.4, is an ESA satellite. The 
ENVISAT overall objectives are, studying and monitoring the earth environment on various 
scales, from local through regional to global. Monitoring and management of the resources of 
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earth, continuation and improvement of the services provided to the meteorological 
community and contribution to the research of earths crust and interior. 

 

 
Figure 5.4 ENVISAT with the ASAR antenna in the centre of the picture. 

 

One of the many instruments onboard is the ASAR. The ASAR active C-band antenna, with 
centre frequency 5.3 GHz, is a phased array of size 1.3 x 10 m2 with distributed Tx/Rx 
modules arranged across it. By adjusting the individual modules phase and gain, the 
transmitting and receiving beams may be steered and configured. For technical data table see 
Appendix 10.1.2. 

The main objective of the ASAR instrument is to provide information on, ocean waves, sea 
ice extent and motion, snow and ice extent, surface topography, land surface properties, earths 
biomass, surface soil moisture and wetland extent [5].  

 

5.2.3 ERS-2  
ERS-2 (European remote sensing satellite) seen in figure 5.5, an ESA satellite, is the follow 
up of ERS-1, with some additional sensors. ERS-1 and ERS-2 were for a period flying in 
tandem providing excellent interferometric data. The overall mission of the ERS-2 is 
observation of oceans, polar ice, land ecology, geology, forestry, wave phenomena, water 
depths, atmospheric physics and metrology. 

 

 
Figure 5.5 ERS-2 with AMI antenna to the right. 
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ERS-2 carries a microwave instrument called AMI, AMI (Active Microwave Instrument) is 
composed of two separate RADARs, a SAR for image and wave mode, with a centre 
frequency of 5.3 GHz, and a scatterometer for wind mode operation [5]. For technical data 
table see Appendix 10.1.3. 

 

5.2.4 Terra SAR-X 
TerraSAR-X, seen below in figure 5.6, is a high-resolution RADAR satellite built by Astrium 
on contract for DLR, to be launched in June 2006. It will deliver images with up to 1 m 
resolution for earth-observation purposes, with a scheduled lifetime of 5 years. 

 

 
Figure 5.6 TerraSAR-X. 

 

TerraSAR-X carries a high frequency X-band SAR sensor that can be operated in different 
modes (resolutions) and polarization. The mission objectives are the provision of high-quality, 
multi-mode X-band SAR-data for scientific and commercial research and applications [18]. 

The sensor operating in X-band operates in different operation modes: 

- Spotlight mode with 10 x 10 km2 images with a resolution of 1-2 m. 

- Stripmap mode with 30 km wide strips at a resolution between 3 and 6 m. 

- ScanSAR mode with 100 km wide strips at a resolution of 16 m.  

- Collection of interferometric radar data for generation of digital elevation models.  

 

5.2.5 SAR-Lupe 
The SAR-Lupe System consists of five identical satellites, as illustrated in figure 5.7, which 
will be launched in intervals of six months. The project is sponsored by the German Ministry 
of Defence and the Federal Office of Defence Technology and Procurement, it will provide 
the German Federal armed forces with a global coverage reconnaissance system.  
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Figure 5.7 SAR-Lupe. 

 

The synthetic aperture radar will have high spatial resolution, less than 1 meter and will be 
able to provide imaging with high picture quality. Data will be transmitted by an X-band 
transmitter and encrypted S-band will be used for telemetry and command transmissions both 
direct to ground stations or via SAR-Lupe inter satellite links [19]. 

 

5.3 Microstrip antennas 

5.3.1 Introduction 
The microstrip antenna is derived from microstrip transmission lines. It consists, in the 
simplest form, illustrated in figure 5.8, of a substrate with a groundplane on one side and a 
conducting patch, usually copper or gold, of some size and shape on the other.  

 

 
Figure 5.8 Geometry of typical microstrip patch. 

 

The concept of microstrip antennas have been around since the fifties but it was not until the 
seventies when manufacturing techniques and substrate material quality leaped forward that 
practical antennas, in terms of price and accuracy, could be made.  
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The microstrip antenna has many advantages [4], some of them are: 

- Light weight.  

- Low fabrication cost, easily mass produced. 

- Easily integrated with microwave integrated circuits. 

- Feed lines and matching networks can be fabricated simultaneously with the antenna 
structure. 

But microstrip antennas also have some limitations: 

- They have narrow bandwidth. 

- They have lower gain. 

- Polarization purity is difficult to achieve. 

- Spurious radiation from feeds and junctions, dependant on the configuration. 

For this project the advantages of size and weight are considerable, the problems for this 
specific project will be coping with the narrow bandwidth, the low gain and achieving a good 
axial ratio. 

A lot of effort has been put into research minimizing the disadvantages and a lot of the 
limitations have been overcome. Microstrip antennas are very appealing for areas such as 
space technology and mobile applications where size and weight are restricted. 

 

5.3.2 Radiation mechanisms for microstrip antennas  
Radiation characteristics have been explored for a large number of microstrip designs, they 
are similar despite differences in geometrical shapes. The most common λ/2 long patches 
behave like a dipole, have a typical gain between 5 dB and 7 dB and a 3-dB beamwidth 
around °70 and °90 .  

The radiated field from a microstrip antenna can be determined from either the field 
distribution between patch and ground plane or the surface current distribution on the patch. 
The theoretical models are often complex, here a more intuitive model for the understanding 
of the radiation mechanisms will be presented [4], [12].  

Consider a microstrip antenna that is fed from a source. At microwave frequencies the 
transported energy is regarded as electromagnetic waves at microwave frequencies, rather 
than current or voltage as in conventional electronics. A charge distribution will be 
established on the upper and lower surfaces of the patch as well as on the ground plane, much 
as in a capacitor. The patch is half a wavelength long so the distribution at an arbitrary point 
in time will be as seen in the figure 5.9 below, positive on one side and negative on the other 
side of the patch. The repulsive force between charges of the same sign tends to push some of 
the charges around the patch edge. This movement creates the current densities Jb and Jt. The 
currents create a magnetic field tangential to the patch edges.  
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Figure 5.9 Charge distribution and current density on cavity model of a λ/2 
microstrip antenna. 

 

The attractive force between charges of different sign on the patch and the ground plane is 
dominant though and the magnetic field is weak. We can now make the approximation that 
the tangential magnetic field is zero and place a “magnetic wall”, around the periphery of the 
patch. Also, since the substrate is thin compared to the wavelength, the variations of the 
electric field over height can be considered to be constant and hence the electric field is 
normal to the patch. We now have a model of a cavity with electric walls at top and bottom 
and magnetic walls along the edge. The sidewalls can be considered as narrow apertures 
through which radiation takes place.  

Using Huygen field equivalence principle the microstrip patch can be represented by a current 
density Jt at the top surface to account for patch metallization. The four side slots are 
represented by equivalent current densities Js and Ms, corresponding to the electric and 
magnetic fields Ea and Ha in the slots, given by 

as HnJ
rv

×= ˆ            (5.1) 

as EnM
rr

×−= ˆ            (5.2) 

As Jt is very much smaller than Jb, in thin substrates, it is set to zero to indicate negligible 
radiation from the patch current. Also the tangential magnetic fields are set to zero and hence 
the current densities Js are zero. The only nonzero current density is the equivalent magnetic 
current density Ms along the periphery of the patch. The presence of the ground plane is taken 
into account via the image method which doubles Ms. The radiation can now be ascribed to 
four ribbons of magnetic current radiating into free space. The new current density is given by 

as EnM
rr

×−= ˆ2            (5.3) 

where the slot electric field in dominant mode is defined as 

0ˆEzEa =
r

            (5.4) 

for the slots of length W and height h. For the other two slots of length L and height h 

)/sin(ˆ 0 LxEzEa π−=
r

          (5.5) 

These fields are illustrated in figure 5.10 below. 

 



 19 

 
 Figure 5.10 Electric field and magnetic current distribution. 

 

Each slot radiates the same field as a magnetic dipole with current density Ms. The slots along 
the x-axis have equal and opposite current distribution so the radiation from them can be set 
to zero. Hence the radiation from the patch can be described in terms of two vertical slots. 
Vertical slots are difficult to analyze and they are replaced with two horizontal slots. This 
model is easy to understand and is the basis for many analytical models. 

 

5.3.3 Transmission-line model 
A microstrip patch is in many ways just a part of a transmission line, it is therefore a very 
intuitive way to analyse it as one [4], [7]. The distributed characteristics of the patch, such as 
resistance, conductance and inductance are modelled with discrete values as a circuit, seen in 
figure 5.11. As indicated in the former section it is common to treat the patch as two radiating 
slots with a low impedance transmission line of length L in between. 

 

 
Figure 5.11 A square patch and the transmission line model equivalent. 

 

The admittance for one slot is given by 

111 jBGY +=            (5.6) 

and a slot with the width W have the conductance 

( ) 


 −= 2
1 24

1
1

120
kh

W
G

λ
         (5.7) 
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and the susceptance 

( )( )kh
W

B ln636.01
1201 −=

λ
         (5.8) 

W is the width, λ is the wavelength, h is the substrate thickness and  

λ
π2

=k             (5.9) 

Since the slots have the same geometries Y1 = Y2 and by transferring the admittance from slot 
two, by using the admittance transformation equation to slot one, one can calculate the input 
admittance. The transformed admittance of slot number two becomes 

11222
~~~

jBGBjGY −=+=          (5.10) 

The total input admittance is then real and will be given by 

12GYin =             (5.11) 

And the input impedance becomes 

( ) 


 −
===

2
0

0

1

24
1

1
60

1
2

11

hk
WGY

R
in

in

λ

       (5.12) 

When designing a patch equation 5.12 is often simplified to equation 5.13. For a square patch 
it yields the input resistance of 120Ω  for a square patch, when h << λ, since the width is half 
a wavelength when no consideration is taken to the fringing field.  

Ω== 120
60 0

W
Rin

λ
          (5.13) 

 

 
Figure 5.12 Fringing fields. 

 

The slots are ideally separated by half a wavelength, but because the length of the patch is 
finite, fringing of the field occurs at the edges of the patch as illustrated in figure 5.12. The 
amount of fringing is a function of substrate thickness patch length and substrate dielectric 
constant. This affects the resonance frequency and is taken into account by calculating the 
length as 

ε
λ

49.0=L             (5.14) 

Where ε is the dielectric constant and λ the wavelength at resonance. 
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5.4 Microwave transmission  
When dealing with microwave applications (above 100 MHz) one must always have 
impedance matching between the blocks. A difference in impedances causes reflections which 
can destroy or distort the signal. At high frequencies the theoretical calculations are 
insufficient due to the unpredictable impact on the matching network of inductances, 
capacitances and resistances. Measurements in a lab are the proper way to determine the 
disturbances, and for this the Smith chart is the basic tool. 

 

5.4.1 Smith chart and impedance matching 
A Smith chart is a polar plot of the complex reflection coefficient, gamma [Unity] 
respectively S11 [dB]. The reflection coefficient is defined as the ratio between the reflected 
voltage wave and the incident voltage wave. How much of the incoming signal that is 
reflected depends on the match or mismatch between the source impedance and the load 
impedance [6]. 

 

 
Figure 5.13 Impedances. 

 

The reflection coefficient is given by 
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lz  is the load impedance normalized by the characteristic impedance 0Z , illustrated in figure 
5.13, which is real in lossless transmission lines.  
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Figure 5.14 Smith chart. 

 

Figure 5.14 is a smith chart plot, the circles are lines of constant resistance, the smallest circle 
or the point to the right is infinite resistance, a short, and the outmost circle is total reflection 
or an open circuit. The circle crossing in the centre is the unit resistance or the characteristic 
impedance, Z0. The lines crossing the circles are the lines of constant reactance, with the 
horizontal line as zero. The point of interest is the where the line of zero reactance crosses the 
circle of unity resistance, that is where the system is matched. 

A desirable design is one that causes the Smith chart diagram to do a loop around the centre 
point as can be seen in figure 5.14, this is the tell tale for resonance with the centre frequency 
adjacent to the crossing of the lines. The distance from the loop to the centre of the Smith 
Chart diagram indicates the reflection coefficient. 
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6 The Design 
 

6.1 Technical specification 
The transponder will be operated with the ESA satellites ERS-2 and ENVISAT, as well as the 
DLR airborne SAR-system E-SAR, all operating in C-band. It will also be compatible with 
two satellites scheduled for launch in 2006, TerraSAR-X and SAR-Lupe, both operating in X-
band. So the design should be scaleable from C-band into X-band without major problems. 
The transponder has to be fully compatible with the SAR instruments with which it will 
communicate, this means that no alteration of the satellite instruments should be needed.  

 

 
Figure 6.1 Block diagram of miniaturized transponder. 

 

Since the transponder will be used under different environmental conditions, it has to endure 
cold, warm and moist weather. It also has to be small and lightweight, for this reason the type 
of antenna selected is a microstrip antenna. The antenna module, see figure 6.1, should also 
contain a circulator for separating transmit- and receive-signals, and a low noise amplifier. It 
would be desirable to select a design that is scaleable to other RADAR bands.  
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Frequency range 5.2 – 5.4 GHz 

RF power 1 W peak, 100 mW average 

Polarization Circular 

Main-lobe 3 dB width +/- 60° (monopole characteristic) 

Connectors SMA 

DC power < 2 W 

Size Maximum envelope 100 mm x 100 mm x 50 mm 

Weight < 100 g 

Shock < 20 G 

Environment Outdoor, -30 to + 49 °C, humidity <100 % 

Table 6.1 Technical requirements. 

 

The technical requirements are as listed in table 6.1. Circular polarization is used since one 
does not want any loss of signal power due to a misaligned antenna, it can receive from all 
kinds of antennas. For a similar reason a wide beam width is needed, the antenna does not 
have to be pointed very accurately but should cover most of the sky. 

The design, development, manufacturing and verification of this antenna module are all 
performed at DLR Oberpfaffenhofen, Germany. A patent for the transponder exists in 
Germany, Great Britain and USA with the title “Method and device of locating objects by 
means of a coded transponder”.   

 

6.2 The antenna 
In conclusion from previous section, a circular polarized antenna is needed to send and 
receive signals to and from a transponder. The centre frequency is 5.3 GHz with a bandwidth 
of 200 MHz. This frequency is located in the C-band (4-8 GHz) in the microwave area. The 
most commonly used antennas in the microwave area are the horn antenna, the parabola and 
the microstrip antenna.  

The microstrip antenna is chosen due to mass and volume restrictions. The same restrictions 
make it impossible to construct an array of some sort, the specifications have to be met using 
only one element. The microstrip antenna group consists of the basic categories, printed 
dipole, the printed slot, the travelling wave and the microstrip patch antenna [4].  
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The printed dipole antenna, seen in figure 5.1 to the left, is not an option in this case since it 
can only radiate linear polarization and arrays are not an option.  

 

 
Figure 6.2 Printed dipole antenna and printed slot antenna. 

 

The printed slot antenna, seen in figure 6.2 to the right, consists of a slot of any shape in a 
conducting plane on top of a substrate, fed by a microstrip line. The slot antenna radiates 
bidirectional (to both sides as oppose to “upwards”, also called broadside, as the patch do) and 
any desired polarization is possible. It has generally good bandwidth and cross polarization 
values. In this case though, one has to consider that the substrate and conducting plane is not 
infinite. It will be cut and in this way one might get a patch antenna with slots in it. This will 
affect the far field pattern. 

The travelling wave antenna, illustrated in figure 6.3, consists of a microstrip line with bends 
that radiate. It can be designed to radiate circularly polarized radiation but this requires some 
sort of array configuration and that requires more space then admitted here. 

 

 
Figure 6.3 Travelling wave antenna and microstrip patch antenna. 

 

The microstrip patch antenna, seen in figure 6.3, consists of a patch of conducting material on 
top of a substrate on a ground plane. The microstrip patch has an inherently narrow 
bandwidth, but lots of research in this area has produced different ways to increase the 
bandwidth and for the transponder application it is considered to be the best choice. The 
microstrip patch antenna can radiate circular polarization if fed in a proper way. 

The patch can be of almost any shape but the most common ones are the rectangular patch 
and the circular patch. They are easier to analyse and manufacture than other shapes. For ease 
of analysis and due to the fact that it is more researched, the rectangular patch is chosen for 
this project. Since circular polarization is wanted the patch will be square. 
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6.3 The Feed 
There are different ways to feed the patch, the most popular are: edge feed, coaxial feed, 
proximity coupling and aperture coupled feed [2], [4]. 

The edge feed, illustrated in figure 6.4, is a very simple way to feed the patch with a strip line 
in the same plane as the patch connecting directly to it. The impedance follows a sinusoidal 
pattern on the patch, by inserting the feed to the point on the patch where the impedance is 50 
Ohm a match is easily achieved. The drawback is that one must make a compromise with the 
thickness and dielectric constant of the substrate. For a microstrip line it is best to have a thin 
substrate with a high dielectric constant and for the patch one wants the opposite. Increasing 
the substrate thickness also increases the spurious radiation from the line and generation of 
surface waves. 

For this particular antenna the edge feed was not feasible, initial calculations indicated that the 
stripline had to be very wide compared to the patch and an insertion would influence the 
performance, simulations also showed that spurious radiation from the wide feed line 
distorted the far field.  

 

 
Figure 6.4 Edge feed and coaxial feed.  

 

The coaxial feed, seen to the right in figure 6.4, is common due to its simplicity, the inner 
conductor of the coaxial line is inserted orthogonally to the patch plane from beneath through 
the ground plane and substrate. It can easily be inserted to the point on the patch where the 
resistance is 50 Ohm. In this case though, this kind of feed is too narrow banded to be used 
and the insertion of a pin could affect the performance since the patch size is small. Another 
problem with both edge feed and coaxial feed is that they possess asymmetries that can 
generate higher order modes, inducing cross polarization. 

The proximity coupling feed consists first of the ground plane, then a substrate with a line on 
it and then a second substrate with the patch on, as illustrated in figure 6.5. The line couples 
through the substrate to the patch. Advantageous about this solution is the use of two 
substrates, they can be individually optimized for both line and patch. But still the spurious 
radiation from the feed line is present. 
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Figure 6.5 Proximity coupling and aperture coupled feed.  

 

The aperture coupled feed, illustrated in figure 6.5 to the right, is a further development of the 
proximity coupled feed. This design comprises of two substrates with the ground plane 
between them, the line on the bottom and the patch on the top. The feed line couples through 
an aperture with the patch. In this way it is possible to optimize the substrate dielectric 
constants and at the same time shield the patch from the spurious feed radiation. This 
produces an antenna design with many degrees of freedom as there are a lot of variables that 
can be tuned to optimize the design. This feed also produces a higher bandwidth than the edge 
feed or coaxial feed.  

 

 
Figure 6.6 Rectangular aperture and dogbone aperture field distributions. 

 

The aperture can be of any shape, in the initial tests of this kind of feed a circular aperture was 
used but it was soon found that a rectangular feed couples to the line and the patch better. In a 
rectangular aperture the electric field must vanish at the slot ends, the shape is that of about a 
half sinusoid, illustrated in figure 6.6. It has been found that by adding shapes at the ends of 
the aperture giving it the shape of a dogbone, have the effect of increasing the field level at 
the ends of the aperture giving it a more uniform shape and thus increasing the coupling level 
[13]. 

The feed chosen for this design is the aperture coupled feed because of its many advantages 
compared to the other configurations. Designs with both the rectangular aperture and dogbone 
aperture was simulated and manufactured. 

 

6.4 Polarization and Power dividers 
Circular polarization consists of two orthogonal modes in phase quadrature. This can be 
produced in one of two ways, either the patch is fed at two orthogonal points with a 90 degree 
phase difference, dual orthogonal feed, or the patch can be indented or truncated in a specific 
way that causes circular polarization and fed through only one line, both are illustrated in 
figure 6.7 [2], [8].  
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The first of these is intuitionally easier and was the first choice. The dual orthogonal feed 
requires an outer power divider but the single feed is more sensitive to changes in frequency 
because the truncations are calculated for a specific frequency, this means that the axial ratio 
bandwidth is lower. 

 

 
Figure 6.7 Truncated and dual orthogonal feeds. 

 

There exist many different kinds of power dividers, for this design three different types were 
considered, they are illustrated in figure 6.8.  

 

 
 Figure 6.8 T-junction, Wilkinson and quadrature hybrid power divider. 

 

The simplest one is the T-junction, it consists of the input line dividing in two lines with equal 
phase and amplitude. It is a very simple approach but it might produce problems if the patch 
is not exactly matched and produces a reflection signal. This signal could distort the incoming 
signal and so it affects the axial ratio. The VSWR though, often remains acceptable because 
the signals tend to cancel each other out. The phase difference must be produced outside the 
power divider via transmission line length differences. For an equal power split the 
impedances in the arms are given by [4] 

021 2ZZZ ==            (6.1) 
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The Wilkinson power divider is similar to the T-junction but here a resistance is placed 
between the output ports to produce isolation between them. This prevents axial ratio 
mismatch although the efficiency may be affected. This solution also requires a length 
difference between the lines. For an equal split Wilkinson power divider, the impedances in 
the lines are given by [4] 

021 2ZZZ ==            (6.2) 

and the resistor between them should be 

02ZR =             (6.3) 

The Quadrature hybrid has the advantage of isolation between the outputs and the fact that 
there is no need for any length difference, the 90 degree phase shift is produced within it. 
Further more it is possible to change the direction of the polarization (left hand and right 
hand) via interchanging the two input ports. Any mismatched power will be directed at the 
absorbing load thus a good match is maintained keeping axial ratio good. The impedances are 
given by 

20ZZb =            (6.4) 

0ZZ a =             (6.5) 

The T-junction and the Wilkinson power divider showed promising results during simulations 
and these were the two chosen designs. The quadrature hybrid is a more complex structure 
due to the fact that one of the inputs has to be terminated with a resistance and hence 
connected to the ground plane. It was therefore not considered to be a good choice for this 
project although simulations yielded good results.  
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7 Simulations 
 

In antenna design today simulation programmes are very good in the way that the results are 
very close to reality. They are reasonable fast and accurate enough so that they can be used 
more as a design tool, via many trial and error simulations, than for means of verification 
only. For this project the programme used was Advanced Design System from Agilent, based 
on the method of moment. Some calculations were made from the beginning to have a starting 
point of the design, such as width of the patch, and after that a sort of trial and error method 
with qualified guesses was used.  

 

7.1 Variables of the Aperture coupled antenna  
 

 
Figure 7.1 Variables of the aperture coupled antenna. 

 

One of the advantages of the aperture coupled antennas is its many variables [10], [12], [14], 
they are illustrated in figure 7.1. The first two variables one has to define when designing a 
microstrip antenna are material dielectric constants and thicknesses. The antenna substrate 
dielectric constant, εa, affects the bandwidth and radiation efficiency. A lower dielectric 
constant gives reduced surface wave excitation and a wider impedance bandwidth. Antenna 
substrate thickness, h, affects bandwidth and coupling level, a thicker substrate results in a 
better bandwidth but less coupling for a given aperture size. 

In the antenna substrate the lower the dielectric constant the better but for the feed substrate 
dielectric constant, εf, the situation is the opposite, the higher constant the better. This is 
because a higher dielectric constant binds the field closer to the line and spurious radiation 
from discontinuities in the feed lines is not wanted. It should be selected for good microstrip 
circuit qualities, typically in the ranges of 2-10. Thinner feed substrate thickness, t, results in 
less spurious radiation from feed lines, but a higher loss. A compromise of 0.01 wavelengths 
to 0.02 wavelengths is usually good. 

For this project the material chosen for the antenna substrate was TLY, a composite material 
from Taconic. The thicknesses were selected after an initial simulation of a simple edge fed 
patch by looking at the bandwidth. The chosen values can be seen in table 7.1. 
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Layer Material Dielectric constant Thickness, mm 

Free space Air 1 Open boundary 

Antenna patch Copper   

Antenna substrate TLY 2.17 3.18 

Groundplane Copper   

Feed substrate TLY 10.00 0.64 

Line Copper   

Free space Air 1 10.00 

Table 7.1 Material constants. 

 

The length of the patch, L, determines the resonant frequency and the width of the patch, W, 
affects the resonant resistance, a wider patch gives a lower resistance. To achieve circular 
polarization the patch needs to be square, W = L. The patch length is approximately half a 
wavelength, but due to the fringing fields at the ends, the patch is electrically longer than 
physically. Therefore the patch length is determined, as given in equation 5.14, by:  

ε
λ

49.0=L             (7.1) 

Where λ is the wavelength at the intended resonance frequency and ε the dielectric constant, 
calculations yielded a starting length of 19.0 mm. 

The coupling level is primarily determined by the aperture length, u, research have shown 
that a longer aperture couples the patch and the feed better. It also determines the back 
radiation level and should therefore not be longer than is required for impedance matching. 

The width of the aperture, v, also affect the coupling level but to a much lesser extent than the 
aperture length. The ratio of aperture length to width is typically 1/10. 

The width of the feed line, a, is determined by the impedance wanted for the line. The feed 
line width also affect the coupling to the slot, to a certain degree a thinner feed line couple 
more strongly to the aperture. Here the feed line should be 50 Ω and therefore the width was 
determined via a calculation made by ADS to be 0.6 mm. 

For maximum coupling the feed line position should be in the centre of the aperture at an 
orthogonal angle and the position of the aperture relative to the patch should be centred, 
where the electrical field is zero and the magnetic field has its maximum hence dominating 
the coupling. In this case though, two slots had to be fitted on the antenna patch, therefore 
they were offset from the centre. Moving the slot in H-plane direction, see figure 7.1, has little 
effect, as long as the aperture is under the patch, whilst moving it in E-plane direction will 
decrease the coupling. The aperture was moved as little in E-plane as possible and almost out 
to the edge in H-plane.  

The tuning stub length is used to match the reactance of the slot coupled antenna. The stub is 
usually slightly less than a quarter wavelength in length, here 5.3 mm as a starting value. The 
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effect of stub length in the Smith chart is to rotate the locus up (inductive) or down 
(capacitive), the locus approximately follows a constant resistance line. 

Since the line in the T-junction design is split into two 50 Ω lines the impedance of the 
incoming line and the arms do not match. In order to prevent reflections and distortions of the 
signal a quarter wavelength transformer is needed to match them. The length is a quarter of a 
wavelength and hence 14 mm. The width of the transformer is determined by the needed 
impedance, Z, which is calculated by: 

LZZZ ⋅= 0             (7.2) 

Where LZ is the load impedance, or input resistance for the antenna as given by equation 

5.13, and 0Z  is the impedance of the incoming line. This yields an impedance for the quarter 
wavelength transformer of 35.6 Ω. Calculated with ADS this correspond to a width of 1.1 
mm. 

 

7.2 Simulation results 
 

 
Figure 7.2 Layout for final designs. 

 

These four designs seen in figure 7.2 were the results of extensive simulations, for simplicity 
the designs below will be referred to as design number I, II, III and IV as numbered in the 
figure. The characteristics of most interest are input reflection coefficient level at centre 
frequency, bandwidth, impedance matching (Smith chart), axial ratio, far field pattern, beam 
width, efficiency and gain. Some of them, such as bandwidth and beam width, are specified in 
the technical specification.  
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Figure 7.3 S11 graphs. 

 

In simulations one first examines the input reflection coefficient, S11, value in the frequency 
band of interest. This graph show the first indications as to if the system is designed for the 
correct frequency.  A nice looking graph has a dip centred over the centre frequency. The 
lower the dip the better, meaning a lower S11 value, in this graph one can also see the 
bandwidth. The narrow dip indicates a small bandwidth.  

Initially bandwidth was considered to become a problem since microstrip antennas are 
inherently narrow banded, but as can be seen in figure 7.3, the results show worst case S11 
values of about -20 dB at 5.2 and 5.4 GHz where a level -10 dB is sufficient. It is clear from 
the graphs in figure 7.3 that the dogbone structure has a broadening effect on bandwidth as 
seen in design II and IV, both designs also has a slight shift in centre frequency. 
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Figure 7.4 Smith charts. 

 

Impedance matching and a good S11 value, is always important in microwave applications, a 
bad impedance matching can result in bad efficiency and distorted signals. As can be seen in 
figure 7.4 the impedance matching is good with all designs close to the centre of the Smith 
chart at centre frequency.  
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Figure 7.5 Axial ratios. 

 

A good axial ratio is important to ensure circular polarization, it express the ratio between the 
orthogonal E-field components. When one aperture has its radiation maximum, the other has 
its minima. Antennas with perfect circular polarization have an axial ratio of 1:1 or 0 dB, a 
perfect linear polarized antenna would have an axial ratio of 1:0 or infinite dB. The results in 
figure 7.5 show results of at worst 2.3 dB centre frequency for design number I and at best 0.9 
dB for design number II.  

It is also of interest to keep the axial ratio constant over the beam width, for this we can see 
that the dogbone designs number I and number III are slightly better with an increase in axial 
ratio of 2.1 and 0.3 over the frequency band respectively.  
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Figure 7.6 Gain over theta for both polarizations. 

 

Gain, seen in figure 7.6, is between 6 to 7 dB which is considered normal for a microstrip 
patch antenna. Beam width, was in simulations borderline but is expected to be better in 
reality due to the fact that the simulation programme use an infinite ground plane. In reality 
the ground plane is only slightly larger than the patch, the field has to be zero at the ground 
plane and therefore a finite ground plane forces the field to become wider. It will cause some 
spill radiation in the backwards direction. 

Efficiency is important in this context since the transponder will be running on batteries. The 
results yielded values between 74 and 78 % efficiency which is considered to be an ok result.  
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8 Manufacturing 
 

In the frequency range of 5.2-5.4 GHz, the size of the antenna is very small and changes in the 
design in the order of a few 0.1 mm may alter the antenna characteristics. If the 
manufacturing process is not accurate enough this might be the case. 

The antennas were etched at a laboratory at DLR, Oberpfaffenhofen. The accuracy of the 
etching process can vary between methods but in this case it was very accurate, in the order of 
10 micrometers, so it can be concluded that the process will have little effect on the results. 

 

 
Figure 8.1 The etched slices. 

 

The result is two substrate slices per design, the antenna substrate with the patch on one side 
and the feed substrate with the feed on one side and the groundplane with the apertures on the 
other, as can be seen in figure 8.1. These slices then have to be fitted together, plastic screws 
were used to keep the two layers in place. SMA connectors were soldered on with 
connections to the ground plane and the feed and on the designs with Wilkinson power 
dividers, the resistors were soldered on.  

First network analyser measurements showed a large sensitivity to mechanical pressure. Since 
the two layers were not glued together pressing on the antenna changed the distance between 
aperture and patch. The layers were glued together to prevent this. The most problematic part 
in the matter of accuracy is fitting the slices together. Holes were drilled according to 
markings in the design placed at the same position and the slices were fitted together with 
screws. In spite of this the accuracy might be as bad as −

+  0.5 mm, which is a lot in this case. 
Measurements after this showed more stable results but impedance matching was not as 
expected.  
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When the antenna is already manufactured one can only change some of the variables. These 
are: stub length, patch size and length of the quarter wavelength transformer. This was done 
using a scalpel and a microscope, mostly changing the stub length and patch size, but the 
antenna showed little change. This implied that the poor impedance match depended on 
something else.  

It was observed that the SMA connector pin is wider than the feed line and the length is in the 
same dimension as the quarter wavelength transformer, its influence could be the reason. The 
pin was grinded down and connections resoldered, the before and after pictures can be seen in 
figure 8.2. This improved things some but a lot of problems still remained. The connections to 
the ground planes were then resoldered and we had some major improvements. This shows 
that a good connection to the ground plane is very important.  

 

  
Figure 8.2 Connector feed, before and after. 

 

One of the antennas was fitted with a new connector with a smaller pin and a bigger 
connection to the ground plane, which improved the matching for this antenna. It was also in 
the end this antenna that showed best results and it was selected for verification measurements 
on the antenna range. 

The mounted antennas can be seen in figure 8.3, illustrating the different parts of the designs. 
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Figure 8.3 Mounted antennas. 
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9 Verification 
 

9.1 Network analyser measurements 
 

 
Figure 9.1 Network analyser during measurements. 

 

Measurements were made on a network analyser from Wiltron, model 360B, with a range 
from 10 MHz to 40 GHz. DLR has no anechoic chamber for network analyser testing and this 
can have some effect upon the measurements but they are considered to be minimal. The 
antennas were placed on a metal slab that works as ground and connected to the network 
analyser via the SMA connector, the setup can be seen in figure 9.1. The purpose of the 
measurements is to verify the impedance matching. 
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Figure 9.2 S11 diagrams. 

 

The results from the network analyser measurements are presented in figure 9.1. It is quite 
obvious that design number I and IV lacks in performance. Both impedance matching and S11 
diagram is bad. Design number II and III both have a centre frequency offset, with minimum 
S11 values at 5.32 GHz for design II and 5.16 GHz for design III, but S11 values for the 
frequency range are still good, between -14 dB and -21 dB for design II and between -29 dB 
and -16 for design III. 
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S11Design I

 
Design III

 

Design II

 

Design IV

Figure 9.3 Smith charts. 

 

In the Smith charts, in figure 9.3, one can see that resonance is present in all designs to some 
extent. It is also apparent that design I and IV does not show expected results while design II 
and III mirror the S11 simulation graphs. Design number III is the one chosen for antenna 
range measurements, with number II as a backup. 
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9.2 Antenna test range measurements 
The antenna range measurements were performed on the antenna free field test range at DLR 
seen in figure 9.4. The antenna to be measured is mounted in a tower and the measurement 
antenna is rolled out to a distance where far field characteristics can be achieved. Two 
measurements are made, a horizontal and a vertical cut in the E-field. During measurements 
the antenna that is measured is in sending mode, it is in turn rotated around x and y axis, see 
figure 9.5, to get the measurements of gain over angle in vertical and horizontal plane.  The 
idea with a free field test range is to do measurements in an echo free environment, the 
radiation path is cleared of surfaces or buildings that could cause reflections. The sought after 
characteristics is gain at centre frequency, far field pattern, gain over frequency and conic 
sections at different angles. 

Unfortunately the mechanical structure of the antenna broke during measurements and the 
measurements with gain over frequency have not yet been done, hence there are no results as 
to the antenna bandwidth. 

 

  
Figure 9.4 The antenna range and the mounted antenna ready for measurements. 

 

 
   Figure 9.5 The geometry of the test range measurements. 

 

 



 44 

Horizontal plane
Phi = 0°

-40

-35

-30

-25

-20

-15

-10

-5

0

5

10

-180 -165 -150 -135 -120 -105 -90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90 105 120 135 150 165 180

Theta [°]

Gain [dBi]

 

Vertical plane
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Figure 9.6 Horizontal and Vertical cut of E-field. 

 

Figure 9.6 show the results of the gain at centre frequency measurements in the horizontal 
plane, ϕ  = 0°, and the vertical plane, ϕ  = 90°. As can be seen the gain is in maximum 
direction 8 dBi and 6 dBi respectively, these values are about what was expected and even 
higher. It can be seen that in the horizontal plane the maxima is about 7° off centre. This can 
be a problem when pointing an antenna but since it, in this case, is designed to have a wide 
beam width it is not a problem. More important for this project is that the beam is wide 
enough to cover most of the sky which is the case since the gain is higher than -10 dBi for 
−

+ 80°. 
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Figure 9.7 Conic sections 0°, 30° and 60°. 

 

If an antenna has an axial ratio equal to 0 dB the conic section for 0° would be a straight line. 
As can be seen in figure 9.8 the antenna does not have a totally circular polarization. This 
affects the received signal strength, an antenna that has perfect circular polarization can 
receive a horizontally polarized signal equally well as a vertically polarized signal. Figure 9.8 
also contains the conic sections with angle φ  = 30° andφ  = 60°. They follow the same 
pattern, showing that the far field pattern is not entirely symmetric. In this case the asymmetry 
can be an effect of the SMA connector, making the measurement environment nonsymmetric. 
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9.3 Conclusions and Future Work 
There are still measurements to be made but overall the results were good, they are in 
compliance with the specifications, and this is the antenna that will be used for the 
transponder. Most problems can be deduced to manufacturing inexactness and this needs to be 
addressed in the future. A possibility is to also do measurements on design number II for 
comparison.  

Scaleability was put as a requirement in the specifications and in theory this is possible, it is 
just a matter of increasing or decreasing the geometry of the antenna. But in reality this is not 
so, an antenna, and very much so for an antenna of this size, is very sensitive for changes. But 
the design is still valid and this project has paved the way for future modifications making the 
process of designing an antenna for some other frequency much easier. 

The integration of the antenna will also need some work. Most likely the antenna will be 
placed under some cover to protect it from the environment, may it be snow or rain. A cover 
of this kind can affect the performance. Research shows that one effect may be a lowering of 
the resonance frequency [4], this is an area that needs to be looked into. The antenna module 
will also be extended with a circulator, to separate transmitted and received signal, and a low 
noise amplifier, LNA, as can be seen illustrated in figure 6.1.  
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10   Appendix  
 

10.1 Orbit Elements and Technical data 

10.1.1 E-SAR 
 

 E-SAR L-band S-band C-band X-band P-band 

Center frequency, GHz 1.30 3.30 5.30 9.60 0.35 

Bandwidth, MHz 100 100 100 100 100 

Antenna gain dBi 14.0 (15) 17.0 17.5 10 

Antenna 3dB beamwidth      

Azimuth, degrees 18.0  19.0 17.0 30 

Elevation, degrees 35  33 30 34 

Transmit peak power, W 500 90 90 2500 1000 

Table 10.1 Technical data E-SAR. (S-band is possible but momentary no tested 
antenna available.) 
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10.1.2 ENVISAT 
 

ASAR 
Image 
mode 

Wide 
swath Alternating mode Wave mode 

Global 
monitoring 

Center frequency, GHz 5.331 5.331 5.331 5.331 5.331 

Power, W 1365 1200 1395 647 713 

Table 10.2 ASAR technical data. 

 

Orbit Near-circular, Sun-synchronous 

Altitude 800 km 

Descending node 10 AM local time 

Inclination 98.55 Degrees 

Orbit period 100.6 Min 

Repeat cyckle  35 Days 

Table 10.3 ENVISAT orbit elements. 

 

10.1.3 ERS-2 
 

 AMI Imaging mode Wave mode 

Center frequency, GHz 5.3 5.3 

Peak power, W 4800 / 

Polarization Linear vertical Linear vertical 

Table 10.4 AMI technical data. 

  

Orbit Sun synchronous polar orbit, Retrograde 

Altitude 780 km 

Inclination 98.5 Degrees 

Orbit period ca 100 Minutes 

Repeat cyckle  3 Days 

Table 10.5  ERS-2 orbital elements. 



 49 

 

10.2 Polarization 
In an electromagnetic far field the E-field and the H-field are always orthogonal to each other 
and to the direction of propagation. Let’s assume that the direction of propagation is the 
positive z-axis, the E and H field will then be in the xy-plane. The E field amplitude 
components are both in x and y plane.  

 yExEE yx ˆˆ 000 +=           (10.1) 

The components are complex numbers so that E can be written as 

( ) ( )tkziii eyeExeEE ωνν −+= ˆˆ 21
21         (10.2) 

k = wave number (real), ν = phase  

Taking the real parts of E we get 

)cos( 11 νω +−= tkzEEx          (10.3) 

)cos( 22 νω +−= tkzEEy          (10.4) 

E1 and E2 are the amplitudes and 1ν  and 2ν  are the phases. One can see that 

11 EEE x ≤≤− and 22 EEE y ≤≤− this implies that the E-field vector must always, in the xy-
plane, lie within a square. If the time is cancelled out from Ex and Ey one can obtain an 
equation for describing the trace of the E vector. This equation is the equation of an ellipse.  
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E

E
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The value of the principal axes of the ellipse and its orientation with respect to the axes 
depends on E1 and E2 and the phase difference 21 νν − . The field is said to be elliptically 

polarized. There are some special cases. 

-Phase difference = 0 

( ) 002
=Sin  and ( ) 10 =Cos  gives the equation of a straight line, the field is said to be 

linearly polarized. Tilt angle 45 degrees. 

-Phase difference = π  

( ) ππ =
2Sin  and ( ) 1−=πCos  also gives the equation of a line but with a sign 

difference, the line will have a different orientation. Tilt angle – 45 degrees.  

-Phase difference = π /2 

( ) 122
=πSin and ( ) 02 =πCos  gives the equation of an ellipse with the minor and 

major axes along the x and y axes. A special case arises when E1 = E2 = E0, or the axial 
ratio = 1, this gives the equation of a circle, the field is said to be circularly polarized.  

If 1ν  is larger than 2ν  or the phase of E1 is before the phase of E2 the sense of which the path 
will be traced is clockwise. In the opposite case the sense is counter clockwise. The different 
senses are called right handed wave or positive helicity and left handed wave or negative 
helicity respectively.  
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The polarization of an antenna is the polarization of the E-field which it radiates. Usually the 
polarization is constant over the main beam of an antenna but it may differ in the side lobes. 
The polarization is measured in the far field where the waves are plane waves. An antenna 
receiving a wave responds best to an antenna transmitting with the same axial ratio, sense and 
tilt angle. Therefore to optimize the performance of an antenna, a high degree of control over 
the polarization is important.  

Cross polarization is the measurement of how much, for example, a vertical polarized antenna 
sends or receives in the horizontal plane.  

In space communications where the distances are long and attenuation might be large 
circularly polarized antennas are used to receive as much power as possible in all polarization 
planes. In SAR applications there is information about an object in the polarization change 
and one uses a linearly polarized antenna. 

 

10.3 The Dielectric constant 
The dielectric constant is defined as the ratio of the capacitance of a capacitor with a dielectric 
between the plates, to that with vacuum between the plates, this ratio is also the relative 
permittivity of the dielectric.  

The dielectric constant is a measure of the ability of the dielectric to increase the stored 
charge on the plates of the condenser as a result of the displacement of charged species within 
the insulator. Displacement of a charge q through a distance δ  creates an electric dipole of 
moment δqp = . The displacement of charge takes time, so in an alternating-current circuit 

kikk ′′−′= is a complex number; a measure of the losses introduced by the charge 
displacements is the loss tangent, kk ′′′≡ /tanδ . Low dielectric constants are desirable for the 
insulation of alternating-current circuits. 

Within the area of printed circuits and transmission lines a good design is a design where the 
fields of the transmission lines are wound close to the transmission line, this means a large 
dielectric constant and a thin substrate. The case is the opposite when it comes to microstrip 
antennas, a thick substrate with a low dielectric constant is sought after. 

 

10.4   Definitions of antenna characteristics 

10.4.1 Bandwidth  
Bandwidth can be defined in many different ways but they are all a measure of how well the 
antenna performs, or maintains an acceptable standard with respect to some characteristic, 
over frequency. Below follows a common definition. 

If antenna impedance changes with frequency and upsets the match, energy will reflect from 
the impedance mismatch and will not be transferred between the antenna and the transmission 
line. This is often measured in terms of VSWR (Voltage standing wave ratio). VSWR is the 
ratio of the maximum voltage to the minimum voltage. The bandwidth is then defined as the 
frequency range, where the VSWR is below a certain specified value. Antennas that rely on 
resonance, for example microstrip antennas, are in general more narrowbanded than those that 
do not, for example horns. 
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For this project the bandwidth is specified via the condition that the antenna frequency range 
is 5.2-5.4 GHz, thus the condition is that all of the antennas characteristics has to be in 
reasonable values for this range. 

 

10.4.2  Beamwidth 
Beamwidth is often defined as the half power beamwidth. It is a very straightforward 
definition as the angle between two directions, in a plain containing the maximum of the 
beam, in which the radiation intensity is half the maximum value of the beam or -3 dB. 

 

10.4.3  dBi 
dBi means decibel isotropic, it means that the gain of the antenna in question is compared to 
an isotropic radiating antenna. 

 

10.4.4  Gain 
Absolute gain of an antenna is defined as the ratio of the intensity radiated by the antenna 
under test, in a given direction, to the radiation intensity that would be obtained if the source 
were an isotropic antenna. The radiation intensity corresponding to the isotropic radiated 
power is equal to the power accepted (input) by the antenna divided by 4π . 

π4=gain (radiation intensity  / total input power)
( )

inP
U φθπ ,

4=  

10.5  The Substrate 
The first step in designing a microstrip antenna is choosing a substrate. The substrate is 
principally needed for mechanical support of the metal sheets. It will also affect the electrical 
properties of the antenna. There are many different substrates available, which is chosen 
depends on the application. There are five categories of materials, ceramic, semiconductors, 
ferrimagnetic, and composite. 

The substrate chosen for this project is TLY manufactured by Taconic. It is manufactured 
from woven fibreglass fabric coated with PTFE (polytetraflouroethylene) interleaved with 
thin sheets of pure PTFE. The woven matrix produces a more mechanically stable laminate 
with a more uniform dielectric constant than traditional materials. TLY-5A is chosen for the 
antenna due to its low dielectric constant and CER-10 is chosen for the line layer due to its 
high dielectric constant. They are both low cost materials. 
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