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ACTIVITIES DURING THE SECONDMENT
The working period at Università Politecnica delle Marche in the city of Ancona (Italy) lasts from
the 1 of April to the 1 of September, for a total amount of five months. During this period my
supervisors were Professor Antonio Morini from Università Politecnica delle Marche and Professor
Giampiero Gerini from TNO Defence, Security and Safety.
During my stay at University I worked on Connected Arrays with inherent frequency selectivity
properties, more in depth I worked on the very interesting topic of common mode suppression in the
feeding lines for this kind of antennas.
A connected array of dipoles with inherent frequency selectivity properties is the so called
“Filtenna” presented in [1] at EuCAP 2011, where the radiating device is embedded in a pass-band
filter; for the sake of clarity Figure 1 shows the design of the Filtenna and its reflection coefficient
when a scan on the H plane of the dipole is performed.

(a)
(b)
Figure 1: (a) The design of the filtenna consists of a radiating element, the connected array of dipoles (just the unit cell
is showed in the picture), that works as the first stage of the filter and the other stages of the filter, that are connected to
the dipole through metallic pins. (b) The reflection coefficient for broadside radiation and different angles of H plane
scanning is plotted.

The Filtenna device is capable of ±45 degrees H-plane scanning with a matching of -10dB, in the X
band with a fractional bandwidth of 23% at 9.5GHz. A complete 2D scanning is not possible
because of common mode excitation when E-plane scan is performed.

Public

Page 1 of 9

The main objective of my period at Università Politecnica delle Marche was to evaluate and to
implement a solution to avoid common mode excitation, with the final objective to obtain a 2D
scanning Filtenna.
The idea to avoid common mode excitation was to insert between the radiating device and the
remaining part of the filter, another device capable to uncouple common mode from differential
mode. Such a device works like a Magic-T, but has to be designed and implemented in planar
technologies like microstrips or striplines.
The core part of my work was shifted to the design of a planar Magic-T. This device allow to the
separation of common mode and differential mode, it is a four port device and a practical
implementation would be the one depicted in Figure 2(a), while in Figure 2(b) a convenient
dielectric stack for the device is outlined. The device will work in the X band, and its performance
in terms of bandwith will be comparably or better then the Filtenna ones, in order to have a good
coupling between the two devices.

(a)
(b)
Figure 2: (a) Magic-T physical implementation is depicted. Port E and H represent differential and common mode
ports respectively. A slotline and two stripline-slotline transitions (the latter highlighted with a red circle) are used to
couple E-port to the others. (b) A convenient dielectric stack is outlined, three different dielectric slabs will be used in
order to make the structure feasible.

Ports –E and –H represent the differential and common mode port respectively, while ports 1and 2
are the input ports. In the Filtenna system ports 1 and 2 will be connected to the dipole’s feeding
lines, while port E will be connected to the filter. H-port can be closed on a matched load, or used
for other purposes that needs common mode signal.
In order to make the device as small as possible a slot line is used to obtain a 180 degrees phase
unbalance between S1E and S2E signals. This forces to use a couple of stripline-slotline transition,
the first one is on the E-port, the second one serves as a coupling device between the slotline and
the hybrid ring.
In order to design the whole device the two transitions have to be designed ad hoc to be used in this
context, so some analytical tools have been developed to accomplish the task: in the following
subsections I will describe these tools.
Analytical design of the two ports transition
The first transition will be realized to couple the E-port with the slotline, the goal is to match the
port with the slotline with a reflection coefficient better the -10dB on the band of interest. The
working frequency band will be, at least, the same of the Filtenna.
The transition can be obtained starting from a four port cross like the one presented in Figure 3.
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(a)
(b)
Figure 3: (a) Slotline-stripline cross, starting device for a two port slotline-stripline transition. (b) Two ports slotlinestripline transition.

Figure 3 shows a four port cross constituted by a stripline and a slot line, two ports are on the
stripline, the other two on the slotline. The goal is to close two of the four ports on a reactive load
(short circuit) in such a way to obtain a two port matched network, where the first port is a stripline
port and the second one is a slotline port. The degree of freedom to get such a matching is the
distance of the short circuits from the microstrip-slotlines transition.
The analytical relation used to calculate the physical length where the slotline short circuit would be
placed, with respect to the centre of the cross, is:
φ ±π
(1)
ls = −
2⋅ β
Where ϕ is defined as in (2):
(2)
ρ = e jφ
and ρ represents the reflection coefficient at port four when it is closed on a reactive load, so that
| ρ| = 1, and ρ is defined as:
S11e jψ − S 33
(3)
ρ=
S11S 33 − S132 e jψ − S 332 − S 342
The angle ψ is a particular angle in the range [0,π] so that the condition | ρ| = 1 holds.
The S elements are the scattering parameters of the four port network in Figure 3(a) and can be
extracted via HFSS simulations. The relations (1), (2) ,and (3) are obtained by forcing relation (4)
when port number four is closed on the reactive load ρ.
S11 = S 22 = S33
(4)
Next step in the design of the two port transition is to close one of the stripline port on a short
circuit, so that the remaining two ports are well matched , e.g. reflection coefficient is better than 10dB.
This time the analytical relation used to calculate the reactive load distance from the centre of the
transition is (5) as in [2]:
 S 22 
1
(5)
l2 m = −
ln 

2 jβ  ∆S ⋅ S13* ρ 2 
Where ∆S is the determinant of the 3 port scattering matrix and ρ2 is the reflection coefficient on
the stripline port closed on the reactive load.
Performance of the designed two port transition are depicted in Figure 4, where a matching better
than -10dB is observed in the band 9 to 12 GHz.
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Figure 4: redline: reflection coefficient at port 1 (stripline port); blueline: reflection coefficient at port 3 (slotline port).
A good matching can be observed across the band 9GHz -12Ghz.

Analytical design of the three port transition
The three ports transition introduced in this section allows to connect the slotline to the hybrid ring
(see Figure 2).
It can be obtained by closing one of the slotline port on a short circuit, a sketch is outlined in Figure
5.

(a)
(b)
Figure 5: (a) Slotline-stripline cross, starting device for a two port slotline-stripline transition. (b) Three ports slotlinestripline transition.

This time a transmission coefficient of 3dB is needed between slotline port (port 3) and the
remaining ports (stripline port 1 and 2). Because of the 3dB coupling the design strategy is
different from the one outlined before.
If one images to close port number four on a load whose reflection coefficient is ρ, then a new
reflection coefficient S33' at port 3 can be defined as:
S33' = S33 +

S342
1

ρ

(6)

− S33

A perfect matching at port 3 is obtained when:

S33
S − S342
Then, one can force ρ to be a reactive load by forcing (8)
S33 = S332 − S342

ρ4 =
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And eventually calculate the correct distance from the transition, named l, where the short circuit
would be placed as:
± π −φ
(9)
l=
2β
Where ϕ is as in:
(10)
ρ = e jφ = e ± jπ e −2 jβl .
Once a perfect match is obtained at port 3, a 3dB transmission coefficient at the other two ports is
obtained by symmetry.
Performance of this three port transition are presented in Figure 6.

Figure 6: Solid Blue line represents the reflection coefficient at port3. Red line is the transmission coefficient at other
two ports.

A very good matching at slot line port is obtained over the 8GHz to 11.7GHz band, a reasonable
coupling around 3dB can be observed, remember that the design includes dielectric losses, so a little
amount of power is not coupled to the port but lost as dielectric heating.

Magic-T implementation
Last step is to combine the two transitions, provide the necessary matching line to correctly match
port impedances and design an hybrid ring on the three port transition, in order to get the same
structure presented in Figure2(a).
The implemented structure is reported in Figure 7.

Figure 7: Complete structure designed and simulated.
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In Figure 7 the complete Magic-T device is outlined. Two stripline-slotline transition are
highlighted with red and blue circles. Four ports are labelled and impedance matching lines are
highlighted too.
The device is about 9x12 mm2 big, it means, since the central frequency is 9.5GHz, it is about
0.38λ0 x 0.29 λ0, where λ0 is the free space wavelength at the central frequency.
Performance of Magic-T can be summarized by considering the following figures of merit:
1. Reflection coefficients at all of the four ports (Figure 8);
2. Isolation coefficient between port 1 and port 2 (Figure 9);
3. Transmission coefficients S1E, S2E, S1H, S2H (Figure 10);
4. Phase imbalance for odd excitation, defined as abs(angle(S1E)-angle(S2E)) (Figure 11);
5. Phase imbalance for even excitation, defined as abs(angle(S1H)-angle(S2H)) (Figure 12).

Figure 8: Reflection coefficient at all ports of the device. A matching better then -10dB can
be observed at all ports, across the desired bandwidth.

Figure 9: Isolation coefficient is reported. A very good values across the whole analyzed band is observed.
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Figure 10: Transmission coefficients are reported. Good values in the interesting band 8.5GHz
10.5GHz are observed. Dielectric losses are included in the model.

Figure 11: A strange behaviour of the phase difference of the input ports with respect to the
E port is observed, but general performance are good, since the simulated phase imbalance is
about then one degree on all X band.

Figure 12: Phase imbalance is plotted. Performance are very good since the phase imbalance
is less the one degree on all X band.
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A magic-T with very good performance have been designed and simulated, numerically validating
the analytical approach to the design of the two slotline-microstrip transitions.
Next steps are the physical realization of the magic-T and its measure validation, and then the
inclusion in the unit cell of the array.
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MAIN RESULTS OF THE STAY
Other(s):
Number of Publications: 2 scientific papers in preparation (1)_____________________________
_______________________________
Number of Documents/ Reports: __1___
(2)_____________________________
_______________________________
Number of Case Studies & Demonstrators: _____
(3)_____________________________
_______________________________
* Attach all relevant documentation that specifies your results

FORECAST ACTIVITIES
<Are there any envisaged activities following this secondment project, new collaborations, co
directed PhD, etc>

In order to improve CARE’s secondment program, please fill this short questionnaire. Use the space
at the end to expand your answers, if needed. Our aim is to improve the general experience for
secondees in future.

Disagree

Agree

GENERAL
My objectives were achieved. 1
The research topics were relevant to my work. 1
Public
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I benefited from being part of a wider research culture. 1

2

3⌧ 4

HOST ORGANIZATION
I am satisfied with the quality and quantity of supervision I received. 1
I had access to adequate resources to support my research.. 1

2
2

3
4⌧
3⌧ 4

SECONDMENT PROGRAM
I would recommend this secondment programme to others.
I believe the skills I have learned will help me to improve my job/research.
I would apply to another programme similar to CARE.
In general, how would you classify the CARE Secondment Programme?

1
1
1
1

2
2
2
2

3
4⌧
3
4⌧
3
4⌧
3⌧ 4

Other questions/comments to be potentially considered: ________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________

SIGNATURES

Candidate

Silvio Savoia

Date:
(year/month/day)

Signature ____________________________________________________
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