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Abstract

To reliably and repeatably validate the electromagnetic be-
havior of the pickup prototypes designed for the Elettra 2.0
button-type beam position monitors, two different radio-
frequency test fixtures have been developed. The first test
fixture, based on a coaxial-line design that emulates the TEM
excitation generated by a relativistic beam, allows to measure
the transmission performance of the pickups up to 16 GHz.
The second test fixture, employing an antenna-launcher de-
sign, extends the measurement range up to 40 GHz. This pa-
per presents a comparison between measured and simulated
data, with particular focus on the electromagnetic validation
of the first 16 prototypes manufactured using glass as the
dielectric material.

INTRODUCTION

Figure 1 shows the reference design for the Elettra 2.0 [1]
button-type pickups, together with the SMK connector (pin
contact, according to MIL-STD-348B [2]) embedded in the
pickup body. Such device is manufactured press fitting the
collar C (that implements the reference plane of the SMK
connector) on the pickup body B. The insulator collar, indi-
cated in green, fulfils two functions: it provides mechanical
support for the central pin P and it ensures vacuum sealing.
The pickup is basically a 50 Q coaxial line from the SMK
connector reference plane up to the insulator, which termi-
nates in the conical button that couples with the EM field of
the beam. In normal operation, the electromagnetic (EM)
energy captured by the gap around the button (the beam
port), propagates along the pickup coaxial structure and is
delivered to the position detection equipment through the
SMK connector (the radio frequency (RF) port).

Figure 1: Reference design for the Elettra 2.0 pickups and
embedded SMK connector cross sections.
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RF CHARACTERIZATION OF PICKUPS

The behavior of any kind of button-type pickup can be
fully characterized by reflection and transmission measure-
ments performed under test reference conditions, using time
domain (TD) or frequency domain (FD) signal processing
methods [3]. Transmission measurements can not be directly
executed because the beam port of the pickup is not intended
to be directly connected to measuring devices. For this rea-
son a dedicated adapter is required to create a completely
closed propagation path that, starting from the RF port of
the pickup, passes through the beam port and terminates
on one or more 50 Ohm matched test connectors. Once
such propagation path has been physically realized, trans-
mission measurements are executed injecting a test signal in
the pickup through its coaxial connector and measuring the
amplitude and phase (FD) or amplitude and time of arrival
(TD) of the signals detected on the adapter’s connectors.

TEST FIXTURES

To get a reliable and repeatable EM characterization com-
parable with simulation, each pickup is mounted on ded-
icated metallic mechanical supports made of aluminum,
named test fixtures, that host RF connectors to perform both
reflection and transmission measurements under closed en-
vironment test reference conditions. The dielectric material
inside the test fixtures is air. Injecting the test signal through
a test fixture port the flow of the EM energy that propagates
through the pickup can be reversed, allowing bi-directional
transmission measurements. In order to define complete self
consistent EM test environments, a reference wire pickup
has been manufactured using a uniform wire suspended in
air as central pin. For the experimental measurements, a
Teledyne LeCroy WavePulser 40iX (TDRMI) was employed
for time-domain analysis (transmission and reflection up
to 40 GHz). For frequency-domain characterization up to
26.5 GHz, a Keysight PNA network analyser (VNAMI) was
used.

Two Ports Test Fixture General Description

The simplest type of test fixture, indicated as “2PTF”, is
based on a two ports, single SMK connector configuration,
see Fig. 2 (left). A short wire antenna, that couples with the
beam port of the pickup, is directly mounted on the central
conductor of the test fixture’s SMK connector (plug type).
This antenna is aligned along the rotational symmetry axis
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of the test fixture. Upon mounting the pickup under test, the
resulting assembly is equipped with two SMK connectors,
each possessing a nominal characteristic impedance of 50 Q.
This configuration allows the measurement of the full 2 x 2
scattering matrix.

Figure 2: Two ports and three ports test fixture 3D cross
views.

Two Ports Test Fixture EM Characterization

The assembly of the reference wire pickup mounted on
the 2PTF, together with the corresponding EM model is
shown in Fig. 3. The connector C2, the RF port of the ref-
erence wire pickup, corresponds to the port P2 of the EM
model. The short wire antenna of the 2PTF is connected to
the connector C1, which corresponds to the port P1. The
comparison between simulated and measured S,; scattering
parameters measured by TDRMI and VNAMI is shown in
Fig. 4. In the same figure the data simulated by CST [4] in
TD and HFSS [5] in FD are reported. The excellent agree-
ment between measured and simulated data demonstrates
the correspondence between the EM model and the real
measurement setup.
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Figure 3: 2PTF with mounted reference wire pickup cross
view (left) end the corresponding EM model (right).
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Figure 4: Comparison between simulated and measured
transmission data for the assembly 2PTF plus reference wire
pickup.

Three Ports Test Fixture General Description

This device [6] is based on a 50 Q nominal characteristic
impedance coaxial line that, through an aperture located
at its middle length, is able to couple with the beam port
of the pickup under test, see Fig. 2 (right). The pickup is
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mounted orthogonally to the coaxial line, which supports the
TEM propagation mode, the same excited by charged particle
relativistic beams. Due to practical machining constraints,
the outer diameter of the inner conductor has been fixed
to 3 mm, while the inner diameter of the outer conductor
has been fixed to 7 mm, according to the IEC 61169-16
standard for N connectors [7]. The ratio between these value
is 2.33, corresponding to 50.8 Q in air, with cutoff frequency
of the first high order mode (T E{;) equal to 19.4874 GHz.
The commercial N to SMA adapters (N-MALE to SMA-F)
mounted to support the inner conductor of the coaxial line
have a maximum operative frequency of 16 GHz that, being
lower than the frequency of the TE;; mode, is set as the
maximum operating frequency for this kind of test fixture.

P2
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Figure 5: 3PTF with mounted reference wire pickup cross
view (left) end the corresponding EM model (right).

Three Ports Test Fixture EM Characterization

The assembly of the reference wire pickup mounted on the
3PTF, together with the corresponding EM model is shown
in Fig. 5. The connector C1, corresponding to the port P1 of
the EM model, is connected to the coaxial line. The connec-
tor C3, corresponding to the port P3, is terminated on a 50 Q
load. The RF port of the reference wire pickup, that is the
connector C2, corresponds to the port P2. The comparison
between simulated and measured S,; scattering parameters
measured by TDRMI and VNAMI is shown in Fig. 6. In
the same figure the data simulated by CST in TD and HFSS
in FD are reported. The excellent agreement between mea-
sured and simulated data demonstrates the correspondence
between the EM model and the real measurement setup.
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Figure 6: Comparison between simulated and measured
transmission data for the assembly 3PTF plus reference wire
pickup.

PICKUP PROTOTYPES RF
CHARACTERISTICS

According to the reference design for the Elettra 2.0 pick-
ups, the first 16 pickup samples based on glass sealing tech-
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nology (used for the insulator collar) have been fabricated
by Kyocera (Japan), see Fig. 7. The central pin is made of
molybdenum, the pickup body and the SMK connector col-
lar are made of AISI 316L. Following the same procedures
adopted for the reference wire pickup, these pickups have
been electromagnetically characterized through the 2PTF
and 3PTF test fixtures. Figures 8 (top) and 9 (top) show,
respectively, the frequency response of S,; measured by
the 2PTF and 3PTF. The corresponding standard deviations,
calculated on the population of 16 samples, are shown, re-
spectively, in Figs. 8 (bottom) and 9 (bottom). The low
value of the standard deviations is indicative of the excellent
quality of the manufacturing process of these devices.

Figure 7: Top and bottom views of the Elettra 2.0 pickups
manufactured using glass sealing technology.
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Figure 8: 2PTF characterization of the Elettra 2.0 pickup
prototypes.

Taking for granted the nominal dimensions of the pickups
components and assuming the electric permittivity of glass
equal to 4.8, Fig. 10 shows the comparison between the
simulated (CST (TD) - HFSS (FD)) and measured mean
value of S,; using the 2PTF (top) and 3 PTF (bottom) test
fixtures. Even in this case the agreement between measured
and simulated data is very good.

CONCLUSION

The introduction of both 2PTF and 3PTF test fixtures has
enabled the reliable and repeatable electromagnetic charac-
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Figure 9: 3PTF characterization of the Elettra 2.0 pickup
prototypes.
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Figure 10: 2PTF (top) and 3PTF (bottom) comparison be-
tween the simulated value of S,; and its measured mean
value.

terization of the button-type pickups for the Elettra 2.0 beam
position monitors, while also assessing the high quality of
the pickups’ construction process. Furthermore, the 3PTF is
an excellent tool for the practical sorting of pickups in groups
of four with very similar signal transmission characteristics.
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