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CONCLUSIONS

• ADCs non-linearity strongly influences beam position measurements at micrometer scale

• The pilot tone can be used to achieve the desired linearity when a gain variation is not feasible

• The analog front end needs to be coupled with an adequate digitizer

First test in the laboratory of Diamond’s Beam Diagnostics Group 

Results with beam

The analog front end was subsequently placed in Diamond storage ring tunnel and connected to button BPMs (radius of 10.3mm) by means of four 2-metres cables to detect the signal at 499.680MHz.
Power and communications were supplied by an Ethernet cable. The output of the front end was connected to the 16-bit, 160 MS/s assembled digitizer located in the CIA (Control and Instrumentation Area) with more than 20 metres of cables.

ADC non-linearity
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In BPM systems, the dependence of measured 
position on beam current is a well-known 

behaviour due to many factors. Measurements 
were carried out at Diamond Light Source with 

the pilot-tone compensated RF front end 
developed at Elettra and they evidenced a 

strong link between that issue and the integral 
non-linearity (INL) of the ADCs.

A potential way to reduce this dependence is to 
change the gain of the preamplifiers following 

the beam current variation, trying to coerce the 
ADC into working as close as possible to a 
specific level. In this paper, along with the 
results of the tests performed at Diamond, 

which confirm once again the effectiveness of 
the front end, an alternative technique is 

proposed to mitigate the current dependence 
by using the pilot tone itself.

The idea is to maintain constant the total 
amplitude at the input of the ADCs, which is 

composed of the signal from the beam plus the 
pilot tone. Our data demonstrate how, by 

changing the latter in a convenient way during 
the current variations, we can achieve a 

reduction of the dependence by a factor of 10 
considering an equivalent current ramp from 10 

to 300 mA.

A dedicated testbench for the ADCs without the front end was prepared to better understand the described specific behaviours. It was composed of two RF generators with the same reference oscillator (one for the pilot, one for the carrier), a passive 
combiner, a passive 4-way splitter, four rigid cables and four 6 dB attenuators at the ADCs input stages for wideband impedance matching purposes. The positions were calculated in the same way as the measurements at Diamond Light source, except for 

the radius of the pick-ups. The scale factor was fixed at 20mm as the BPM buttons located in Elettra storage ring, so all the standard deviations and the detected movements have a factor of two respect to Diamond’s ones.

(Elettra-Sincrotrone Trieste S.C.p.A., Trieste, Italy)

The analog front end developed at Elettra for electron BPM applications has already
been presented in previous papers. The proposed compensation strategy used has
proven its effectiveness in several tests both on bench and on the storage ring during
the normal operation of the machine. In order to verify the excellent performances
on different accelerators with different parameters, a new measurement session was
carried out at Diamond Light Source. A fixed beam was emulated by an RF generator
and a 4-way splitter connected with semi-rigid coaxial cables to the front end. This
last one was coupled with a Libera Spark as a fast 4-channel digitizer and the
decimated IQ data were used for the analysis, calculating the FFT and working on
carrier and pilot amplitudes. time-variant. During the acquisitions, the cables from
the front end to the Libera Spark were twisted and wobbled: figure on the left shows
the calculated position with the movements due to the cables and figure on the right
illustrates the compensated position using the pilot tone. An improvement of a
factor of 5 on the standard deviation has been obtained, and more than a factor of
10 considering the peak-to-peak value, virtually cancelling the shifts introduced by
the cables. Note the different y scales of the two figures.

A clock conditioner ensured the correct synchronization
of the system clocks with the storage-ring clock,
generating both a low-jitter sampling clock for the ADCs
and a reference clock for the pilot-tone synthesizer. Every
position sample was calculated through an FFT of 2.4
million samples.

A long-term acquisition has been captured in a time
window of 24 hours, while the machine was running for
the users in top-up mode (3 GeV and 300mA): figure
above illustrates the compensated beam position with a
standard deviation less than 1 μm for both horizontal
and vertical coordinates.

Then, we used a machine-dedicated beamtime to test the system with various machine conditions, in particular to investigate
the beam current dependence without changing the gain of the preamplifiers. Figures above show the positions of the carrier
and of the pilot respectively during a current ramp from 2 to 300mA in a short time (about six minutes). While a different
thermal load of the machine could explain the small drift in the carrier position (real different orbit) during the ramp, the
position shift of the pilot should not be related to the current. The signal levels were far from saturation and intermodulation
points, so our suspicion pointed to ADCs behaviours.

First of all, an equivalent current ramp from 10 to 310mA was
generated with the carrier only: results in figure above show a
significant variation in position due to integral nonlinearity within
the range specified by the manufacturer of the ADCs.

Moreover, we tried to keep a constant total amplitude at the input of the ADCs, simultaneously changing the power of both RF generators during the current ramp. The strategy
followed was to decrease the pilot amplitude while the carrier amplitude increased. An improvement in accuracy is clearly visible in figures above: in particular the standard
deviation of the y coordinate has been reduced by a factor of 10. We measured the integral non-linearity of the ADCs using the same testbench. The results confirmed that the
ADCs exhibit this behaviour, which, although better than the manufacturer’s specifications, is large enough to affect the calculated position at micrometre scale.


