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Whole project overview

• Partnership with Instrumentation Technologies for the 

production of 200 units of BPMs planned for Elettra 2.0, based 

on pilot tone compensation

• Specifications:

• Sub-micron resolution @ 10 kHz

• Long-term stability better than 2 µm in 24 hours

• Compensation of thermal drifts, channel variations, cables 

response

• Modular approach:

• analog front end in the machine tunnel

• digitizer in service area
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Overall block diagram
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Pilot Tone Front End industrialization

• Although we are working on the whole system, this 

presentation will focus only on the front end (it is a mature 

product)

• Constructive dialogue with I-Tech: continuous revisions thanks 

to their expertise in product engineering and industrialization 

• Modifications proposed in last year presentation at LWS

• Control module + RF module becomes single board

• Miniaturization, less connections - higher reliability

• Passive cooling - maintenance free

• PoE - no external components required + remote power 

cycle possibility

• Remote FW upgrade
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Pilot Tone Front End industrialization
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Pilot Tone Front End industrialization
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Pilot Tone Front End industrialization

Results obtained working together: 

1. Technical improvements:

• Improvement on input/output matching

• Improvement on pilot tone phase noise

• Better shielding – better temperature stability

• Improvement on compensation (pilot tracks changes better)

2. “Ease of use” improvements:

• “rugged” and reliable instrument (use “on field”)

• Full documentation (user’s manual)

• Performance checked extensively with reports
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Amplifiers matching improvement

8

• Reduce signal reflections and standing waves

• Trade-off between components number and values of 

matching circuit, performance and repeatability of the design

meas @ 500 MHz Prototype Ind. version

S11 (input return loss) -14 dB -31 dB

S22 (output return loss) -16 dB -26 dB
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Amplifiers matching improvement -before
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Amplifiers matching improvement - after
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Pilot phase noise improvement
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• The source of pilot tone can be internal or external (SMA)

• In the former case is generated by a low phase noise PLL

• Frequency and amplitude are programmable

• Reference frequency from a 10 MHz crystal

• Filter of PLL need to be optimized for 500 MHz operation

• Jitter improvement: from 2.8 ps to 650 fs in a 100 Hz-10 MHz 

bandwidth
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Pilot phase noise improvement - before
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Pilot phase noise improvement - after
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Benefits from shielding

• Large heatsink –

homogeneous heat dissipation

• RF chain fully shielded

• Pilot tone tracks better 

channel variations (due to 

temperature, gain changes, 

etc)
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Benefits from shielding

• Measurements of temperature dependence with a 22-metre 

coaxial cable (LMR-195)

• 3 times better with respect to the prototype (measurements in 

climatic chamber – courtesy of A. Vigali, I-Tech)
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T variation (°C) X/T proto 

(µm/K)

X_C/T proto

(µm/K)

X/T ind

(µm/K)

X_C/T ind

(µm/K)

25°-15° step -8.2 -3.7 -6.5 0.9

15°-35° ramp -7.8 -3.65 -6.3 1.0

35°-25° step -7.9 -3.6 -6.2 1.0

compensated position
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Long term measurement in Elettra
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Project next steps

• First series of 10 BPMs – will equip a cell in Elettra 1

• Second series of 200 BPMs

• Electronic components shortage remains critical…

• Assure same level of performance on all units - challenge on 

repeatability

• FAT procedure on every unit (A. Vigali, P. Leban – I-Tech)

• Checks for basic functionality 

• Short term measurements (SNR, crosstalk)

• Long term measurements (stability)
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FAT
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Thank you!

19




