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Whole project overview

• Partnership with Instrumentation Technologies for the 

industrialization and 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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Project current status

• First batch of 10 front ends produced and tested (FAT 

procedure on every unit)

• Additional 10 units already delivered at Elettra

• Mass production (remaining 190 units) is ongoing and 

expected to be finished in 2023

• Time to move on the digital part
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Digital board – FMC Cards

• Separation between carrier board and FMC cards with ADCs

• Pre-series of 4 FMC ADC cards completed with success

• Design confirmed and tested with extensive measurements 

(long-term tests)

• Additional 10 units 

currently in production

at I-Tech
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Digital board – Central Unit

• Board based on Intel Arria 10 SoC FPGA

• Previous experience with Intel/Altera FPGA family (Cyclone 

V/10, Arria 10 GX), used to verify FMC card performance and 

preliminary measurements of the overall BPM system

• Step forward

• Bigger FPGA

• Two FMC onboard -> 2 BPMs parallel processing

• From standard FPGA to SoC (with hard processor inside)

• Dedicated chassis designed by I-Tech
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Digital board – Central Unit
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Central Unit – front and back
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Digital board – Central Unit

• Quite complex design:

• DDR3 onboard (SODIMM + HPS)

• 10 Gb/s transceivers (10 Gb Ethernet)

• 400 pins per FMC

• 1517 FPGA pins

• 16-layer printed circuit board (PCB)

• Impedance controlled differential pairs

• Additional hardware (clock generators, RTCs, fan controllers, 

USB/ETH PHY chips)

• What can go wrong? A lot of things!
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Digital board – What can go wrong?

• Classification of faults/mistakes using 3 areas:

1. Logical / schematic issues: components not connected 

correctly (e.g. voltage mismatches on pins, power-up 

sequence)

2. PCB design issues (wrong footprint, impedance rules not 

obeyed, etc)

3. Manufacturing issues: problems during PCB production 

or assembly phase
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Examples – Schematic issues

• Serial port on HPS not working properly on certain power 

sequence – due to Reset pin 

• Datasheet unclear and modified – old datasheet still present on 

manufacturer’s website
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Examples – PCB issues

• Wrong footprint – devices with same name have different 

footprints (different manufacturers)
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Examples – PCB issues
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Examples – Manufacturing issues

• Power regulator DOA on one board

• Humidity problem – dedicated application note 

• https://www.analog.com/media/en/technical-

documentation/product-information/assembly-considerations-

for-umodule-bga-lga-package.pdf
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Examples – Manufacturing issues

• Power regulator DOA 

• Humidity problem 
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Examples – Manufacturing issues
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Conclusions

• Designing a complex board from scratch is quite challenging

• Prototypes are needed for confirming design and repeatability 

(100 units to be produced)

• Partnership with an experienced manufacturer is useful in 

particular for production phase

• Next steps:

• Produce first digital board pre-series of 10 units

• Arrange for FATs and prepare documentation for testing and 

first powerup/programming (operations to be done at the 

manufacturer’s site)

• Have a complete system (FE, new digital unit) running in 

Elettra storage ring
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Thank you!
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