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Motivation

Various astroparticle experiments (e.g. IceCube (gen2), PUEO, RNO-G, and others) especially
(but not limited to) the ones detecting RF signals (Askaryan and/or Geomagnetic) often share
common requirements:

Multichannel DAQ with ∼ (100MHz − 2GHz) bandwidth and long/multiple buffers;
Multichannel Tx (arbitrary signal generator):

In-situ calibration and medium (e.g. ice) studies;
Building a ’test-bench’ for DAQ: simulated signals and noise in various configurations and
various phases;

Beam forming.

An RFSoC technology by AMD (Xilinx) may be a possible flexible solution for both DAQ and
Tx parts.

In this very general talk I’ll try to summarize what we’ve learnt so far when working with
RFSoC devices and corresponding tools/IPs.
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RFSoC General Idea: ADC+DAC, FPGA, PS in one chip

Figure from RFSoC Book

RF Data Converters:

ADCs (up to 16): 12/14-bit
up to 5.0 GSa/s;
DACs (up to 16): 14-bit up to
9.85 GSa/s;

PL – FPGA (various options,
next slide)

PS:

Quad-core Arm Cortex-A53 –
Operating System (PetaLinux,
PYNQ);
Dual-core Arm Cortex-R5
Real-Rime Processor –
Low-Level Real Control.
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https://www.rfsocbook.com/


RFSoC: Versions
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RFSoC: Versions
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RFDC

RF Data Converter is a key Xilinx IP for RFSoCs

ADCs and DACs are organized in
tiles:

Gen 1/Gen 2: 4 12-bit Dual
RF-ADC tiles, or 4 12-bit Quad
RF-ADC tiles;

Gen 3: 1, 2, or 4 14-bit Dual
RF-ADC tiles, and/or 2 or 4
14-bit Quad RF-ADC tiles;

Each tile is clocked independently.

Sasha Novikov (University of Delaware) RFSoC in astroparticle physics experiments FDF24, CERN, June-12 2024 8 / 14

https://docs.amd.com/r/en-US/pg269-rf-data-converter


Multi-Tile Synchronization, Beam Forming

In order to do beam forming
(phase array) the tiles must be
synchronized;

SYSREF – master timing
reference;

RFDC has an MTS
out-of-the-box (almost...)
feature;

MTS Overlay – a great example
of the MTS performance and
RFSoC overall.

images from Getting in Synch with RF Data Converters and MTS Overlay

Sasha Novikov (University of Delaware) RFSoC in astroparticle physics experiments FDF24, CERN, June-12 2024 9 / 14

https://github.com/Xilinx/RFSoC-MTS
https://support.xilinx.com/s/article/1071111?language=en_US
https://github.com/Xilinx/RFSoC-MTS


Software Tools

Vivado – PL (FPGA);

Vitis – PS;

IP Integrator;

MATLAB and Simulink;

PYNQ + Jupyter:
Very simple way to start
working with the devices;
Overlays – board-specific
implemented FPGA designs
which can be uploaded to the
chip from Jupyter;
No special software required –
works from browser. Figure from RFSoC Book
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https://www.rfsocbook.com/


Evaluation Boards: ”Standard” Options

$$$: ($10k+)
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Evaluation Boards: Academic 4x2 Version

RFSoC 4x2, Real Digital, Academic Version;

$2149 – requires approval from Xilinx University
Program (XUP);

Gen3 ZU48DR (4 ADCs and 2 DACs are active);
QSFP28 port for 4x25, 2x50 or 1x100 Gbps
Ethernet; 8 GBytes DDR4 (4Gbytes - PS; 4GBytes
- PL); ZCU208 compatible clocking subsystem

Comes with PYNQ image;

Vivado license through XUP;

Power draw (entire board running a spectrum
analyzer): ∼ 25W.

At UD we have ZCU208 and 4x2 boards
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https://www.realdigital.org/hardware/rfsoc-4x2


Useful Resources

RFSoC Book by University of Strathclyde;

RF Data Converter LogiCORE IP Product Guide (PG269)

Getting in Synch with RF Data Converters: MTS;

MTS Overlay;

RFSoC PYNQ;

RFSoC PYNQ Git;

PYNQ Forum;

Power Advantage Tool.
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Conclusion

RFSoCs are good candidates for various astroparticle experiments: both DAQ (Rx) and
Tx:

’Everything’ in one chip → simpler hardware design;
Flexibility: almost the same hardware can be used for different purposes;
Design can be split between different people: e.g. PL and PS;
PYNQ gives an opportunity to start working with the devices right away;

However there are still some cons:

Price/procurement;
Power consumption may be too high for some applications;
New technology → less expertise/resources and more bugs in designs and documentation.

Thank you!

Sasha Novikov (University of Delaware) RFSoC in astroparticle physics experiments FDF24, CERN, June-12 2024 14 / 14


	Motivation
	RFSoC Technology
	Software Tools and Evaluation Boards
	Useful Resources
	Conclusion

