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Replace modular Electronics with FPGA
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Developing in VHDL/Verilog is hard and time consuming.

VHDL or Verilog programming skills
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CAEN Solution: OpenFPGA digitizers + SciCompiler firmware generator

OpenFPGA Digitizers
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Sci-Compiler generates firmware

DAQ

Other VPL (like Labview) generate code for CPU
running inside DAQ computer

Generate FPGA firmware that «runs» directly
inside the DAQ

Limited parallelism

High delay (ms)

Full parallelism

Low delay (ns)
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SciCompiler: ip integrator software

USER DESIGN

IP – Virtual Instruments

BUILDER ENGINE
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Examples of what you can do with Sci-Compiler

PHA with trapezoidal filter,
charge integration, peak detector,

or user custom algorithm

Convert any complex trigger 
logic into a single board, 

diagram based design

Realtime calculation of PSD using
several algorithms operating on

both exponential shape (for 
scintillators) or rise time (for He3)
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Examples of what you can do with Sci-Compiler

Reconstruction of interaction point
in position sense detector

Realtime calculation of FFT 
with no deadtime (can be 

used to implement trigger)

Time of flight spectroscopy, high 
resolution multichannel TDC



www.sci-compiler.com

Examples of what you can do with Sci-Compiler

Implementation of any custom 
filter, digital conversion of analog 
filter, advanced fixed and floating 

point math

Analog signal generation with 
DDS, Cordic or LUT based

Realtime calculation of signal 
statistical parameter
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(ESS) LOKI, BIFROST, MIRACLES, CSPEC, VESPA more than 10K channels

Davide Raspino - ISIS

Real time processing from 5000 channels to readout straw 
tubes for LOKI experiment @ ESS.
ESS BIFROST, MIRACLES and VESPA, CSPEC are using R5560 
and SciCompiler for readout
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(ESS) LOKI, BIFROST, MIRACLES, CSPEC, VESPA more than 10K channels
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(UNIMIB) Fiber Hodoscope CHNET MAXI

• 32X + 32Y scintillating fiber
• Readout using DT5560 digitizer, with PHA and coincidence trigger
• Real time image reconstruction using SciSDK and Python
• Will be installed and test on CRONOS ISIS detector in May 2024

Massimiliano Clemenza - UNIMIB
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(POLIMI) Ardesia 16 channels SDD read-out

• SDD matrix 4x4 detector 
• Front end: 4 channel Cube ASIC designed at PoliMI
• Achieving high throughput with minimal dead time 
• Good energy resolution. 

1% dead time, 250 eV @ 2.5 Mcps OCR
7% dead time, 230 eV @ 2.4 Mcps OCR
19% dead time, 200 eV @ 2 Mcps OCR 

Evaluation of the Maximum Throughput of ARDESIA-16 with Different 
Digital Pulse Processors – B. Pedretti

Fe55 Spectrum
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(NIKHEF) Sub-ns Time of flight measurament with DCFD 

Auke Colijn - Nikhef

Sub-ns time of flight of correlated gamma measurement 
using DT5550, PMTs and a custom firmware developed 
using SciCompiler
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(IRSN) Position sense He3 tube

Real time calculation of neutron interaction 
point using He3 tubes. 32 channels realtime 
center of mass and energy spectrum 
calculation.

picture from IRSN
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(ISIS) Realtime PSD on GS20 scintillator and Nanoparticles detectors

• DAQ 121, 1 GSPS 14 bit Advanced DSP
• Innovative Neutron detectors test beam with 

good gamma/neutron separation
• Reatime PSD SciCompiler Firmware
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(CNR) IFOX Sensor – Italian Fast Oxygen Sensor

Marchio registrato numero
302022000044975

gabriele.croci@unimib.it or 
marco.tardocchi@istp.cnr.it

Set up of the preclinical study by using the iFOX
sensor (A), the Mechanical Ventilator Milano 
(MVM) (B) and the lung simulator ASL 5000 (C).

mailto:Gabriele.croci@unimib.it
mailto:marco.tardocchi@istp.cnr.it
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Implementation of PHA
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Open-FPGA Board architecture

Primary function of a firmware:

Control the board acquisition process

Processing data

Transfer data to and from readout
PC/Server

FRAMEWORK

USER DEFINED 
PROCESSING LOGIC

CONFIGURATION READOUT

ADC/DAC MEMORY I/O
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Data readout

USB / ETH
LOCAL

BUS
BRIDGE 

LOCAL BUS
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Data readout

Generate Firmware

RESOURCE EXPLORER

Visual Firmware Debug

Data Readout
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Data readout – Resource explorer and SDK



Web Interface available on all new instruments

www.scicompiler.cloud
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Data readout – Resource explorer and SDK

Available open source on GitHUB

https://github.com/NuclearInstruments/SCISDK

Works on: Windows, Linux
Compatible with Raspberry PI

Available on: PIP, NPM, and APT (for Ubuntu) 
and ANT (java)

Documentation and examples available here:
https://nuclearinstruments.github.io/SCISDK/

Works inside Jupyter Lab, pre installed on new 
instruments
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Data readout – Resource explorer and SDK

Just enter in your terminal to start using SciSDK

pip install scisdk
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TOP
FILTER

FILTER

Heirarchical design
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Heirarchical design
PEAK_FINDER
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TOP

CH1
(FILTER)

CH1 - FILTER

CH2 - FILTER

CH3 - FILTER

CH2
(FILTER)

CH3
(FILTER)

Multi-channel design
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Multi-channel design

x4
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Integrated simulation

• Save your time → Compile can require hours, simulation few seconds
• Simpler debug → You can inspect any net and signal
• Better test coverage → You can insert critical signal to check how firmware perform  
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Integrated simulation

Generate analog signal to replace ADC data stream Write script to simulate 
Register RW
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Integrated simulation
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Remote Compile Service based on MyCAEN Cloud

Design entry with SciCompiler Upload project on the cloud Remote Compile on MyCaen
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Remote Compile Service based on MyCAEN Cloud

Download the firmware compiled Install the firmware on the device
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UPCOMING SYSTEM: WaveJET 5GSPS, 8 channels digitizer

Ultra FAST 5 GSPS Digitizer and Realtime Processor

“VERSION A” 
Analog Input:
• 2 x 5 Gsps, 14 bit 
• 8 x 2.5 Gsps, 14 bit

Analog Output:
• 8 x 10 Gsps, 14bit 

“VERSION B” 
Analog Input:
• 8 x 5 Gsps, 14 bit

Analog Output:
• 8 x 10 Gsps, 14bit 

• Programmable oscilloscope-like  analog front-
end

• Fully supported by Sci-Compiler
• Integrated solid-state disk for long time (up to 

hours) acquisition
• Ethernet and USB3 connectivity (optical 

optional)

PRELIMINARY
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UPCOMING SYSTEM: DIGITAL CHARGE INTEGRATION @ 5GHz PRELIMINARY
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UPCOMING SYSTEM: TRAPEZOIDAL PHA @ 5GHz PRELIMINARY

Diamond detector + Custom InGAs Amplifier + Xilinx RFSoC

Parallelized version of Trapezoidal Filter available in Sci-Compiler for new ultra-high-speed digitizer

Implementation of multi-GHz digital shaper for high-rate nuclear 
spectroscopy – A. Abba


