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Limits of our instruments of detection

5 phenomena which perturbate the front-end measurement:

➢ Pile-Up

➢ Balistic Error

➢ Cross-talk

➢ Intrinsic detector noise

➢ Electronic channel noise

σ²total = σ²det + σ²pu + σ²ba + σ²elec

Optimum Problem : Minimisation
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Optimal filtering channel

Elts of Interest

Charge conversion

Charge mobility

Signal amplifier

Signal optimum

Measures

Photons (gamma, X, light)

Charged particles(electrons, muons, ions)

Neutral Particles (neutron, neutrino, alpha)

Technologies of detection

CSA, Current Preamplifier

Optimal filtering

➔ To handle noise
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Signal Processing vs Available digital architecture

- AMPLIFIER / 

FILTRERδQ(t)

CD

CF

Deposed
Energy

Charge

M3M1
M2

M4

➔ Signal Processing fixe (few options)

➔ Few gain, few Shaping Time

➔No possible change
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Signal Processing vs Available digital architecture

Critères CPU CPU+AI-CoPro GPU FPGA ASIC

Adaptability

(to various model)
High High Moyen Low Aucune

Calculus power low Mean-High High High Mean

Latency Mean (ms) Mean (ms) Faible (µs) Faible(10 ns) Très faible

Input stream Low Mean High High High

Parallelism Low Mean High High High

Electrical power 

consumption
Mean Mean Mean Mean High

Easy to use Facile Moyen Mean Complex Very Complex

Density of model Moyen Low Low High High

Complexity to hold
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RISC-V EcoSystem

• Initially a UC Berkeley research project in 2010, RISC-V is not a processor but an instruction set specification (ISA). 

• RISC-V has been governed by the RISC-V Foundation since 2015 and then by RISC-V International in 2019.
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RISC-V EcoSystem

I: Basic extension present in all RISC-V processors

M: Integer multiplication and division (hardware accelerator)

A: Atomic memory operation (multiprocessor memory coherence)

C: Instruction compressed to 16 bits instead of 32 bits

F: Single-precision floating-point operations

D: Double-precision floating-point operations

Zicsr: Non-standard extension: Status control register

RV[SIZE] [EXTENSIONS] [Z_Extensions]
32b

64b

128b
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New Paradigme!

H(p)

CSA

ADC FPGA

Analog to 
Digital 

Conversion
Data Scaling

AI

Digital 
Filtering

Input Decision

C
P

A

Si PN

C1

C2
SPST1

C3

C4

C5
R1

R2

Z

Euler Z-FT
Low Pass Filter

Z

Euler Z-FT
High Pass Filter

R3

Bloqueur d ordre zero codeur

Numerical shaper

Analog Shaper

CONVERTISSEUR 
ANALOGIQUE NUMERIQUE

PAC

R&T OSCAR et ANR OSCARI
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Solution 

▪ ADC: 200Mech/s x 12bits ➔ 2,4Gbit/s ➔ 300MB/s 

▪ 8 channels ➔ 19,2Gbit/s = 2,4GB/s

▪ Choice of External ADC: Parallel Interface (CMOS/LVDS) or JESD204B

▪ small RISC-V type RV32IMC or RV32IMAC (ex: picoRV32)

Besoin FIFO ou DMA DDR

Notice: FIR/Conv1D/NN  ➔ always same operations: MAC/DSP

𝑧𝑖 =෍

𝑗=1

𝑑

൯𝑤𝑖𝑗𝑥𝑗 + 𝑏𝑖 , 𝑦𝑖 = 𝜎(𝑧𝑖 Matrix Multiplication

RISC-V RV32IMC with Vector extension : It allows operations on data vectors to be performed in a 

single instruction.
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Solution FPGA OSCAR 

Si PN

C1

C2
SPST1

C3

C4

C5
R1

R2

Z

Euler Z-FT
Low Pass Filter

Z

Euler Z-FT
High Pass Filter

R3

Bloqueur d ordre zero codeur

Numerical shaper

Analog Shaper

CONVERTISSEUR 
ANALOGIQUE NUMERIQUE

PAC

Si PN

C1

C2
SPST1

C3

C4

C5
R1

R2

Z

Euler Z-FT
Low Pass Filter

Z

Euler Z-FT
High Pass Filter

R3

Bloqueur d ordre zero codeur

Numerical shaper

Analog Shaper

CONVERTISSEUR 
ANALOGIQUE NUMERIQUE

PAC

TinyRV

Vector
Extension

FiFo

Analog Device

R&T OSCAR ➔ Modélisation python

➔ Synthèse sur KINTEX

➔ Etude ADC µElec 65nm

FPGA

0110010
1010110
1100100
0101100

OSCAR
Open System for capacitive 

Sensor aCcess & reAdout with 

aRtificial intelligence 
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Solution ANR PRCE 2026

1 Digital Modeling
2  OSCAR-FACE 

Digital Twin

3  RISC-V 

Optimisation

4  SDK for Asymetric 

Multiprocessor 

Configuration

Python SciPy

Functional

Modeling

5 OSCARUS ASIC
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KEYSOM
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KEYSOM
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KEYSOM
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KEYSOM
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NAIVE TRY

Harvard architecture, which means that instruction memory and data memory are separate.

Communication with UARTLITE



17 Frederic Druillole THINK – EL2I

NAIVE TRY

BRAM + LUTBRAM

RAM

ALU

DISTRIBUTED RAM
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Conclusion

▀ To manage the challenge, we have to master the quantity of RAM.

▀ To speed calculation, we need to compress instructions

▀ To speed calculation, we need to use Vector Extension and optimize the model (THINK)

Keysom Product KINTEX (LICENSE)

ASIC IP

▀ Build a High-speed ADC from start (65nm).

▀ Build RISC-V multi parallel processor system with OS.

▀ Explore a rupture Processing architecture to optimized instruments.


