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What is DUNE?
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• Investigate Neutrino oscillation to prove charge parity violation 
(CP)

• Determine the order of the mass of the neutrinos
• Study supernovae, the formation of neutron stars and black 

holes



Far Detector (FD)
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65.8 m (L) by 18.9 m (W) by 17.8 m (H) 

B. Abi, R. Acciarri, M. Acero, G. Adamov, D. Adams, M. Adinolfi et al., Volume IV. the DUNE far detector single-phase technology, 
Journal of Instrumentation 15 (aug, 2020) T08010–T08010. 



Horizontal and Vertical Drift
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• ProtoDUNE-2
Prototype Experiment built in CERN (Geneva, Switzerland)

HD

VD



DAPHNE V1 and V2A
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Firmware

Hardware

Software



DAPHNE V3
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• Kria KR260 – DAPHNE V3

27/07/2022

Design of new architecture for Data Acquisition System

- Acquisition of development boards for the 
collaboration

https://github.com/fabioc9675/KRIA_Starter_Guide/blob/
documentation/Tutorial/T01_Kria_and_Vivado.md

https://github.com/fabioc9675/KRIA_Starter_Guide/blob/documentation/Tutorial/T01_Kria_and_Vivado.md
https://github.com/fabioc9675/KRIA_Starter_Guide/blob/documentation/Tutorial/T01_Kria_and_Vivado.md


CHALLENGES (Operation and Diagnosis)
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• It is necessary to implement an 
automatic test.

• Manual test: 
- A lot of time
- Reprocessing
- Non-standardization
- Possible failures

• Automatic test: 
- Better performance
- Multiple evaluation simultaneously
- Standardization
- Traceability. Also, can be used to do diagnosis and 

evaluation of performance in real time



Institutional Goals
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• To define of minimum operating requirements 
and testing protocol.

• To design and manufacturing an electronic 
test bench board system.

• To evaluate and validating the test bench 
performance.

• To evaluate the performance of a DAPHNE 
board using the test bench.

Use the test bench infrastructure to simulate hardware event signals 
and assess the performance of the DAPHNE board.



Proposed technical tests
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• Operating voltage test: Verify the board operation under specified voltages.

• Board impedance test: Evaluate signal integrity, power distribution and high-
frequency performance.

• Digitizing systems (AFEs) test: Validate the AFE's performance, linearity, 
noise levels, dynamic range, and overall fidelity in digitizing signals from various 
sources.

• PL operation (Fast DAQ) test: Timing accuracy, synchronization capabilities, 
data integrity, and overall system throughput. 

• Signal conditioning test: Gain, frequency response, linearity, noise levels, 
distortion, and impedance matching.

• PS operation (Slow control) test: Reliability, responsiveness, and accuracy in 
performing slow control tasks, such as adjusting settings, configuring 
parameters, or managing system states. 
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Test bench architecture
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Cooperation with Gustavo and Vinicius



Test bench as event signal simulator
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PoS(NuFact2021)191

https://www.ti.com/product/DAC3154

LoopBack with AFE5808A



Test bench as event signal simulator
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• Generation of simulated events 
based on physics.

• Measurement of the 
performance in readout system.

• Diagnosis of electronics' system.



Concept design
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Update March 2024
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DAC High Speed new analysis
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• DAC53508 Octal, 10-bit, buffered-voltage-output DAC with SPI 
(https://www.ti.com/lit/ds/symlink/dac53508.pdf?ts=1707117365109)

• AFE7950 4-transmit, 6-receive RF-sampling transceiver, 600-MHz to 12-GHz, max 1200-
MHz IBW 
(https://www.ti.com/lit/ds/symlink/afe7950.pdf?ts=1707153096602&ref_url=https%253A%25
2F%252Fwww.ti.com%252Fproduct%252FAFE7950)

• AFE7900 4T6R RF Sampling AFE with 12 GSPS DACs and 3 GSPS ADCs
(https://www.ti.com/lit/ds/symlink/afe7900.pdf?ts=1707154656670&ref_url=https%253A%25
2F%252Fwww.ti.com%252Fproduct%252FAFE7900)

• AD9088 Apollo MxFE Octal, 16-Bit, 16 GSPS RF DAC and Octal, 12-Bit, 8 GSPS RF ADC 
(https://www.analog.com/en/products/ad9088.html)

• MAX5869 16-Bit, 5.9Gsps Interpolating and Modulating RF DAC with JESD204B Interface 
(https://www.analog.com/media/en/technical-documentation/data-sheets/MAX5869.pdf)

• AD9164 16-Bit, 12 GSPS, RF DAC and Direct Digital Synthesizer
(https://www.analog.com/media/en/technical-documentation/data-sheets/AD9164.pdf)

•

https://www.ti.com/lit/ds/symlink/dac53508.pdf?ts=1707117365109
https://www.ti.com/lit/ds/symlink/afe7950.pdf?ts=1707153096602&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct%252FAFE7950
https://www.ti.com/lit/ds/symlink/afe7950.pdf?ts=1707153096602&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct%252FAFE7950
https://www.ti.com/lit/ds/symlink/afe7900.pdf?ts=1707154656670&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct%252FAFE7900
https://www.ti.com/lit/ds/symlink/afe7900.pdf?ts=1707154656670&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct%252FAFE7900
https://www.analog.com/en/products/ad9088.html
https://www.analog.com/media/en/technical-documentation/data-sheets/MAX5869.pdf
https://www.analog.com/media/en/technical-documentation/data-sheets/AD9164.pdf


KR260 Carrier Board Explorer
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• Biexponential model (Radiation 
events’ model)

• Radiation Event sampled (Geiger 
Detector)

Simulation model building
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• Baseline noise extraction

• Event model fitting



• Multiple event simulation

• Design of Event counter

Simulation model building
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• Trapezoidal Shaper Filter and 
DPP implementation



• Multiple event simulation

Simulation model building
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• Multiple event simulation
Simulation model building
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• Finalization of component evaluation

• Present a first version of the Schematic definition and design

• Generate a difference equation of the simulation model and 
implementation in Hardware

Next Steps
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Components support



• Libraries design
schematics design 
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Serching for the libraries of non-generic componentes such as 
the SOM and converters like DAC and ADC.

GICM



• Component placement
schematics design 

27

After gathering all the necessary libraries, each schematic 
sheet was created, following Fermilab’s schematic format. 

GICM



• Component placement
schematics design 
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The KRIA, SOM_A_B_C_D, and SOM_E_F_G_H schematics 
correspond to the sheet 3 of the Fermilab’s schematics.

GICM

SOM_A_B_C_D schematic*

SOM_E_F_G_H schematic*

KRIA schemtic

*The libraries needed to be updated



• Component placement
schematics design 
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The KRIA, SOM_A_B_C_D, and SOM_E_F_G_H schematics 
correspond to the sheet 3 of the Fermilab’s schematics.

GICM

SOM_A_B_C_D schematic*
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• Component placement
schematics design 

30

Board sensors

GICM

Analog chain test



• Component placement
schematics design 
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JTAG and UART

GICM

Clock generator



• Component placement
schematics design 
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SFP connection

GICM



• Summary progress
schematics design 
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GICM

Schematic Progress
Kria SOM connection 28
Analog sensor chain 17
Dac signal chain 20
JTAG and UART 90
Clock generator 90
SFP connection 52
Test point coupling 3
Voltage sources 80



• Pulse simulation
Generation of exponential pulses
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The Generation of Exponential Pulses with Modulation 
combines the use of the Z-Transform and predefined data 
arrays to create pulses in digital systems.

GICM

Experimental setup



• Pulse simulation
Generation of exponential pulses
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Difference equation implementation

GICM



• Pulse simulation
Generation of exponential pulses
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Array approximation implementation

GICM



• Pulse simulation
Generation of exponential pulses
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Comparison

GICM



Previous Concept design
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Previous Concept design
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New Concept design
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• Completing all remaining schematics with their appropriate 
libraries.

• Designing  boards for DAC testing
• Random Signal Modulation

Next Steps
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Thank you!
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