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Objectives:

Interests:
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Quantum Interface Controller (QIC) ﬂ(IT

Full-stack DAQ development
for Superconducting Quantum
Detectors (MMCs, MMBs,
MKIDs) and Qubits using
custom designed boards and
COTs boards (Presentation)

Tools and methods for building
firmware/software for
heterogeneous devices
(MPSoCs, RFSoCs)

Develop DAQ systems
targeting future large-scale
arrays of superconducting
quantum detectors (to be
coordinated with DRD5)

Evaluation of new IP cores
available for FDM signal
processing in VERSAL VERSAL RF

ZynqUS+ RFSoC

MMCs/ MKIDs / Qubits
currently installed at
KIT-IPE
KryoDAQ Lab
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https://indico.cern.ch/event/1464286/contributions/6164877/attachments/2940638/5166099/2024-10-03_DRD7.5_KIT_Presentation_KryoDAQ_Luis_Ardila-Perez.pdf

Heterogeneous devices

ZynquUS+ MPSoC

PROCESSING SYSTEM
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= Quad Arm Cortex-A53
= Dual Arm Cortex-R5F
=  Arm Mali™-400MP2

= 16nm FinFET+ Programmable
Logic

ZynqUS+ RFSoC

PROCESSING SYSTEM INTERFACES

SYSTEM
FUNCTIONS

2 | conrica %
¥ i SECURITY
! PROGRAMMABLE LOGIC PR :

RF AND DIGITAL FRONT-END SuBsys TEM

RFApc | bbC /\CFR
RF-DAC

e [ o L

- RF-DACs (9.85 GSPS)
- RF-ADCs (2.5 or 5 GSPS)
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7nm FPGA + Processors + Al
Engines

= Network-on-chip backbone
= High bandwidth & low latency
= Built in arbitration
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VERSAL RF

Several Hard IP cores are of interest for
evaluation within the new VERSAL RF device
architecture

PCle Gen5
DDR5
56G Transceivers

Faster Programmable Fabric

Al Engines

Processing System
(PS)

Dual-Core
Arm® Cortex®-A72
Application Processor

Dual-Core
Arm Cortex-R5F
Real-Time Processor

Platform
Management
Controller

DDRS5,
LPDDR5X

PCle® Gen5

Al Engines

Programmable Logic

(PL)

DSP Engines

Block RAM

UltraRAM

100G Multirate 600G
Ethernet Cores Ethernet Cores

32G Transceivers 56G Transceivers

Programmable 1/0

(cld (o]
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Migration of our Firmware/Software Infrastructure ﬂ(IT

Karlsruher Institut fur Technologie

Frequency comb generator

Necessary steps: :

= Upgrade to Vivado v
2024 .2 for VEK280 . .
AXI AXI4 LITE | Stimulation DMA
board SuU ppOrt Smartconnect (Tone Generation) Controller|
= Replace ZyngMP core &
with CIPS core £
AXI4 LITE e
= Add the NoC core Versal CIPS- ®2
Control, Interfaces and Processing System 12 GB (6x 2
= Remove the DDR core - X4 | AXI NoC GB, 32-bit)
and connect things to P Lo LPDDR4
the NoC instead = =§=
. . atform Mangemen |
= Adjust device tree to i
) AXl4 LITE PIMC
CoangUI’e memOI’y (Pcllantnform Infom:aéion)
an lanagement Core,
addresses for DDR

Demonstrator firmware successfully runs on the VEK280 board!
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SoCks (SoC Blocks)

Presented in April 2025

Objectives:

Reduced complexity of the build process
Easy to learn and use

Fast and reliable

Simple debugging of projects

Full compatibility with GitLab CI/CD
Encourage reuse of software and firmware

Ideas:

Divide and conquer
Introduce a new abstraction layer (blocks)

~yocto-

PROJECT

ZyngMP
Boot Image

Second
Stage Boot
Loader
(SSBL)

Devicetree

ARM Trusted
Firmware
(ATF)

> ST

Karlsruher Institut fur Technologie

Platform
Management
Unit (PMU)
Firmware

First Stage
Boot Loader
(FSBL)

Vivado
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https://indico.cern.ch/event/1533039/contributions/6450985/attachments/3045191/5380687/KIT_update_SoCks_MFuchs.pdf

SoCks (SoC Blocks) ﬂ(".

Karlsruher Institut fur Technologie

SoCks can already build AMD Versal
images and supports most features.

DSP Engine
Block RAM «
UltraRAM v

Programmable Network on Chip «

General and High-Speed Connectivity g

= Currently a reduced number of blocks
= Components that we do not use in our current Applcaton Procesed

projects are not currently supported
u Real-time processor Real-Time Processo

= Al engines Platform Managemé
Y

=» Can be solved by adding additional blocks

and builders

Q Auanosuuon psadg-ybiH pue |eisusn)
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Plans ﬂ(IT
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= SoCks:
= Benchmark performance
= Release as open source software
= Detailed publication with tutorials (SoC
workshop in October 2025)
= Add support for Al engines (2026)

= Channelization Firmware (presentation):
= Benchmark performance and resources in
US+ fabric vs Versal fabric vs Al Engines
= Compare against hard IP core in Versal RF
once available
= Release module code and documentation

VEK280 VCK190

= Advanced Trigger Algorithms (Optimal Filter):
= Implementation and comparison on US+,
Versal Fabric, and Al engines
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https://indico.cern.ch/event/1518977/contributions/6644638/
https://indico.cern.ch/event/1518977/contributions/6644638/
https://indico.cern.ch/event/1381060/contributions/5923277/




Migration of our Firmware/Software Infrastructure ﬂ(IT
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Zynq US+ Demonstrator: Frequency comb generator

= Signal generation
module directly
connected to DMA
Controller

AXI axi4 UTE | Stimulation , DMA
Smartconnect [ " (Tone Generation) Controller,
r >

= Modules configurable
at runtime via

servicehub and AXI e »
~ ) DDR4AXI J DDR4 |
= Custom PIMC module » Pt soran ip— T
ZYNQ UltraSCALE+

for health checks e

= This demonstrator
showcases our full T PIMC

* (Platform Information

infrastructure ki Management Core)

Goal: Migrate demonstrator to Versal architecture to prove feasability
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