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INTRODUCTION

4 )
Quantum technologies have advanced dramatically over the last decade. Superconducting qubits, cryogenic detectors (SQUIDs, MKIDs, TES)

and quantum sensors are now approaching the fundamental sensitivity limits set by quantum mechanics [l], with applications ranging from

\quantum computing to searches for dark matter, axions and high-frequency gravitational waves [lI]. y
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However, as the quantum devices themselves improve, the readout and control chain has become the limiting factor. It directly 200 K
determines measurement fidelity, effective coherence time and SNR [lll], and it is one of the primary sources of decoherence T Source
through phase noise, crosstalk and electromagnetic interference. _E"O_K_I_I__ ® 1 Mixer
Current readout architectures compound the problem: proprietary systems offer little reconfigurability, scale poorly to multichannel 3K j e erudior
setups [IV], and are rarely designed with EMC engineering integrated from the ground up, a critical gap when EMI from the readout ]{m}_L_ R
hardware itself degrades quantum coherence.
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Open RF-SoC platforms such as QICK (Fermilab) [V] represent a promising path forward, enabling firmware-level customization, / _: . A
real-time DSP and low-latency control in a single reconfigurable unit. This thesis explores how to extend that approach into P I/ e
QIC L robust, low-noise, EMI-hardened readout architectures for both quantum computing and fundamental physics detectors. D e Qs Comueary© F"
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MOTIVATION
RF-SoC TECHNOLOGY il QICK PLATFORM

RF-SoC technology has reached the performance threshold required for quantum readout
QICK (Quantum Instrumentation Control Kit) platform is an open RF-SoC architecture that

integrates RF generation, digital downconversion, real-time DSP and low-latency control in a
single reconfigurable unit.
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QUANTUM PHYSICS DETECTORS QUBIT PLATFORM DIVERSITY
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Each application imposes different requirements on pulse shape, timing precision and
noise floor, but all share a common vulnerability: any imperfection in the readout tone or
control signal directly compromises qubit coherence and gate fidelity.

Quantum technologies are gaining strategic relevance in particle physics, enabling access to
experimental regions unreachable with conventional detectors.

Particularly in dark matter
searches (axions, ultralight
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Figure from “ RADES General Meeting & DarkQuantum Kick-off Meeting”
MPP, Munich, 7 May 2024

OBJECTIVE
CHARACTERIZE Il ENGINEER Il VALIDATION

Understanding the physical and electronic mechanisms Proposing a configurable RF readout & control architecture to BF'SOC
through which the RF readout introduces decoherence: integrating EMI hardening, low-noise signal conditioning and architecture
phase noise, electromagnetic interference, crosstalk precise timing synchronization across hardware, firmware and . _ .
between channels and timing imprecision software to preserve quantum coherence The architecture will be validated

through real-world
experiments—superconducting
qgubit processors and
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Figures from “Tunable-Cavity QED
with Phase Qubits” Figures from “Cryo-CMOS modeling and a 600 MHz cryogenic
clock generator for qguantum computing applications”

Figures from “A Quantum Engineer’s
Guide to Superconducting Qubits”
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