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Motivation

[1] Dumoulin Stuyck et al., Symposium on VLSI Circuits, 1-2, (2021)
[2] Elsayed et al. arXiv: 2212.06464, (2022)
[3] Diraq, press release
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Background: DC-PSB Cascade Readout

[1] Van Diepen et al., Nat. Comms, 12, 77, (2021) -> Vandersypen Group!

Sensor far away from qubit:
• GaAs 4-dot
• PSB at dots 1 ↔ 2
• Cascaded charge relocation
• Strong sensor signal at dot 4

Readout SNR:
• Boosted by 3.4 over 

“classical” PSB at 1 ↔ 2
• Due to closer proximity of 

charge relocation
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The Device & Setup

[1] Dumoulin Stuyck et al., Symposium on VLSI Circuits, 1-2, (2021)
[2] Ahmed et al., Phys. Rev. Appl, 10, 014018, (2018)

IMEC-device (planar, high-R Si):
• 30 nm thick poly-Si gates (EBL)
• 8 nm SiO2 (thermal) + 5 nm (high-T) gate-oxide 
• 2 gates but form a triple-dot (“corner-dots” similar in FinFETs?)
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Reflectometry setup:
• Superconducting spiral inductor in parallel 

with ohmic contact
• Sensitive to reservoir transitions of large 

dot QME



Making Sense of the Stability Map (an Attempt)
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Observe jumps in sensor transition:
• “2” slopes -> Q1 & Q2

• Charge configuration of Q1 & Q2 known (not shown explicitly)
• Vary Gs voltage 
• Faint feature at interdot transition (1,1,N) ↔ (0,2,N-1) 
• “Electron Cascade” because it is a 2nd order-process



The Cascade

6

RF excitation of tank capacitively  “drags” the level of Q2 across the interdot transition in a cycle
-> Larger dispersive shift than through in-situ dispersive charge readout! 

-> SNR amplification: 



Detecting PSB (the Quantum Motion-way…)
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Model yields 𝑡𝑐 = 2.4 𝐺𝐻𝑧 𝑇𝑒 = 50 𝑚𝐾



Singlet-Triplet Oscillations
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Pulse scheme: 
• Load singlet in (0,2)
• Separate electrons to (1,1)
• Time-evolution at finite detuning
• Adiabatic ramp to readout point

Splitting of S and T0: ℎΩ = 𝐽(𝜀)2 + Δ𝐸𝑍
2

Spin detuning Δ𝐸𝑍 = Δ𝑔𝜇𝐵𝐵 + 𝑔𝜇𝐵Δ𝐵𝐻𝐹

Applied field: 250 mT
vs. Holes in planar Si:[1] 5 mT
vs. Holes in planar Ge/SiGe:[2] 0.5 mT

Hyperfine energy: 3.4 neV
[1] Liles et al., Nat. Comms, 15, 7690 (2024)
[2] Jirovec et al., Nat. Mater, 20, 1106-1112, (2021)



Spin-Orbit Interaction
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Variations of ∆g with in-plane field angle:
• Change in S-T oscillation frequency
• Model based on Rashba and Dresselhaus SOI: 

Δ𝐸𝑍 = Δ𝑔𝜇𝐵𝐵 + 𝑔𝜇𝐵Δ𝐵𝐻𝐹

For comparison, easily achievable for holes in 
FinFETs and GeSi NWs: 

Δ𝑔 = 1 ↔ 14 𝐺𝐻𝑧/𝑇



Exchange Control & Coherence
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Exchange-oscillations of ۧȁ↑↓ ↔ ۧȁ↓↑
Coherence called 𝑇2

∗

Spin-noise limited at larger detuning
Entangling gate! (Fidelity ≤ 98%)

𝛿𝐸𝑍,𝑟𝑚𝑠 = 3.4 𝑛𝑒𝑉



Really that low Charge/Detuning Noise ???
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𝛿𝐸𝑍,𝑟𝑚𝑠 = 3.4 𝑛𝑒𝑉

Liles et al., Nat. Comms, 15, 7690 (2024):
Planar Si hole in Diraq-device

This work:
Planar Si electron in IMEC-device

Measurement time = 79 h: 
definitely not single-shot



Echo Sequence
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Two-axis control imperfect due to limited control of ൗ𝐽 ∆𝐸𝑍

• Calibrating pulse lengths difficult

• Decay of echo amplitude yields: 𝑇2
𝐸𝑐ℎ𝑜 = 420 𝑛𝑠

(vs 1.2 us in [1])

[1] Liles et al., Nat. Comms, 15, 7690 (2024)



Conclusions

13

RF-Electron Cascade Readout:
• Cool experiment, but only works for very specific tuning of dots
• Expands on single-lead dispersive charge sensor
• No single shot or readout fidelity reported

Singlet-Triplet qubit:
• Industrial device fabricated on 300 mm process
• Competitive coherence times and noise levels
• Not enough tunability (need more gates)
• Possibly longer range electron cascade experiments in the future…



Thanks for your attention ☺
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