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Ge/Si Core/Shell Nanowire Quantum Dots & Qubits

[1] Froning et al. Appl. Phys. Lett. 113 (2018)
[2] Froning et al., Nat. Nanotechnol. 16 (2021)

[3] Carbadillo et al., in preparation.
[4] Geyer et al., arXiv, 2212.02308 
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Why these Nanowires?
• Excellent gate-control of QD-formation [1-3]

• Very strong SOI[2] (𝑙𝑆𝑂 ~ 4 𝑛𝑚 vs. 𝑙𝑆𝑂 ~ 31 𝑛𝑚 in FinFETs[4])
• All-electric tunability of:          𝑙𝑆𝑂 , 𝑔, 𝑓𝑅𝑎𝑏𝑖 , 𝑇2

𝐸𝑐ℎ𝑜

• Ultrafast 𝑓𝑅𝑎𝑏𝑖 ~ 435 𝑀𝐻𝑧 @ 𝑓𝐿𝑎𝑟𝑚𝑜𝑟 ~ 3.4 𝐺𝐻𝑧
-> Strong driving: breakdown of RWA (?)

• Anisotropies, Sweetspots, Gatemons, Majoranas (?) etc.

[5] Lyu et al., ResearchSquare, 10.21203/rs.3.rs-2324122/v1 (2022)
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Measuring Ge/Si Nanowire QDs

4

Sensor dot coupled through floating gate

Reflectometry on Ohmic (SC-L)

Wang et al., Nano Lett. 19 (2019);      Ungerer, Chevalier Kwon et al., arXiv, 2211.00763v2

Superconducting high-Z resonator (on-chip)

Hue et al. Nat. Nanotechnol. 2 (2007);     Hue et al. Nat. Nanotechnol. 7 (2012)Higginbotham et al., Nano Lett. 14 (2014)

DC-current

Roddardo et al. PRL 101, (2008),     Brauns et al., Phys. Rev. B. 93 (2016)

Here: Gate-Dispersive Reflectometry with surface-mount inductors

& perfect impedance matching at mK Temperatures and in B-field
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Reflectometry and Impedance Matching

[1] Colless et al., PRL. 110 (2013)
[2] Gonzales-Zalba et al., Nat. Comms. 6 (2015)

[3] Vigneau et al., arXiv. 2202.10516 
[4] Müller et al., Appl. Phys. Lett. 97 (2010)
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[6] Ibberson et al. Appl. Phys. Lett. 114 (2019)

Problems with GaAs-varactors:
• Freezing-out of diode
• Susceptible to magnetic fields

Fundamental problem of high-bandwidth measurements:

• Quantum devices: 𝑍 𝑇 ≥
ℎ

𝑒2
= 25.8 𝑘Ω 𝑡𝑜 ~ 𝑀Ω

• Standard RF-electronics: 𝑍0 = 50 Ω

-> LC-resonator for downconversion
-> Voltage-tunable capacitor(s) (varactor) for in-situ tuning 



Strontium Titanate Varactors

[1] Neville et al., J. Appl. Phys. 43 (1972)
[2] Hemberger et al., Phys. Rev. B. 52 (1995) [3] Apostolidis et al., arXiv. 2007.03588 
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Anisotropic dielectric constant below 10 𝐾:    
𝜀𝑟,(111) ~ 12′000 𝜀𝑟, 001 ~ 24′000

Highly tunable by large electric fields
-> Voltage-tunable capacitor

Quantum paraelectric SrTiO3

The engineering challenge: 
Small 𝑪𝒎𝒂𝒙 ≤ 𝟓𝟎 𝒑𝑭

Large fields in the crystal ~ 𝟓𝟎𝟎
𝑽

𝒎𝒎

Dominique Trüssel

Plate



Varactor Performance

[1] Heo et al., phys. stat. sol. 212 (2014) 
[2] Buisman et al., IEEE MTT-s internat. microwave symp. dig. (2005)
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Hyperabrupt varactors: 
𝛾 > 0.5

Tuning range:
𝑉𝑣𝑎𝑟 = 0 − 100 𝑉 ↔ 45 − 3.2 𝑝𝐹

𝐶𝑣𝑎𝑟 𝑉𝑣𝑎𝑟 =
𝐾

(𝑉𝑣𝑎𝑟 +Φ𝑑𝑖𝑜𝑑𝑒)
𝛾



Perfect Impedance Matching at 15 𝑚𝐾

[3] Eggli, Svab et al., in preparation. ARXIV!!
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Ge/Si core/shell nanowire 
quantum dot device 

[1] Conesa-Boj et al., Nano Lett. 7 (2017)
[2] Froning et al., Nat. Nanotechnol. 16 (2021)

Perfect impedance matching:
• moderate 𝑉𝑣𝑎𝑟
• only 1 varactor

Highly resilient to 
temperature-changes

Simon Svab



Field-Resilience of Matching with STO
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Charge Sensing
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Bias triangles in DC 
current: DQD

Interdot transition coincides with triangle baseline
Lead transitions of right dot
Faint excited state signature



Lineshape Fitting: Lead Transition
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Tuning the Interdot Tunnel-Coupling

rafael.eggli@unibas.ch 12

Selective control over interdot-tunnel rate



Impact of Impedance Matching on SNR
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[1] West et al., Nat. Nanotech. 14 (2019)

+𝟏𝟎𝟎%

Time-Domain SNR of charge transitions[1]

Signal boost by matching:  ∆𝑉𝑣𝑎𝑟 = 2𝑉 ↔ ∆𝐶𝑣𝑎𝑟 = 4 𝑝𝐹

At higher power: 𝑆𝑁𝑅 = 1.1 for 𝑡𝑖𝑛𝑡 = 41 𝜇𝑠

rafael.eggli@unibas.chEggli, Svab et al., arXiv. 2303.02933



Outlook: Real-Time Charge Sensing
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Conclusions & Outlook
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Compact hyperabrupt STO varactor:
• Resilient to magnetic field & cryogenic temperatures

-> More complex matching networks (multiplexing)
-> Matching with NbTiN high Q-inductors

Gate-dispersive charge sensing with a Ge/Si nanowire DQD:
• Significant SNR-gains by optimisation of impedance matching

-> Last hole: currently >50 holes!
-> Short enough 𝑡𝑖𝑛𝑡: single-shot spin readout
-> 𝑇1, 2-qubit gate benchmarking, scaling

rafael.eggli@unibas.chEggli, Svab et al., arXiv. 2303.02933
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Consistent Hyperabrupticity
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Temperature-dependence: GaAs vs STO
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Zero-Field Anomaly at 𝑚𝐾
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Lineshape Fitting: Interdot Transition
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Large-Scale Charge Stability Map
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