
SPIN Journal Club 19-09-2022, arXiv:2208.12131

PhD thesis (12/2018): 
Cryogenic electronics and quantum dots on silicon-on-insulator for 
quantum computing

supervised by Marc Sanquer (Grenoble)

1



Previous work by VTT and John Morton’s group
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Previous work by VTT and John Morton’s group

Duan et al., APL 118, 164002 (2021)
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VTT’s Micronova cleanroom facilities
Based in Espoo, Finland; jointly run by VTT and Aalto
University; total area of 2600 m2

https://www.vttresearch.com/en/ourservices/micronova-center-
applied-micro-and-nanotechnology
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• Hybrid quantum-dot-CMOS technology: 
o QDs embedded in a 64-channel cryogenic

CMOS multiplexer
o scalable interfacing of up to millions of QDs for 

variability analysis and qubit geometry 
optimization

• Low-noise electron and hole QDs:
o unprecedentedly low charge noise at 5.6K
o CMOS process that utilizes a conventional 

doped-Poly-Si/SiO2/Si MOS stack

Key findings
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Device fabrication
• 150mm silicon-on-insulator wafers (tBOX=400nm)

• 8 UV and 3 e-beam lithography layers

• Gate oxide: 20nm thermal SiO2

• NW (fin) height = 24nm, NW width = 70nm

• n++ doped Poly-Si (thickness = 50nm (1st gate layer)/ 80nm (2nd gate layer)

• RT resistivities of Poly-1 and Poly-2 films:  1.14x10-2 Ωcm and 0.19x10-2 Ωcm 

• Gate length 50nm, gate pitch 100nm (?)

• Gate layer isolation oxide: 35nm LPCVD SiO2

• Ohmic contacts: phosphorous (n-type) or boron (p-type) implantation
o 250nm LPCVD SiO2, anneal at 950C to activate dopants and anneal the dielectrics

• Contact holes for all three layers 
o dry and wet etching processes
o metallization layer consisting of 25nm TiW and 250 nm AlSi

• Forming gas anneal

Mobilities from [1]: 𝜇𝑒 = 608 

cm2/Vs, 

𝜇ℎ = 260 cm2/Vs
[1] Duan et al., APL 118, 164002 (2021)
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Multiplexer, CMOS logic and quantum dots

• Cryo-MUX consists of a 6-to-64 decoder and 
analog switches (pairs of n- and p-MOSFETs)

• To select one of the devices (24 electron and 
hole single QDs, 24 e and h DQDs, 16 test 
NWs) a combination of the A0-A5 voltages is 
supplied to the decoder

• To have the switch transistors fully open 
Vadd=1.5V is applied

• All 64 devices share the same 5 chip 
terminals to drive the gate voltages

• Cryo-CMOS logic leakage current <1pA, 
corresponding to the sub-pW power 
dissipation level
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Subthreshold swing

𝑆𝑆 =
𝜕𝑉𝐺𝑆

𝜕log(𝐼𝐷𝑆)
subthreshold swing

𝑆𝑆 = 𝑚 𝑙𝑛10 𝑘𝐵𝑇/𝑒T-dependence

𝑆𝑆 300𝐾 = 80 mV/dec

𝑆𝑆 5.6𝐾 =4 mV/dec

Assuming linear T-scaling: 80mV/dec/300K*5.6=1.5mV/dec

𝑆𝑆-saturation due to a disorder-induced tail 
in the DOS below the edge of conduction and 
valence bands

4 mV/dec is the world’s sharpest to-date 𝑆𝑆
values of 4 mV/dec 
(4 mV/dec value corresponds to 1.5meV band 
tails below Ec and Ev)

Bohuslavskyi et al., IEEE Electron Device Letters 40, 5, 784 (2019)

Low disorder due to Poly-Si/SiO2/Si process and not:
“The recently demonstrated foundry-grade hole and electron spin qubits used the 
advanced fabrication process with a high-k metal gate (HKMG) with either high-k oxide 
and metal gate [9,11] or just a metal gate in the gate stack [10, Basel-IBM devices] 
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CMOS inverter
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Tunable few-electron double quantum dots

𝑇= 5.6K
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Tunable low-noise electron and hole QDs

Current devices have no charge sensor
→ dc transport measurements: they assume that 
the few-electron/hole regime has been reached 

𝑇= 5.6K
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Low-frequency charge noise in electron QDs

𝑇= 5.6K
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Quantum dot variability

Average 𝐸𝑎𝑑𝑑 = 18 meV

Average α = 0.33 eV/V
(despite 20nm gate oxide)

𝑇= 5.6K

Average S 1Hz = 22 𝜇𝑒𝑉/ 𝐻𝑧
at 𝑇= 5.6K!

Average circular QD radius = 41 nm

Measurements from just 2 devices?
They have 72 electron and 72 holes QDs on this chip13



Charge noise at 1 Hz

This work:

average 𝑆𝑒 1Hz = 22 𝜇𝑒𝑉/ 𝐻𝑧

average 𝑆ℎ 1Hz = 28 𝜇𝑒𝑉/ 𝐻𝑧
at 𝑇= 5.6K in the few-electron/hole regime(?)

Assuming linear 𝑇-scaling of charge noise:

Estimated charge noise at 100 mK: ≃ 0.4 𝜇𝑒𝑉/ 𝐻𝑧

Lowest noise values reported so far for

Ge/SiGe heterostructure QDs: 0.62 𝜇𝑒𝑉/ 𝐻𝑧

Reason for low-disorder: 

all-silicon gate-stack (IMEC 3.6 𝜇𝑒𝑉/ 𝐻𝑧)

[1] Petit et al., PRL 121, 076801 (2018), [2] Lodari et al., Mater. Quantum. Technol. 1, 011002 (2021)

from [1]

from [2]

Spence et al., 
arXiv:2209.01853

Mobilities from [1]: 𝜇𝑒 = 608 

cm2/Vs, 

𝜇ℎ = 260 cm2/Vs
[1] Duan et al., APL 118, 164002 (2021)
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Electron QDs at 300mK
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