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What is quantum computing?
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* Novel form of computing which harnesses
guantum mechanical effects
superposition and entanglement.

* Two distinct states of the particle to store and
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Scaling problem — we’re back to silicon

Small prototypes containing tens of qubits.

Large scale error corrected quantum computers.

mm) Scaling challenge

[J. PARK et al., Journal of Solid-state circuits (2021) ]

Demonstrating key ingredients on different hardware approaches.

Silicon spin qubits seem
n promising:
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Need of the cryogenic electronics

= Long cable
= Complex wiring
= Heat dissipation

!

= Cryo-CMOS electronics
= Limited cooling power

[J. PARK et al., Journal of Solid-state circuits (2021) ]
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Spin-qubit readout: spin-to-charge conversion

Spin qubits in semiconductor quantum dots are formed when an
electron is electrostatically confined.

[ H. Yang et al., Physical review B, (2012) ]

Spin-to-charge conversion readout:
= A spin-selective tunnelling processes changes the electrostatic potential
= The SET gate reacts to this variation by changing its channel conductance.
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Spin qubit readout: measurement technique

i = NIET]

ii TR

i

" i R

“* —AHL R

Electronii Sl

reservoi!’i
H

m

Cr
T BW = GBWP
Ce Cwire
[ —AA——— _
SET M] RF SI (f) - e% (an(:wire)2
Bl (Yo ™ Vour 1 o
P T i
e | :
Electron; | L
rein:z:ri‘H * 1) SET
i TIA current measurement
MICHELE CASTRIOTTA 7/20

Spin qubit readout: measurement technique
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Compact readout based on current measurement

This work
v'Fully-integrated 150-nm
CMOS technology

v'Direct charge-to-digital
conversion

v'Time division
multiplexing architecture

v'Low power consumption

(1 mW/qubit)

RF reflectometry

v'Bulky off-chip
components

v'Fast analog-to-digital
converter / p-wave signals

v'Frequency division
multiplexing architecture

v'High power consumption
(>6 mW/qubit)
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Fully-integrated Cryo-CMOS spin-to-digital readout for spin qubits

< Introduction to quantum computer and cryogenic electronics

< Design and characterization of the readout at 4,2 K

= 150nm CMOS technology characterization

= Active gated integrator

= Programmable comparator

< Conclusion

= Entire readout
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150nm CMOS technology — DC characterization
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150nm CMOS technology — DC BSIM3v3 model
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Characterization of the integrator at 4,2 K
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Programmable floating-gate comparator
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» Compact, low power and
permanent solution.
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» It requires calibration.
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Hot electron injection in p-type FG transistor
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Programmable latched comparator based on
FG-transistor

Standard 150-nm CMOS Technology
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Characterization of the FG comparator at 4,2 K
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Characterization of the readout at 4,2 K
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Conclusions

» A fully-integrated CMOS readout operating at 4.2K for semiconductor spin qubits has

been developed, implementing a direct charge-to-digital conversion: the SET current is
integrated and compared to a specific threshold to output a 1-bit digital signal.

» The architecture does not require RF signals, offchip components, or fast ADCs, as

required by readouts based on RF reflectometry.

» BSIM3v3 parameters for the 150-nm CMOS technology have been extracted at 4,2K to

design the readout

» The tunnelling current and hot electron injection in a FG transistor have been

characterized and modelled at 15K to design the programmable comparator.

» The readout has been characterized at 4.2 K, showing the possibility of resolving spin-

dependent current variations greater than 250 pA in 500 ns, well below the
decoherence time of semiconductor qubits, with a total power consumption of 1.2 mW
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