A high-sensitivity charge sensor for silicon qubits above one kelvin
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——— Recent studies of silicon spin qubits at temperatures above 1 K are encouraging demonstrations
that the cooling requirements for solid-state quantum computing can be considerably relaxed. How-
ever, qubit readout mechanisms that rely on charge sensing with a single-island single-electron
transistor (SISET) quickly lose sensitivity due to thermal broadening of the electron distribution
in the reservoirs. Here we exploit the tunneling between two quantised states in a double-island
SET (DISET) to demonstrate a charge sensor with an improvement in signal-to-noise by an or-
der of magnitude compared to a standard SISET, and a single-shot charge readout fidelity above
99 % up to 8 K at a bandwidth > 100kHz. These improvements are consistent with our theoretical
modelling of the temperature-dependent current transport for both types of SETs. With minor
additional hardware overheads, these sensors can be integrated into existing qubit architectures for
high fidelity charge readout at few-kelvin temperatures.

Leon Camenzind | ‘
March 29, 2021 SPIN Journal CIub




Motivation for hot spin qubits ))r335555

e U Ny

a 300 K Quantum integrated circuit 1-4 K

Classical
interface

Temperature cooling power Q

20 mK 1 uWwW
40 mK 10 uW
100 mK 100 uW
Digital
control 1K 2.5 mW
ke ' 1.2 K 3.2 mW
4.2 K 17 mW (int.)
Petit et al., Nature 580 (2020). :Eiﬁ:;ig

Intel Horse Ridge cryogenic controller (3K): Xue et al., arXiv:2009.14185 (2020). * from MCK50 Manual




Ramsey time, T,*

Yang et al., Nature 580 (2020). [cited 56]
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Spin qubit read-out 131005555
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Charge sensing
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Charge sensing W
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Energy selective read-out (Elzerman)
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Elzerman et al., Nature (2004).
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Device overview 1)
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SISET transport characteristics 1))>>53555;

SISET transport
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DISET charge sensor M)
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DISET transport characteristics
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DIFET transport

Inter-island resonant tunnelling

R

inter-island
relaxation
current

dlps/dVps

Ae

‘Q
a- i R4
L]
-, . “0
“ JCTTI - R “$ N
* ~U * .0 * D *
. L]

Tag, -.‘ - «s*
......... Q. ’Q.".’Q.DO. '.-““
FD [ Acoustic phonon ]
Us . emission
EEEEENEEEEEEREEDR A
te LR /
KL \FLR " Vep
b FD
Ae 7
R Up
EEEEEEEEEEREEEEDR v
_ FOZFIZFIO - l-‘011—‘121—‘20 + (F01F20 - 1-‘101-‘02)A
ISD = —e F
> |}
NA
T2 = frp(up, T; r)Tir A=t2, To1 + F202+ Tir \_/<I>_§I>T
To1 + T + Tir UL — UR)? -
To1 = fro(us, Ts ) ts ( 2 + ( h ) BASEL




DISET transport characteristics

SISET/DIFET transport
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Temperature depenendence of transport characteristics  1D»)»»5>33355
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Model: optimizing the sensitivities
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Charge sensing of guantum dot
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Real time «single shot» charge read-out  ip»»
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Temperature limit for quit readout DY
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Traditional Elzerman RO Isolated mode operation
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Goodbye Florian! )35
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SNR and output spectrum D)II>>55555

0 DISET output noise spectrum, T=4.2 K
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Model: optimizing the sensitivities
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Transport characteristics: DISET Model
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SISET/DIFET transport

|0): empty |1) : left |2) :right
e.g. [}, = transition rate left to right

FOQFQIFIO - l—\011—\121—\20 + (FOIFQO - 1—\101—\02)A

Ipg = ,
DS =€ Ty :
I'o+ T2 +TLr
2
A= tLR (F10+F20+FLR )2 + (EL—ER )2 (2)
5 n

o1 = fin(ps, T pr)ts,| T'io =ts — oy, (3)

i

leads
Lo = fio(pp. T pr)tn,) 2o =tp — Toe, (4)
I'o = fio (e, T pr ) T'Lr
e , > L 5%
oy =Tr — T2 MR (5)
- - - - Inter-dot

i

Iio=TLr -T2




DISET Charge sensor ))535555
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