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Quantum Computing Business, Research, Ukquantum  Mati Swayne © Februz
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(2022) Bloomsbury chip 3*3mm?2
Measured 1024 dots in 12min on area 0.1mm?2

Quantum Computing Centre (NQCC) to build a quantum processor test
Device includes control electronics bed.
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Motivation
Spin blockade & lifting meachanisms

* Hard to measure spin directly (small magn. dipole moment)

* Sizeable charge dipole due to e- tunnelling allowed
* Sensitivities: 10 Spins/\/m * + —‘/’

~ 1079 electrons/vHz
Blockade lifted by SOI

* =>charge sensing + spin to charge conversion
/Energy filtering \ # allowed
* Zeeman splitting in QD l blocked -
* Selective tunnelling to lead ed * % —> * * \’\y

Spin blockade . . So,2

* Selection rules in tunnelling btw. 2 particle states => Relies on negtatlve-result
K (rapid diabatic passage) / measuremen

Problems

blocked _
* Only one subset (spin) triggers detector _— %
Absence of signal => opposite spin * ; X ; L\i%/
* Lifting of spin blockade:
SOl (e.g holes in Ge or Si) b U 0.}

other orbitals (valleys)

Y

Blockade lifted by other orbital
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Device: Single gate Si on insulator nanowire transistor

* Si-nanowire L¥*W*H = 60*120*8 nm?3 100pF

«  Boron-doping 5*10%7 cm-3 _@

* BOX: buried oxide 145 nm SiO, Vemw

* Implantation in S/D contacts + annealing

* Gate stack Si BOX M TiN/Poly
1.9nm HfSiON (=> 1.3nm OXidE) QD MSi;N, ESO,

5nm TiN
50nm polycrystalline silicon
Study DQD: Nanowire corner QD + Boron Atom

Readout

* LCresonator
NbTiN spiral inductor (30nH)
Cc: coupling capacitor (40fF)
Low pass (Star Cryoelectronics) |

* Reflected signal amplified at 4K, RT ng """
Quadrature demodulation => amplitude & phase

-30dB  -40dB
—

+40dB |, +60dB
S

~700MHz

N V
Setup 4K RT Q
* Dilution fridge, T = 10mK
« DC: Constantan twisted pair, RC filtered at MC Lundenberg et al., Phys. Rev. X 10, 041010 (2020)
* RF: Filtered & attenuated coax to coupl. capacitor Cc

* Fast pulses: Attenuated CuNi coax via on PCB bias-T to source
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Charge stability diagram
* Energy dependence of charge polarizability
— State dependent quantum capacitance

* Detect microwave driven tunnelling btw
QD/Boron — reservoirs (S/D)
QD - Boron (interdot charge transition ICT)

* Device operated at (2;,05)-(15,1,) transition

(f) B=O0T (hy B=1T

Energy (GHz)
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Magneto spectroscopy (at point R)

Weak signal at B=0, ¢=0
Strong signal for B>0.2T, shifting with V, (¢>0) => SOC lifting of SB
Tunneling btw T, ;- S, ,
Theory: A, (spin conserving), A (spin flip)
Total rate (B=0): 10.4 GHz, A4s(large B)=3.4 GHz
G-factor: from the slope g,,=2
B-field shift Boron lead transition (not shown): gz~1.6, g,~2.4
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Gate Vg pulsing scheme

* Load: (24,1p)
* Pulse above lead transition: (1;,15)

Si1 T4 or T4 I3

* Measure C, vs time at given detuning

B=1T : T ; is ground state

e

2, T* w —>
i

Load Initialised

2 Readout spots (pulse-depth)
* Rp:S;1andS, , mix
* Ry:Ty,andS,,mix (negative C, contribution from singlet)

S2.0
WY
4

Ra

Control pulse: load T,

Wait in (1,1) for potential singlet decay

* 100k pulses per detuning

T, time (R, )

¢

520

?

Rp

* Ring up time resonator ~80ns <> BW

* Decay=>T, ~100ns
* Control pulse flat

Vg (mV)

—-690

—-695

-700

-705

Vbg (V)

Rg Ring up & decay to triplet (singlet cause delay vs control pulse)

Spin detection

L Ra  Rp
Detuning

Time (us)

Time (us)

0.0

0.4 A

0.2 -

0.0
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Gate pulsing scheme
Initialize Sy, / T4
Wait: S ; to Ty, relaxation
Measure at R, (S, ; - S, ; transition)

ERTEY

Load Initialised R,

T,vs detuning
T, btw 100ns and 8us

Exponential dependence on detuning during wait

T, vs detuning

Energy
N._T
=

(C)l
—

Itwaft

Time

L W(g) Ra
Detuning (¢)

e
S L
3 0.5 - *de
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-717 (d) B=0T (f)
Orbital relaxation -718 N ol |
* Other transition: 2/1 e in dot, 1/0 in Boron 1 ©]
* QD with 2 low orbital => low energy T, , possible . > 09, To: [ 14,
* C,fromSand T mixing (different detuning) E ~720 £ :
S11 @ Sgpand Ty < Ty, = =1
=722
Magnetospectroscopy
. .. =723
3 Regimes visible (theory)
e <300mT spin .con.serve. + s!:)in flip =i24 vk s GE 158 B
*  300-600 mT spin flip tunnelling (SOC) Vbg (V)
e >600 mT spin conserv. higher orbital T, ;, <& T,
’ ’ B=0.15T B=0.75T
1.0
Gate pulsing scheme (h) & .
® Low field B=0.15T 0.8 - ry E
initialize deep in (1,1): T~ =
diabatic passage (T ; < Sy, ): Ty, B 06 gt =
readout @ Ty ; & T, “:j >,
control: initialize Sy , (see only resonator rise time) € 04 - %
Decay (red) => T,~140ns - ¢ . E
»  High field B=0.75T 0.2 1 -3 "2 2
initialize deep in (0,2): Sy, el ,j 5
diabatic passage at large € (T';; & Sy, ): Sy, 0.0 1 .' | | 3
readout @ S;; & S, 0 0.5 1

Decay (red) => T1“27Ons Cq/Crax
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Novel spin readout based on quantum capacitance
Works in presence of SOC, orbital states

* (Can detect both spin species

* Sensitivity (far from single shot)?

Measure T, (100ns — 8us) vs detuning using this method
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