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Co gates

Motivation e

Sio,
Si cap
SiGe spacer

* Scalable readout techniques needed for larger qubit arrays! [

SiGe buffer

* Gate-dispersive readout:
* Minimal footprint -> uses dot-defining gates
* Multiplexing -> Off-chip integration?
» Single-shot readout of spins realized3*

* [solating dots from Fermi reservoirs: T > 1K feasible

* Why this old paper? %? —
* SET-based charge sensing not feasible with FinFETs § 22/2
(screening due to wrap-around gates) e D]

e Current efforts in Basel & at IBM around gate-dispersive
sensing
* We try to replicate similar experiments
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Device & Reﬂectometry Setup

P-doped (Boron) source & drain with Si channel on SiO,
* Channel/Fin: 11nm thick, 35nm wide
* Gates: Poly-Si on TiN (no Oxide!)?

* Operated at 20mK

e Standard tank circuit with lumped-element inductors (220nH):
* Resonance frequency fo = 339 MHz
e Rather shallow resonance and loaded Q =~ 18
e Limited by impedance matching
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Dispersive Charge Sensing '

1100 |
* Tunneling in proximity to sensor gate causes dispersive shift?
CAb x Cy = —a? 52 interdot, e~9a2£ e /v\If:Qrkmgzpomt
0=~ 55 vt 1050 [ (Figure 2a)
* Including resonator frequency f, and tunnel rate y: ;
e? 1 - o : —
AP x a?— s | -> Only sensitive for transitions near f 100() E— 0 35
2t 1+(—27§/f0) TR E
500 = z o 1
* Hybridisation of charge statesat (n + 1,m) & (n,m + 1) 2 450 L <
* Expect to see interdot transitions in absence of leads < s, 2
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Quasi (0,2) <= (1,1) Transition

H!

Magnetic field-dependent splitting of baseline
B along nanowire axis

Assume small Spin-Orbit/Spin-Flip-Cotunneling
comparedtot and E,

Hamiltonian in Singlet-Triplet basis:

{1, (1,1); To(1,1); T-(1,1); S(1,1); $(0,2)}
—3€+ (97 + 95)usB 0 0 0 0
0 —5€ 0 397, — 9r)uBB| 0 0
0 —3e—35(91 + gr)uBB 0 0
0 3(9. — 9R)uBB 0 —1e t
0 0 0 t €
Only S, S¢ & Ty, contribute to Gy a
Boltzmann-distributed state probability 1od04]
Many resonator cycles! Sg‘
X
Qualitatively reproduces the observed data, 10394
yielding: t = 6 ueV, T.rr =250mK, g; = 3

1.62, gg = 2.12
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EDSR

Predict resonance frequency from model
B = 0.52 T -> doublepeak visible
Broadening of Ty peak, fr = 1299 GHz
“Shallow” (1,1) configuration

2" harmonic stronger than 1%t

B along nanowire axis
Effective hole g = 1.735

Drive T_ < T, transition, Power =-80 dBm
Broadening of double-peak at baseline with

continuous wave

Lineshape fits model
Balanced T_, T, pop.
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Qubit Control & Readout i

* Most pronounced T,y peak for initialisation & readout

1040.4 | &

* B perpendicular to nanowire and 30° out-of-plane E&
e Control pulse: ImV into (1,1) region
* Reflectometry tone constantly on & monitored e
* Spin lifetime (r — pulse at C):
e AtR/I:T; =2.7+0.7 us
[]o
* Rabi Chevron with fr = 15 MHz | ee B ’ tH MW” '
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Discussion .

fF{ ‘fC
* Strategies to boost T; T C?jﬂ)
* RFisolators between amplifier & coupler - - -- -1 i i
* No high-K dielectric in gate stack Zx
A 20 mK
 Magnetic field anisotropies: , ¥ y
* Possible impact on Ty —H [B——
* Potential large g-factor/g-factor difference anisotropy
e Better readout contrast? g
* Rabi frequency maximization I_L— 50 nm
* Technical optimizations (higher Q, parametric amplification etc.) A - ' ;
* Single shot readout (so far, way tooslow) —\ T
* What about temperature? et 1(gh +gunB 0 0 0
* Investigate population distribution at higher T . _ 0 e s angn P ReE
* Is this readout scheme applicable to FinFETs? 0 +(0i ~ s 3 5
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Thanks for your attention!
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