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Device
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6 dots — can accumulate with 1e-, but choose to accumulate outer dots (1,6) with 3 electrons

2 sensor dots on end of array

Approach:

screening (“slit”) gate to avoid accumulation everywhere under gates on top

Then make 2 layers of plunger/barrier

Isolating dielectric: AIO from ALD, gates made from Ti/Pd, SiGe/Si/SiGe heterostructure for 2DEG
Read-out with charge sensors+tank circuit



Initialization/Measurements:
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Why 3,1 ->4,0:

Consider level spacing assuming E, ,>E ..., >E,
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00 even Left was O
11 » even Left was O ...analogous
10 odd Left was 1

01 odd Left was 1



Calibration routines anc

single qubit
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...details well documented in SI

They calibrate every day everything
but crosstalk

They do full calibration 2xweek

And specific calibrations when needed
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benchmarking
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Use Crot gate:
-> pulse target on equator
-> Switch exchange on via barrier gate for time T

Important: T and J need to be chosen such that the
phase accumulated on target is pi if control was up
Only then we call this Crot

Pulse target back (should be 180 degrees rotated if
control was up)

Trick 1: Here they also use the barriers on the sides
of the pair to push the wavefunctions closer
together and increase J

Trick 2: Use a smooth pulse on barrier (not
rectangular pulse) to ensure adiabatic operation



Characterize two qubit: Bell-state tomography
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Why not rdm benchmarking? -> Possible but costly...

Qubits || Fidelity (%) || Concurence (%)
1-2 892+22 867+32
2-3 90122 839+38
3-4 883+36 87950
4-5 956+20 949+32
5-6 94114 906+36

/

= measure for entanglement!



Characterize three qubit: GHZ states
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Final comments:

Probably the most advanced experiment in spin-qubits

They mention issues with parallelization of gates/initialization (here they do everything consecutively,

e.g. 1,2,3 and 4,5,6 initialization)

They suspect there is an issue with heating... they see that in charge sensor and in the qubit performance

| think they cannot control their magnets very well

Valleys also seem to be an issue — especially when scaling up... bonus point for holes | would say!

| encourage every new student to really try and understand the concepts here — it has almost everything you

need and it is well documented in the Sl/extended data
On that note, also check out this great review from last week
on reflectometry (almost textbook level detailed explanation):
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