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Reproducible single-electron pumps for a

Revised SI-System (2019)*:

= Fixed values of 7 fundamental constants:

e=1.602 176 634 -10%° As

= 1A: flow of 1/(1.602 176 634 x 107*9)
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= Test of consistency of Ohm’s law
= Electron quantum optics?

= Quantum link for semiconductor spin qubits*

Robust und reproducible formation of a QD

32 devices in one batch tested for Coulomb blockade:
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Quantum Dot (QD) with tuneable barriers:
1. Modulation of entrance barrier (MHz - GHz)
2. Capture of electrons from source and back-tunneling

3. Lift electrons over exit gate to drain

Figure-of-merit> for accuracy of charge quantization:
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= Lithography (SEM/AFM): < 5% gate 1 [mV]
= Substrate (n, p.): <5% = 2 outof 32 devices failed
» Charging energy E_: < 8% = No double QD induced by charge traps
= Gate lever-arms: < 9.7% = Reproduced on different wafer batches and sample designs
Coulomb blockade realized in GaAs/AlGaAs heterostructure devices is sufficiently robust and
' underlines the suitability of this material system for mesoscopic devices in metrology®

QDs as candidates for a quantum current standard

Metrological task : verification and validation concept based on multiple pillars

(a) Sample system: Verification of substrate / lithography / QDs
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(1) Substrate:
"= n, =2,13x10%" cm™?
" ., =1,07 x 10°cm?/Vs

Shallow-etch®: 2D - 1D
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(2) Lithography:

(b) Individual sample: Verification and validation, 5 samples, no-preselection

= 18h precision measurement? scan, low-noise ULCA1?, |= 100pA, sub-ppm base level
= Expectation: error rates determined by charge capture probabilities in theoretical model>
= Validation: test agreement with predicted gate dependency
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= 5/5 samples successfully validated (6, > 26) out of this sample system, no pre-selection!
= Variations on microscopic scale = validation of each individual pump mandatory !
— GaAs/AlGaAs-Technology for robust and reproducible devices for a primary quantum
standard for a current in the range of 100pA established

23FUNO5 AQuanTEC: Advanced quantum technology for metrology of electrical currents

= Develop a continuous wide range of primary
guantum current sources: fA - mA

= Explore novel quantum current device concepts

= Develop advanced technologies for devices,

control and measurement
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= Confinement of electrons in a
“quasi” 1D channel
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Schottky contacts: 1D = 0D

(SEM: top view of final sample)

= Formation of a quantum dot
(QD) by metallic top-gates
and shallow-etch’
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R, =69,2kQ +/-2,8kQ

= vyield >95% (only fabrication)

working samples: 188 / 208

(3) Electrical characterisation, T = RT:
= R__.=69,2kQ +2,8kQ
= 188 /208 with R < 75kQ
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(4) Quantum dots, T = 300mK:
= 6/7sym.QD, E_=2,25-2,8meV
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