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1. The tunable-barrier 2. Pumps measured at NPL
Below: modulation of electrostatic potential
electron pump

barriers to pump one electron.
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Electron pump research has driven g reference list
dramatic improvements in small current  § 2608 2008 2012 2015 2018 Panel 4 also summarises precision measurements made at PTB, on PTB.

metrology (graph at right, refs 3 and 10). Publication date designed GaAs pumps — see refs. 5 and 7.

A plateau can be defined with respect to a fit -in

3 . RO b ustness We can change any of the contlroll parameters ?f the KRISS pump: Vg, Vi, Vi3 or Pge without this case, a sum of two exponentials [ref. 11] with
changing the pump current, within an uncertainty of around 2 ppm per data point. N N ) .
Vai(t). Ve Ve Data in this panel taken from ref. [8]. See also ref. [7] for another robustness stud an offset 8/. Alternatively, linear fits can establish
o 52 3 Bt . 8 a range of data where the slope is less than the
Ve, (V) Ve, (V) Ve, (V) Py (dBm) fitting uncertainty.
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4. Universality 5. Conclusions
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Does the pump mechanism work in g 0 T T = + ’ r Robustness:
pumps madg fror.n different . o Measured at l + We have shown robustness at the 1-2 ppm level of one design of
materials, with different designs? o 14 e NPL R pump to changes in 4 parameters; 3 gate voltage and the RF drive
For 7 studies on optimally tuned < A PTB : g - power.
electron pumps at NPL and PTB, we -2+ g g - 1B
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. cryostat temperature T N : - uncertainty of 1 ppm or less when optimally tuned.
Also indicated are the material used to L 14 o o o Our best measurement, 0.27 ppm on a silicon pump @ 1 GHz, can
make the pump (Si or GaAs) and g A : ; be compared with the best measurement on a GaAs pump, 0.16 ppm
whether the drive signal was a Sine e 0- @ 600 MHz, ref. 7.
Wave or from an Arbitrary Waveform o 1 : (] :
Generator (AWG). é Py ° : ° N_ext. ) _

— 0.1 COA LA : Direct comparison of two different pumps.
Numbers along the top of the plot refer y T T 1 Guidelines for electron pumps as primary realisation of ampere.
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