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The tunable-barrier pump
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Accuracy of pump current measurements, 0.3 GHz <f<1 GHz
Al < U,/ 1 In all cases
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Historical overview
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Requirement to measure pump current has pushed limits
of existing small-current metrology

100

10-

U, / I (LAJA)

'

0.1-

Limit of stability of commercial pico-ammeter

Frequency-dependent effects in gas-dielectric

® capacitors (Giblin et al, CPEM 2010)

Stability of commercial
¢ » @ standard resistors =2 100 MQ

®  New technology — ULCA

(Drung et al, Rev. Sci. Instr. 84,
024703 (2015).
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Pump current
measurement |
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Ammeter noise spectrum NPLE
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Pump current
measurement |l
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Guildline 9336 (thick-film)
Standard @ +0.005 C
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Typical stability of 3458A NPLE
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Pump current
measurement Il
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Error budgets are flawed
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Guildline 9336 (thick-film)
Standard @ +0.005 C
e W Re-evaluate uncertainty
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Type A= 0.2 ppm
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Resistor stability |
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Pump measurements 2011-2015 based on long-term drift
of resistor

R value @ 26.57 degrees
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Resistor stability |
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Evidence for short-term instability of thick-film standard
resistors. These plots are both 100 MQ2 measured at 100 V
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Resistor stability Il NPLI
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Results summary
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O NPL (GaAs) 300 mK

® KRISS (GaAs) 1.3K

O KRISS (GaAs) 300 mK € NTT (Si) 1.3K
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ULCA comparison: Drung et al, Metrologia 52, 756 (2015)
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O NPL(GaAs)300mK @ KRISS (GaAs)1.3K
O KRISS (GaAs)300mK € NTT (Si)1.3K
A UNSW (Si) 300 mK
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Results summary
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O NPL(GaAs)300mK @ KRISS (GaAs)1.3K
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Question: what determines INPLE
upper frequency limit?

o i
Non-adiabatic excitations? Circuit efiects’

Kataoka et al, PRL 106, 126801 (2011)
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Difficult to get flat plateaus above 1 GHz
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How stable is the pump? NPLE
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Measurements at fixed operating point
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How stable is the pump?  NPLE

National Physical Laboratory

Longest continuous measurement to date: KRISS
KRISS pump, 1400 cycles 16.5 hours
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PRL 104, 186805 (2010) PHYSICAL REVIEW LETTERS 7 MAY 2010

Universal Decay Cascade Model for Dynamic Quantum Dot Initialization
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