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Measuring electron pumps NPLE
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— a scaling problem
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Measuring electron pumps NPLE

— NPL method
NPL CMC uncertainties (u€2/QQ, 1-sigma)
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0 7 NPL electron pump measurements:
0-9;_ Voltage drop across 1 G2
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Measuring electron pumps NPL
— ULCA method
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1:1000 current ratio
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Drung et al, Rev. Sci. Instr. 84, 024703 (2015)
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Direct scaling with CCC
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/0 mV: too small, detector
noise becomes significant

1 type A contribution
1
< 1
s 107
§ 1 O'E 1:22000 turns ratio
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1074
10710 do—re R (S I A N A
10° 10° 10* 10° 10° 10" 10° 10°

R (Q)

Metallic puUMPpS: F. Piqguemal and G. Geneves, Metrologia 37, 207 (2000)
" B. Steck et al, Metrologia 45, 482 (2008)
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Direct scaling with ccc ~~ NPLE
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700 mV across 100 kQ:

10 best compromise.
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Measurement circuit NPLE
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40-m screened
8-m BNC cable twisted pair
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Cryogen-free CCC
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Same CCC as used in SETSAW measurements:
Janssen and Hartland, Physica B 284, 1790 (2000)
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0.23 ppm of full signal |
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Squid AV (nV)
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| +- 0.5 mA in 2-turn windings

Helium-3 pot

0 ' 500 ' 1000
Reversal number

~2.5 K

« Cryogen-free helium-3 system, 20 mK
stability

 Down-leads are cotton-padded twisted
pairs inside metal tube

« Defect in squid shield — 1:1 ratio error

« Additional issues with binary JVS
guantisation and trapped flux —
experiments are proof of principle.



CCC signal and noise

Squid output (V)
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Pump only

|ON  ON  ON

“

OFF  DFF
40 80

Time (s)

Full signal 320.4 pA
AVg =157.5 mV
AD = 2.25 @,

(0.1 ppm is 0.225 pd,)

Allan Deviation of Flux (u®)

National Physical Laboratory

10007 142,05
1004 i -14.20
10 Shorted squid ?1'42
1 - AL | LR | ML | AL | LR | .0.14
10° 107 10" 10° 10" 10°

time (s)

Noise ~12 fA/ VHz at 1 Hz
S/N ratio =~ 38 ppm at 1 Hz
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Allan deviation (fA in 45184 turns)
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Full system — raw data NPLE
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Measure pump current using CCC and conventional reference
source

Pump
1 GO ] I
<'J P .
—L @ @ CCC winding
o
2.63081V, (V) | .
2. 6306*‘-‘"’*‘"‘ e 0.25 % of full signal
26304 | 800 A
Novine citni 5.7 M.
2-6302' oN | OFF | on | oFF
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(Squid linearity was
better than 0.01 %)

Null det. (fA)




Stability over =13 hours
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Result expressed as pump

current Mean = SEM

501 1 GQ reference system
l‘t' : . ‘J; “ < L‘ Sz ’% ’ . ,-l . -
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Conclusions il
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* First direct measurement of current from a tunable-
barrier electron pump using a CCC

« Wetriedit....
« Some things worked — squid stability

« Some things didn’t work — JVS flux trapping
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Metrology ‘triangle’
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Pump current only
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Use pump to calibrate sensitivity of CCC = 6.4 pA turns / @,
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