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  Calibration of low-current meters at nA level
with the capacitance-charging method
Luca Callegaro28, Vincenzo D’Elia28

The most accurate generation of dc currents in the lower rang-
es is performed with the capacitance-charging technique. Im-
plementations of the method are typically limited to an upper 
current in the 100 pA range. Here we present a range extender 
which can be employed as plug-in in existing setups. The ex-
tender permits to scale the current of a ×10 factor and reach 
the nA range. Results of calibration of low-current meters with 
and without the use of the extender are reported.

Described here are the configurations and procedures used 
to provide traceability to electrical standards for an aerosol 
electrometer calibration in the range ± 20 fA to ± 40 fA.    The 
technique used here simulated the condition of a current in-
duced when charged particles would flow into the aerosol 
electrometer’s Faraday-cup by replacing the charged particle 
flow with known source currents.   The technique used here 
was to source known currents over a wider range of ± 1 pA in 
addition to the ± 20 fA to ± 40 fA and subtract the offset (i.e. 
zero) current measured when charged particles are not flow-
ing into the aerosol electrometer.  Linear regression was used 
to scale from the pA to fA range by determining the slope 
of the sourced vs. measured currents over both ranges and 
using the residuals to verify the linearity. Two independent 
methods, both traceable to electrical standards, were used to 
source known currents from ± 1 pA to ± 20 fA, a source-meter 
and a voltage-resistor source using high resistance standards 
of 100 GΩ or 1 TΩ.  

Measurement setup. RG is the ramp generator, E the new 
range extender, C the injection capacitance, M the meter 
under calibration, V the sampling voltmeter, T the clock 
timer which triggers V and RG, PC the data acquisition com-
puter.  The original RG has Vmax = 10 V, which is raised by E 
to Vmax =100 V.

Charged particles (a) or known currents (b) are sourced to 
the Faraday cup of the aerosol electrometer.
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