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beginning of the comparison [1]. This was communicated to the participants in spring 2010 and all 

participants had the opportunity to adjust their uncertainties in the light of these findings until summer 

2010. 

 

 

4. Calibration methods used by the participants 
 

Within this comparison, three basically different calibrating methods were used by the participants: 

 

 

4.1 Generating the calibrating current by charging/discharging a 

capacitor 

 

The calibrating current I is generated by charging or discharging a gas-filled capacitor C with a 

linearly increasing or decreasing voltage of slope dV/dt. The calibrating current is then I=C·dV/dt. 

Thus, it is traced back to the volt, the second and the farad. Typically, a trapezoidal voltage pattern 

symmetrical to zero voltage is used which allows the eliminating of linear drifts and the influence of 

leakage currents across the capacitor. This is discussed in more detail in [2]. 

 

 
 

Fig. 4.1: Schematic calibration set-up for using the capacitor-charging method 

 

This method was used by PTB, VSL, NPL, INRIM, METAS, VNIIM, NIS, IPQ, KRISS and MIKES.  

 

 

4.2 Generating the calibrating current by a voltage source and a resistor 

 

The calibrating current I is generated by a voltage source V (e.g. a DC calibrator) and a resistor R:  

It is then I = V/R. Thus, the current is traced back to the volt and the ohm. 
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Fig. 4.2: Schematic calibration set-up for using the voltage-resistor method 

 

This method was used by UME and CEM. 

 

 

4.3 Comparison of the transfer instruments with a traceable 

picoammeter 

 

In this method used exclusively by LNE, the calibrating current is generated by a current source 

consisting of a voltage source and a resistor, but, in contrast to the method described above in Section 

4.2, the generated current is not directly traced back to the volt and the ohm. Instead, in a second step, 

the current source is calibrated by a traceable current measuring set-up. This method is described in 

more detail in Section 5.1.10. 

 

 

5. Measurements and results of the participants 
 

5.1 Measurements of the participants 

 

In this section, the measuring set-up is briefly described for each laboratory in chronological order. 

Descriptions of the traceability chains are not given here, since traceability is not a matter of 

significance if viewed in the light of the uncertainties achieved. 

 

5.1.1 Measurements of PTB (pilot institute) 

 

The measurements were performed by using the capacitor charging method described in Section 4.1. 

 

The voltage ramp was generated by a non-commercial ramp generator based on an electronic 

integrator, its nonlinearity being compensated by an analog feedback network as described in [3]. The 

generator delivered a fixed voltage slope of 10 mV/s. The slope could be fine-tuned by using a Kelvin-

Varley voltage divider and increased by a factor of ten using an additional amplifier stage. 

During the time when this comparison was running, a new ramp generator based on digital-to-analog 

converters was developed [4], but, for reasons of continuity, it was not used for measurements in the 

framework of this comparison. 

The ramp slope was measured using an Agilent 3458A multimeter (DMM). The DMM’s triggering 

was performed by a precision  time base consisting of an oven-stabilized 10 MHz quartz-oscillator and 

binary divider circuits. 

For generating 100 pA and 10 pA, a commercial capacitor of the type GR1404 (1000 pF) was used, 

for generating 1 pA and 100 fA, two commercial capacitors of the types GR 1403 (100 pF and 10 pF) 

were used. Their capacitances were measured before and after each run using an Andeen-Hagerling 

Voltage 

source 

I = V/R 

V 

R 

 Pico- 
 ampere- 

 meter 

Digital 

voltmeter 

 

Computer 



EUROMET.EM-S24: Comparison of Small Current Sources 

 11 

AH2500 capacitance bridge. The whole set-up was situated in a temperature-controlled electrically 

shielded room. Humidity and air pressure were not stabilized. 

For each current value, the measurement consisted of typically 60 cycles, each of them containing four 

phases: a) zero current, b) positive current, c) zero current, d) negative current. After the last cycle was 

completed, an additional zero-current phase was appended. 

 

During the comparison, 11 sets of calibrations were carried out by PTB, denoted by “PTB-1” to “PTB-

11”. 

 

5.1.2 Measurements of VSL 

 

The measurements were performed by using the capacitor charging method described in Section 4.1. 

 

The current source was based on a non-commercial voltage ramp generator with a software-controlled 

non-linearity compensation and a set of air-dielectric capacitors of the type GR1404. The special 

technique for the non-linearity compensation and the set-up is described in detail in [2]. 

The nominal current values 100 pA, 10 pA and 1 pA were generated using a voltage ramp rate of 

0.1 V/s in combination with a 1000 pF, 100 pF and 10 pF capacitor respectively. The nominal current  

100 fA was generated using a ramp rate of 0.01 V/s in combination with a 10 pF capacitor. The ramp 

time was at least 150 s. The ac-dc difference of the capacitors was verified by a comparison to a 

current generated by a calibrator applying a voltage to a temperature-controlled 100 G  resistor. 

 

Since the Keithley 6430 showed irregular behavior at the beginning of the comparison (as described in 

Section 3.5.2), the first measuring loop was repeated at the end. Therefore, VSL carried out two series 

of measurements, one in the first loop of the comparison and one in the final loop, denoted as “VSL-1” 

and “VSL-2”, respectively. 

 

5.1.3  Measurements of NPL 

 

The measurements were performed by using the capacitor charging method described in Section 4.1.  

 

The voltage ramp was generated by a non-commercial ramp generator based on an electronic 

integrator. The ramp slope was measured by an Agilent 3458A multimeter. The capacitors used to 

generate the current were of type HP16381A (1pF), 16382A (10pF) and 16383A (100 pF) for the first 

set of measurements. These capacitors were of unsealed air-dielectric type, and were subsequently 

found to have a large frequency dependence. For the second set of measurements, denoted "NPL-2", a 

GR1404 100 pF sealed-gas capacitor was used for all current values. The capacitors were measured 

before and after each calibration run using a calibrated AH-2500 capacitance bridge. The triggering 

was performed by a precision  time base consisting of a 10MHz oscillator and binary divider circuits. 

The transfer instrument as well as the current generating capacitor were situated in a temperature- and 

humidity-controlled cabinet. The set-up is described in more detail in [5]. 

 

Since the Keithley 6430 showed irregular behavior at the beginning of the comparison (as described in 

Section 3.5.1), the first measuring loop was repeated at the end. Therefore, NPL carried out two series 

of measurements, one in the first loop of the comparison and one in the final loop, denoted as “NPL-1” 

and “NPL-2”, respectively. The NPL reference current capability at the time of publication of this 

report is represented by the measurements NPL-2. 

 

5.1.4  Measurements of INRIM 

 

The measurements were performed by using the capacitor charging method described in Section 4.1. 

 

The voltage ramp was generated by a non-commercial ramp generator based on an electronic 

integrator circuit, developed by INRIM. The ramp slope was measured by an Agilent 34401 
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multimeter triggered by a non-commercial time base. A set of commercial capacitors with 

capacitances of 1 pF, 10 pF, 100 pF and 1000 pF was used for the different current values. A more 

detailed description of the set-up can be found in [6]. 

 

5.1.5  Measurements of METAS 

 

The measurements were performed by using the capacitor charging method described in Section 4.1.  

 

The current source consisted basically of a non-commercial voltage ramp generator developed at 

METAS and a set of gas-dielectric capacitors with capacitances between 1 pF and 1 nF. The current 

source was based on an electronic integrator, where a high degree of linearity was achieved by a PID-

controller which monitored the generators output slope. 

 

Since METAS is situated about 550 m above sea level, the ambient air pressure was about 960 hPa, a 

value considerably lower than that of the other participants, with the exception of CEM. 

 

5.1.6  Measurements of UME 

 

The measurements were performed by applying the “voltage source and resistor” method as described 

in Section 4.2.  

 

The voltage was supplied by a voltage calibrator of type the Fluke 5440B. Two resistors of the type 

Guildline 65206 with resistances of 100 G  and 1 T  were used and the voltage was checked using 

an Agilent 3458A digital multimeter. The resistor in use was situated in a shielded box. 

 

5.1.7  Measurements of VNIIM 

 

The measurements were performed by using the capacitor charging method described in Section 4.1.  

 

Both, the voltage ramp generator as well as the capacitors being charged had been developed and 

manufactured by VNIIM. The voltage slope was measured by a digital voltmeter of the type 

SCH1516. It was triggered by a trigger device developed at VNIIM. 

The voltage ramp was generated by a non-commercial ramp generator based on an electronic 

integrator, its nonlinearity being compensated by an analog feedback. The voltage slope could be 

changed by multiples of ten or fine-tuned by using a voltage divider in the range from 0.001 mV/s to 

10 mV/s. A set of capacitors with gas dielectric and sapphire isolation with  nominal values between 

1 pF and 1000 pF was used. Their capacitance was measured by an Andeen-Hagerling AH2500  

bridge before and after the small current measurements. The loss angle of the capacitors did not 

exceed 5·10
-5

. 

 

5.1.8  Measurements of NIS 

 

The measurements were performed by using the capacitor charging method described in Section 4.1. 

 

The current source consisted of a single air-dielectric “differentiating” capacitor C1 of the type 

GR1404 with a capacitance of 1 nF and a voltage slope generator based on an electronic integrator. 

The generator’s output voltage slope was defined by its “integrating” capacitor C2 and the integrated 

current generated by a 100 M  Guildline resistor and a Wavetek 9100 voltage calibrator.  

 

The different calibrating currents were generated by using different “integrating” capacitors C2 and 

injecting different currents into the integrator. 
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5.1.9 Measurements of IPQ 

 

The measurements were performed by using the capacitor charging method described in Section 4.1. 

 

The current was generated by a commercial 16-bit ramp generator and a set of GR1404 capacitors 

with capacitances of 1 pF, 10 pF and 100 pF. The ramp slope was measured using an Agilent 3458A 

sampling voltmeter triggered by a 1pps source disciplined from a GPS-based frequency reference. 

 

5.1.10  Measurements of LNE 

 

Within this comparison, the method used by LNE is unique since it uses the two-step procedure 

mentioned in Section 4.3: 

 

Step 1: the device under test (DUT) was calibrated using a current source consisting of a voltage 

source and a 100 G  resistor. Such a calibration consisted of several cycles each of them containing 

three phases: a) the voltage was adjusted in such a way that the DUT’s readout was a minimum, b)  the 

voltage was changed to a value appropriate for generating the required calibrating current, c) the 

voltage was adjusted to the same value as in the initial phase a). 

 

Step 2: immediately following step 1, the current source is calibrated at the same current value as 

before using the special current measuring set-up described in more detail in [7]. That set-up is based 

on integrating the input current, thus the current is traced back to the volt, the farad and the second. 

The current measuring set-up acts as a primary standard while the current source used acts as a 

transfer standard. As in step 1, each measuring cycle consisted of the three phases a), b) and c). 

The measurements were carried out in a room with a temperature stabilized to 23.0°C ± 0.5 °C. In 

addition, the 100 G  resistor was placed in a temperature-controlled air bath. The integrating current 

measuring set-up was situated in a temperature-controlled enclosure stabilized to 23 °C ± 0.001 °C. 

 

5.1.11 Measurements of CEM 

 

The measurements were performed by using the voltage/resistor method described in Section 4.2. 

 

All current values were generated using a Fluke 5720 multifunction calibrator and a single 100 G  

resistor manufactured by TPYCEA.  

Since CEM is situated more than 600 m above sea level, the ambient air pressure was about 940 hPa, a 

value considerably lower than that of the other participants. 

 

5.1.12 Measurements of KRISS 

 

The measurements were performed by using the capacitor charging method described in Section 4.1.  

 

The voltage ramp was generated by a non-commercial ramp generator based on an electronic 

integrator, its nonlinearity being compensated by an analog feedback network similar to that described 

in [3]. The generator delivered a fixed voltage slope of 10 mV/s. The slope could be fine-tuned by 

using a Kelvin-Varley voltage divider and increased by a factor of ten using an additional amplifier 

stage. 

For generating the currents, a set of commercial gas-dielectric capacitors with nominal values between 

1 pF and 1000 pF was used. Their capacitances were measured before and after each run using an 

Andeen-Hagerling AH2500 capacitance bridge.  
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5.1.13 Measurements of MIKES 

 

The measurements were performed by using the capacitor charging method described in Section 4.1.  

 

The voltage was generated by a non-commercial ramp generator developed by MIKES [8]. The 

generator was based on digital-to-analog converters (DACs) controlled by a microcontroller. The ramp 

slope was measured by an Agilent 3458A multimeter triggered by a digital signal provided by the 

ramp generator electronics which in turn was checked periodically using a calibrated frequency 

counter. Three capacitors of the type GR1404 were used with capacitances of 10pF, 100 pF and 1000 

pF respectively. The capacitances were determined by an Andeen-Hagerling capacitance bridge 

traceable to BIPM. 

 

The measurements were performed in a shielded room which was temperature and humidity 

controlled. The transfer instruments and the capacitors were situated in a special shielded cabinet 

which was temperature and humidity controlled as well. 

 

 

 


