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Current Measurement Electrometers or Preamps Accuracy (%)
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1.00E-10 1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04

Stanford SR570 1 1 1 1 1 1 1

Keithley/428 2.5 2.5 1.4 0.5 0.34 0.31 0.31

Keithley/6517 1 0.2 0.2 0.2 0.1 0.1 0.1

Keithley/6487 0.3 0.2 0.15 0.1 0.1 0.1

Keithley/6485 0.4 0.4 0.2 0.15 0.1 0.1

Keithley/2400 0.035 0.033 0.031

Keithley/6430 0.15 0.05 0.05 0.05 0.05 0.05 0.025

Keithley/263 0.25 0.065 0.065 0.035 0.025 0.025 0.025

NIST SDX 0.006 0.004 0.0022 0.0015 0.0013 0.001 0.001
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Comparison of Current Measurement Capability
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NIST Traceability of Current Measurements to the SI
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NIST Current Source Calibration Uncertainties
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Uncertainty components Type

1x10
4 

V/A

1x10
5 

V/A

1x10
6 

V/A

1x10
7 

V/A

1x10
8 

V/A

1x10
9 

V/A

1x10
10 

V/A

Feedback resistance B 0.15 0.4 0.4 3 3 9 25

Short-term instability of input current I A 0.28 0.23 2.8 3.0 3.9 4.7 14

V1 voltage measurement (HP 3458A) B 2 2 2 2 2 2 2

Output noise and drift (12 days) A 5.8 6.7 16 13 20 84 986

Loop gain A 2 2 2 2 2 2 2

Combined standard uncertainty of I measurement 6.5 7.3 16 14 21 85 990

Expanded total uncertainty (k =2) of I measurement 13 15 32 28 42 170 2000

Relative uncertainty [ppm]

Transfer Standard I-V Convertor #1010
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Measurement Setup
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Computer
Current Source

Voltmeter

Amplifier In (I)

Out (V)
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Transfer Standard I-V Convertor Linear Fit Residuals
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Gain Ranges 104 to 109. The straight lines indicate 20x10-6

(20 ppm) offset uncertainty with a gain uncertainty of 20 ppm.
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Transfer Standard I-V Convertor Linear Fit Residuals
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Gain Range 1010

Gain Range 1010. The straight lines indicate 20x10-6 (20 ppm)

offset uncertainty with a gain uncertainty of 2000 ppm.
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NIST Amplifier Calibration Uncertainties
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Current-to-Voltage Conversion Gain and Uncertainty of 
Test Amplifier
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Amplifier #1 Linear Fit Residuals
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The straight lines indicate 20x10-6 (20 ppm) offset uncertainty

with a gain uncertainty of 20 ppm.
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Amplifier #2 Linear Fit Residuals
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The straight lines indicate 20x10-6 (20 ppm) offset uncertainty

with a gain uncertainty of 20 ppm. Gain 107 residuals are

outside the uncertainties.
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Amplifier #3 Linear Fit Residuals
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The straight lines indicate 20x10-6 (20 ppm) offset uncertainty

with a gain uncertainty of 20 ppm.
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Repeatability
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The mean and the standard deviation of 5 measurements at

gain 107 of Amplifier #3. All amplifiers had similar results.



Sensor Science Division

Amplifier #3b Linear Fit Residuals
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The straight lines indicate 20x10-6 (20 ppm) offset uncertainty

with a gain uncertainty of 20 ppm.
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Amplifier #3b Linear Fit Residuals: +/- 2.5 V
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The straight lines indicate 20x10-6 (20 ppm) offset uncertainty

with a gain uncertainty of 20 ppm.
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• Current-to-voltage preamplifiers have been measured 
over the output voltages of interest at each gain setting.

• Different preamplifiers have been found to deviate from 
linear behavior substantially outside the achievable 
uncertainties.

• The low uncertainties of preamplifier gains can only be 
realized by measuring over the entire gain range of 
interest.

• NIST is developing a Special Test service for I-V 
convertors (i.e., current amplifiers).

Conclusions
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Questions?
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NIST Transfer Standard I-V Convertor (i.e., amplifier)


