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Abstract 
 
Based on measurement of AC impedance, this paper 
presents a new method for evaluating measurement 
uncertainty of AC impedance. The method of equal 
potential measurement is introduced, which can calibrate 
AC impedance and trace to voltage ratio standard and 
phase standard by adjusting the current in the circuit. 
What’s more, the measurement data of 1 kHz, 100Ω is 
given in the paper, whose measurement uncertainty is 
evaluated. 
 
1. Introduction 
 
Digital bridge is used to calibrate physical impedance 
such as capacitance, inductance, resistance and traces to 
material impedance standard [1]. Meanwhile, AC 
impedance which has any amplitude and angle cannot be 
traced [2] [3]. In this paper, equal potential measurement 
method of AC impedance measurement is designed and 
the uncertainty of measurement is evaluated [4], which 
can trace respectively amplitude and angle of AC 
impedance to voltage ratio standard and phase standard. 
Thus, the measurement result of calibrating AC 
impedance can be given completely through evaluating 
the uncertainty of measurement of amplitude and angle, 
which is got by equal potential measurement. 
 
2. Principle of Measurement 
 
Based on equal potential digital sampling technology, the 
method of AC impedance calibration and device are 
designed in this paper and can realize traceability of any 
AC impedance to the voltage ratio standard and phase 
standard. As the figure 1 shown, the method of equal 
potential measurement makes AC impedance and physical 
impedance in series to form mirror current whose 
amplitude are equal and phase are opposite through 
regulating dual channel signal source and trimming 
circuit. Then the calibrated AC impedance can be trace to 
voltage ratio standard and phase standard by using digital 
sampling to sample the voltage and calculating voltage 
ratio and phase difference [5]. 
 
The measurement system includes dual channel signal 
source, trimming circuit, physical impedance Z0, AC 
impedance Zx, digital sampling and null indicator.  
 
According to null indicator, the dual channel signal source 
and trimming circuit regulate the amplitude and phase of 

voltage to make null indicator tend to zero. At the same 
time, the circuit achieves to balance when the current I1 
and I2 of physical impedance and AC impedance reach to 
mirror state. Therefore, based on digital sampling, the 
voltage ratio of Z0 and Zx (K=U2/U1)and their phase 
difference(θ=θU2-θU1) can be calculated. Then we get the 
voltage ratio standard and phase standard. Meanwhile, we 
should pay attention to the high current and the output of 
dual channel signal source in measurement experiment 
and protect the system by limiting current. Therefore, the 
actual value of the calibrated AC impedance is: 
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 Figure 1. Schematic Diagram of Equal Potential 
Measurement. 
 
3. Test Data 
 
The test system uses PXI digital sampling system to 
sample voltage, phase generator standard CH5500-2 as 
dual channel signal source, phase angle voltmeter 
CH2500A as null indicator. Meanwhile, using 100Ω of 
Agilent 42030A as calibrated AC resistance, the data of 
equal potential measurement is tested, which is shown in 
the table 1. 
 
Table 2. Test Data of Calibrated AC Resistance. 

standard PXI digital sampling calibrated 
resistance 

C0/µF U1/mV U2/mV θ/° f/Hz Zx/Ω θx/° 
1.0001 428.50 269.26 90.01 1000.05 99.99 0.01 

 
Thus, equal potential measurement that is operable and 
practical can calibrate the AC impedance. From test data, 
the actual value of calibrated resistance is 99.993Ω/0.005° 
at 1kHz. 
 
4. Equations Measurement Uncertainty 



 
The method for evaluating measurement uncertainty of 
AC impedance is as follows: 
 
A. Establish mathematical model 
 
The template is designed so that author affiliations are not 
repeated each time for multiple authors of the same 
affiliation. Please keep your affiliations as succinct as 
possible (for example, do not differentiate among 
departments of the same organization). This template was 
designed for two affiliations. The amplitude of calibrated 
AC impedance is: 
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In equation (2) : 
 

---- The actual value of calibrated AC resistance. xZ

 
K---- The voltage ratio standard got by sampling. 
 
f---- The actual value of frequency got by sampling. 
 
C0---- The actual amplitude value of standard capacitance. 
 
The angle of calibrated AC impedance is: 
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In equation (3) : 
 
θx ---- The actual angle of calibrated AC resistance. 
 
θ----The phase standard got by sampling. 
 
θ0---- The actual angle of standard capacitance. 
 
B. Sources of measurement uncertainty 
 
1) The source of the uncertainty of amplitude 
 
The source of voltage ratio standard uncertainty u(K): 
 
a) Uncertainty of short term stability of signal source 

output voltage u1. 
 

b) Uncertainty of short term stability of digital sampling 
system u2. 

 
The source of standard capacitance uncertainty u(C0): 
 
a) Uncertainty of annual variation of amplitude u3. 

 
b) Uncertainty of the superior passed u4. 

 
The source of calibrated AC resistance uncertainty u(Zx): 
 
a) Uncertainty of device repeatability of u5. 

 
b) Uncertainty of short term stability of phase angle 

voltmeter u6. 
 

c) Uncertainty of stability of cables and environment u7. 
 
2) The source of the uncertainty of angle 
 
The source of phase standard uncertainty u(θ): 
 
a) Uncertainty of short term stability of signal source 

output voltage u1. 
 

b) Uncertainty of short term stability of digital sampling 
system u2. 

 
The source of calibrated AC resistance uncertainty u(θx): 
 
a) Uncertainty of device repeatability u3. 

 
b) Uncertainty of short term stability of phase angle 

voltmeter u4. 
 

c) Uncertainty of stability of cables and environment u5. 
 
C. Evaluation of measurement uncertainty  
 
1) Evaluation of measurement uncertainty of amplitude 
 
a) Uncertainty of short term stability of signal source 

output voltage u1 
 
Through observation in the experiment, the amplitude of 
signal source does not change over a word within one 
minute. Therefore, according to the uniform distribution, 
the detection uncertainty will ≤5×10-5, k=1.732. 
 
b) Uncertainty of short term stability of digital sampling 

system u2 
 
Through observation in the experiment, the amplitude of 
digital sampling system does not change over a word 
within one minute. Therefore, according to the uniform 
distribution, the detection uncertainty will ≤5×10-5, 
k=1.732. 
 
c) Uncertainty of annual variation of amplitude u3 
 
Check the certificate of Agilent 16380A in recent years, 
the data is shown in table 2. By using the range method, 
the uncertainty is: 
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Table 2. The Certificate Data of Agilent 16380A. 
test point 2013 2014 2015 U3(×10-6) 

1µF 1.00011 1.00012 1.00011 5.9 
 
d) Uncertainty of the superior passed u4 
 
k=2, the uncertainty of superior passed is about 30×10-6. 
 
e) Uncertainty of device repeatability of resistance u5 
 
The calibrated AC resistance is repeated 8 times in a short 
time under the same conditions, so the 8 group data are 
obtained in Table 3. 
 

Table 3. The Data of AC Resistance 

Number 1 2 3 4 
Zx /Ω 99.9935 99.9934 99.9936 99.9937 

Number 5 6 7 8 
Zx /Ω 99.9936 99.9938 99.9939 99.9939 
 
As detection uncertainty, standard deviation is 

calculated by Bezier formula: 
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f) Uncertainty of short term stability of phase angle 

voltmeter u6 
 
Through observation in the experiment, the amplitude of 
phase angle voltmeter does not change over a word within 
one minute. Therefore, according to the uniform 
distribution,   the detection uncertainty will ≤5×10-7, 
k=1.732. 
 
g) Uncertainty of stability of cables and environment u7 
 
Because of using private wire and laboratory environment 
when we experiment with equal potential measurement, 
the amplitude changing for temperature and humidity is 
negligible. Thus, the detection uncertainty can be ignored. 
 
2) Evaluation of measurement uncertainty of angle 
 
a) Uncertainty of short term stability of signal source 

output voltage u1 
 
Through observation in the experiment, the angle of 
signal source does not change over a word within one 
minute. Therefore, according to the uniform distribution, 
the detection uncertainty will ≤5×10-5(°), k=1.732. 
 
b) Uncertainty of short term stability of digital sampling 

system u2 
 

Through observation in the experiment, the angle of 
digital sampling system does not change over a word 
within one minute. Therefore, according to the uniform 
distribution, the detection uncertainty will ≤5×10-4(°), 
k=1.732. 
 
c) Uncertainty of device repeatability of resistance u3 
 
The calibrated AC resistance is repeated 8 times in a short 
time under the same conditions, so the 8 group data are 
obtained in Table 4. 
 

Table 4. The Data of AC Resistance 

Number 1 2 3 4 
θx /˚ 0.0053 0.0052 0.0055 0.0054 

Number 5 6 7 8 
θx /˚ 0.0052 0.0051 0.0054 0.0052 

 
As detection uncertainty, standard deviation is calculated 
by Bezier formula: 
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d) Uncertainty of short term stability of phase angle 
voltmeter u4 

 
Through observation in the experiment, the angle of phase 
angle voltmeter does not change over a word within one 
minute. Therefore, according to the uniform distribution, 
the detection uncertainty will ≤5×10-4(°), k=1.732. 
 
e) Uncertainty of stability of cables and environment u5 
 
Because of using private wire and laboratory environment 
when we experiment with equal potential measurement, 
the angle changing for temperature and humidity is 
negligible. Thus, the detection uncertainty can be ignored. 
 
D. The detection uncertainty of calibrated AC resistance 
 

Table 5. The Detection Uncertainty 

detection 
uncertainty of 

amplitude 
source of uncertainty uncertainty 

value 

u1 short term stability  55 10 / 3

u2 short term stability  55 10 / 3
u3 annual variation 5.91×10-6 
u4 superior passed 30×10-6/2 
u5 device repeatability 1.83×10-6 
u6 short term stability  75 10 / 3

detection 
uncertainty of source of uncertainty value /˚ 



angle 
u1 short term stability  55 10 / 3( ) 

u2 short term stability  45 10 / 3( ) 

u3 device repeatability 3.3×10-4˚ 
u4 short term stability  45 10 / 3( ) 

 
E. Combined standard uncertainty 
 
The detection uncertainty is uncorrelated, so the combined 
standard uncertainty of amplitude is: 
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The combined standard uncertainty of angle is: 
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F. Expanded standard uncertainty 
 
The expanded standard uncertainty of amplitude is: 
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The expanded standard uncertainty of angle is: 
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5. Conclusion 
 
This paper introduces the evaluation of measurement 
uncertainty of AC impedance through equal potential 
measurement which can trace AC impedance to voltage 
ratio standard and phase standard as a calibration method. 
Meanwhile, the AC resistance whose amplitude is known 
is measured to verify its feasibility and the test data of 
measurement uncertainty is evaluated. And by evaluating 
of measurement uncertainty, the value of amplitude and 
angle is 99.993Ω /0.01˚ at 1kHz, and the measurement 
uncertainty is 0.009%/0.001˚ (k=2). 
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