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Current dependence coefficient determination for different DC
standard resistors measurements based on V-1 method
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Abstract: Current dependence and stability of the measured resistance value are very important for the accurate measurement of
DC standard resistor. In this paper, the volt-ampere (V-I) measurement method has been applied to study the current depend-
ence of four different types of standard resistors. Diverse values are obtained through the investigation of their stability at dif-
ferent currents. Therefore, the current dependence coefficient (CDC) can be determined for each one of the studied resistors.

Research shows CDC depends on the applied current value, the measurement time and the resistor type, as clearly demonstra-

ted in this research.
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0 Introduction

Practically speaking, resistors working under dif-
ferent operating currents are used in various electrical
circuits. The resistance value changes with the chan-
ging of the applied operating current'" which is called
current dependence, and it is generally proportional
to the resistor temperature coefficient”’. The current
dependence is considered useful during the accurate
measurement of resistance for many applications
which necessitate operations the standard resistor at
different currents. Some of these applications are re-

[2-3]

sistance scaling“*, and calibration of reference cur-

rent shunt is used in DC current, ac current and pow-

(). So many researchers are inter-

er measurements
ested in the current dependence measurements as de-
scribed in Refs. [5-6]. They used cryogenic current
devices, which had many limitations and precautions,
to measure the current dependence of 1 () resistor on-
ly.

In this paper, current dependence coefficients for
various standard resistors which are 1 mQ, 10 mQ,

100 mQ and 1 Q have been measured by using the V-
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I measurement method which is reliable and can be
easily realized. Therefore, an automated measure-
ment set-up controlled by a specially designed Lab-
VIEW program and mainly constructed by highly ac-
curate programmable DVM and DMM, is used to
measure the voltage drop and the current, respective-
ly. So the resistance value could be computed accord-
ing to the Ohm’s law. For accurate measurement of
resistance, it is necessary that resistors should reach
its steady-state value, and have sufficient time for
each measurement. So stability of the investigated
standard resistor is studied at different selected oper-
ating currents, but under the same environmental
condition. Based on the obtained stability curves, the
CDC of each resistor will be described in details

through this work.

1 Measurement set-up

The measurement set-up of the current dependence
and the stability of the standard resistor is automati-
cally done by using a LLabVIEW program, which is
also developed for this purpose. Fig.1 shows the

measurement system of the standard resistor.
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Fig. 1 Measurement system of the standard resistors

The circuit set-up of the measurement system is il-
lustrated in Fig. 2.

The passing current and the voltage drop of the
standard resistor R, are simultaneously measured by
using a DMM Fluke model 8508A and a DVM
Keithley model 182, respectively. Value of R, can be

calculated according to Ohm’s law.
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Fig. 2 Circuit set-up of measurement system

The stability of the 1 mQ standard resistor R, has
been studied during 1 hour at constant interval. Val-
ues of the passing current and the voltage drop of the
standard resistance are automatically measured each

10 s. Then the value of R, can be computed. These

values are automatically saved in an excel sheet as
shown in Fig. 3. The previous steps are repeated for
each applied current with waiting time at least 30 min
to minimize the effect of the power dissipation of the

standard resistor®!,
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2 Measurement results

Stability and current dependence for various types
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Excel sheet of measurement results for 1 mQQ standard resistor

and different values of standard resistors are meas-
ured and studied. The used standard resistors are
1 mQ standard resistor OHM-LLABS model 1003,
10 mQ standard resistor OHM-LABS model 1002,
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100 mQ standard resistor Tinsley model 5686 and
1 Q standard resistor Fluke model 742A.

2.1 Resistor stability

The stability of the used standard resistors has

been studied at different currents. For the 1 mQ

4 A and 6 A. 10 mQ standard resistor is measured at
1A, 3Aand5 A. 100 mQ standard resistor is meas-
ured at 1.5 A, 2 A and 2.5 A. For the 1 () standard
resistor, its value is measured at 100 mA, 250 mA
and 400 mA.

Fig. 4 shows the stability charts for each standard

standard resistor, its stability is measured at 2 A, resistor.
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Fig. 4 Stability study of used standard resistors

2.2 Current dependence coefficient results

Current dependence of each resistor is studied at

different currents depending on their stability study.
Fig. 5 shows the current dependence of the used

standard resistors.
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Fig. 5 Current dependence of used resistors
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It shows that the CDC of the standard resistor
1 mQis —0.1 pQ/A, CDC of the standard resistor
10 mQ is — 0. 6 pQ/A, and CDC of the 100 mQ
standard resistor is —3. 2 pQ/A, while the CDC of
the resistance standard 1 ), which carries the maxi-
mum current 500 mA, is 0. 001 xQ/mA.

It is demonstrated that the standard resistors of
1 mQ, 10 mQ and 100 mQ have negative CDC, and
they are stable at longer time even increasing the ap-
plied current. However, the standard resistor 1 Q
has very small CDC, and it is stable in relatively very
short time, which is independent of the applied cur-

rent.

3 Conclusion

An easy and dependable measurement method has
been used to evaluate the current dependence for dif-
ferent types and values of standard resistors. It has
been proved that, measurement stability of resistors
which have negative current dependence coefficients
is obtained in relatively shorter time at the lower op-
erating current. However, values of the resistors

that have relatively small current dependence coeffi-

cients could be considered stable in relatively very

short time, and independent of the applied current.
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