
Precise Low Resistance 
Measurements using the B2961A 
and 34420A
Technical Overview

Introduction
Resistance measurement is one of 
the most commonly performed tests 
to characterize electrical device prop-
erties. However, very small resistance 
measurements require a very precise, 
low-level current source to prevent 
device self-heating or device damage 
during testing.
There are many factors that need to 
be considered when making precise 
low resistance measurements: 
•	The 4-wire (Kelvin) measurement  
	 technique must be used to remove  
	 lead and contact resistance. 
•	A current source and a voltage  
	 meter with both low noise and high  
	 accuracy are required.

B2961A/B2962A 6.5 Digit Low Noise Power Source

•	Test currents must be large enough  
	 to generate sufficient voltage drop  
	 across the test resistance such that  
	 it is measurable within the test  
	 equipment’s resolution limits. 
•	Self-heating effects caused by  
	 power dissipation need to be mini 
	 mized.
•	Special measurement technique  
	 must be used to eliminate offset  
	 currents (zeroing) and to reduce the  
	 thermal electromotive force (EMF)  
	 by alternating the current direction.
•	The current source and the voltage  
	 meter must be synchronized to  
	 avoid measurement error caused by  
	 source settling time.

Determining the appropriate test 
current is not trivial because while a 
larger test current gives you better 
measurement resolution, it also 
increases power dissipation and 
self-heating effects. This technical 
overview describes how to find the 
optimal test current for precise low 
resistance measurement using the 
Agilent B2961A 6.5 Digit Low Noise 
Power Source in conjunction with the 
Agilent 34420A 7 ½ Digit Nano Volt / 
Micro Ohm Meter.
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Figure 2. Broad bipolar and current ranges (4-quadrant operation)

Agilent B2961A/62A Low
Noise Power Source
The B2961A/B2962A, a member of
the Agilent B2900A Series of preci-
sion instruments, is an advanced
power supply/source. It can source
either voltage or current with 6.5
digits of resolution while also moni-
toring both voltage and current,
which is essential for a variety of
measurement applications (please
see Figure 1).

The B2961A/B2962A possesses an
intuitive graphical user interface
(GUI), and it can also be controlled
using free PC-based application soft-
ware from Agilent. This makes it
easy to begin making productive
measurements immediately.

The B2961A/B2962A is a bipolar
source that supports 4-quadrant
operation, so the voltage and current
polarities can be either positive or
negative. It can source currents
from 10 fA to 3 A (DC) or 10.5 A
(pulsed), and voltages from 100 nV
to 210 V (please see Figure 2).
In addition to the basic sourcing
capabilities described above, the
B2961A/B2962A also has advanced
features that permit more complex
testing and evaluation. These include
arbitrary waveform generation,
programmable output resistance
function and a time domain voltage/
current waveform viewer. Therefore,
the B2961A/B2962A satisfies all of
the requirements for precise low
resistance measurement when used
in combination with the Agilent
34420A.

Figure 1. The B2961A/B2962A can source either voltage or current with 6.5
digits of resolution
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The combination of the B2961A and
34420A provides superior perfor-
mance for low resistance measure-
ment. In the resistance measurement
scheme shown in Figure 3, the
34420A performs the voltage mea-
surement while the B2961A sources a
precise current. In this setup the
B2961A acts as the master and 
makes measurements at programmed
intervals while simultaneously
sending trigger signals to the 34420A 
to perform voltage measurements.

The 34420A can measure resistance
without other instrumentation. Its
minimum resistance range is 1 Ω
and its maximum output current is
10 mA. However, the B2961A can
force currents of up to 3 A, making it
possible to perform measurements
with resolution 300 times higher as
compared with the case of the
standalone 34420A. In addition, using
the B2961A’s list sweep mode it
is possible to generate alternating 
polarity test currents to suppress the
effects of thermal electromotive

Figure 4. Technique to eliminate the measurement error caused by electro motive force

force (EMF). This is important when
measuring small resistances since
errors due to offset voltages and
EMF can significantly affect measure-
ment accuracy (please see Figure
4a). The following equation shows
the impact of these errors on a resis-
tance measurement made by forcing 
current and measuring voltage:

This error can be eliminated by apply-
ing both forward and reverse currents
(ISrc and - ISrc) and averaging the two 
voltage measurement results
(please see Figure 4b). The following 
equation shows how to use these 
two measurement results to calculate 
the true value of the resistance:
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Figure 3. Diagram of the B2961A and 34420A low resistance measurement solution
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Figure 5. Measurement results using the 34420A’s internal current source

Measurement Example
A measurement example is shown
using a 10 mΩ metal foil resister,
which exhibits a very small EMF.
The measurement results are shown
in Figures 5, 6 and 7.

The 34420A can measure the resis-
tance using its internal 10 mA current
source (with offset compensation)
without using the B2961A (please 
see Figure 5). As Figure 5 shows, the 
data fluctuations due to electrical 
noise can be seen in the measure-
ment results using a 10 power line 
cycle (PLC) aperture time (in other 
words, integration time). Although it 
is reduced by increasing the aperture 
time to 100 PLC, this makes the 
measurement time unacceptably
long (about 8 s/point with auto 
compensation enabled). 

On the other hand, the data fluctua-
tions using a 10 mA current supplied 
by the B2961A using a 10 PLC aper-
ture time is less than that observed 
using the 34420A’s internal 10 mA 
current source due to the B2961A’s 
low noise current sourcing ability 
(please see Figure 6).

Moreover, if the current from the
B2961A is increased to 100 mA then
very stable measurements can be
achieved with a 10 PLC aperture
time. This enables the measurement
time to be kept to less than 1 s/
point (please see Figure 7).

As this example has shown, the
combination of the B2961A and
34420A enables you to get better
resistance measurement results
while minimizing measurement time.

Figure 6. Measurement stability comparison between the 34420A and the
B2961A used as current sources

Figure 7. Measurement results using the B2961A as a current source
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Methodology to determine
the optimal test current
As discussed earlier, determining the 
appropriate test current is not trivial 
because while a larger test current 
provides better resolution, it also 
increases device self-heating.
The following example describes the
procedure to determine the optimal
current to achieve stable measure-
ment results.
First, sampling measurements are
made using the B2961A under the
following conditions:
Aperture time: 10 PLC
Measurement Interval: 1 s
Test current: 10 mA, 100 mA, 500
mA, 1 A and 3 A

Measurement results are shown in
Figure 8. 

The minimum power dissipation is 1 
mW with a test current of 10 mA, and 
the maximum power dissipation is 90 
mW with a 3 A test current. As Figure 
8 shows, the 10 mA test current 
result exhibits large fluctuations that 
prevent accurate characterization,
while the other test current values 
display low enough noise levels to 
permit device evaluation. However, 
the test currents of 1 A and 3 A 
create enough device selfheating to 
cause the measurement curves to 
shift over time. After some thought, 
it appears that a test current of 
about 500 mA is appropriate for this 
measurement and that it strikes a 
good balance between measurement 
resolution and heat effects caused by 
power dissipation.

Figure 8. Measurement results using the B2961A as a current source with different
test currents

Figure 9. Sample measurement program to make resistance measurements with the 
B2961A and the 34420A
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Sample Measurement 
Program
A sample program to make resistance
measurements with the
B2961A and the 34420A is available
for download from the Agilent Web
site (please see Figure 9). It works
with C#, National Instruments Lab-
VIEW and Microsoft Excel with VISA
-COM. In addition to supporting basic
resistance measurements, the
program also supports the technique
described in this technical overview
that eliminates measurement errors.

As this example shows, the most
efficient way to determine the appro-
priate test current is to start with a
small test current and gradually 
increase it until the noise level is 
acceptable and yet small enough to
minimize heating effects caused by
power dissipation. In this example, a
500 mA test current was determined 
to be the best value to balance mea-
surement resolution requirements 
with power dissipation induced
heating effects.

http://www.home.agilent.com/agilent/editorial.jspx%3Fcc%3DUS%26lc%3Deng%26ckey%3D2276273%26nid%3D-33090.0.00%26id%3D2276273
http://www.home.agilent.com/agilent/editorial.jspx%3Fcc%3DUS%26lc%3Deng%26ckey%3D2276273%26nid%3D-33090.0.00%26id%3D2276273
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