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Both two-wire and four-wire resistance measurements are
features of all Keithley digital multimeters (DMMs) and
SouceMeter® instruments, including the Models 2110, 2100,
2000, 2001, and 2002 DMMs, the Series 2700 DMM/dataloggers,
the Series 3700 DMM/switch mainframes, and the Series 2400
and 2600 SourceMeter source measurement units (SMU). This
4W measurement capability allows users to make low resistance
measurements more accurately.

Two-Wire Resistance Measurements

Resistance measurements are often made using the two-wire
method shown in Figure 1. A test current is forced through

the test leads and the resistance (R) under test. The meter then
measures the voltage across the resistance through the same set
of test leads and computes the resistance value accordingly.
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Figure 1. Setup for a typical two-wire resistance measurement.

The main measurement issue with the two-wire method,
as applied to low resistance measurements, is that the total lead
resistance (R;pap) is added to the measurement. Since the test
current (I) causes a small but significant voltage drop across the
lead resistances, the voltage (V,) measured by the meter won’t
be exactly the same as the voltage (Vy) directly across the test
resistance (R), and considerable error can result. Typical lead
resistances lie in the range of 10mQ to 1Q, so it’s very difficult
to obtain accurate two-wire resistance measurements when the
resistance under test is lower than 100Q. For example, using test
leads with a 100m 2 combined resistance to perform a two-wire
resistance measurement on a 500mQ resistor will result in a 20%

Overview of Two-Wire and Four-Wire
(Kelvin) Resistance Measurements

measurement error in addition to that of the instrument.
See Table 1 for another example.

Table 1: Example 2W measurement errors.

DUT Lead Path Resistance % Lead-contributed Error
2Q 1Q 20 mQ 2%
4Q 1Q 20 mQ <0.1%

Four-Wire (Kelvin) Resistance Measurements

Due to the limitations of the two-wire method, the four-wire
(Kelvin) connection method shown in Figure 2 is generally
preferred for low resistance measurements because it reduces
the effect of test lead resistance. These measurements can be
made using a DMM, SourceMeter SMU instrument, or a separate
current source and voltmeter. With this configuration, the test
current (I) is forced through the test resistance (R) via one set
of test leads, while the voltage (V) across the DUT is measured
through a second set of leads (sense leads). Although some
small current (typically less than 100pA) may flow through the
sense leads, it is usually negligible and can generally be ignored
for all practical purposes. The voltage drop across the sense
leads is negligible, so the voltage measured by the meter (Vy) is
essentially the same as the voltage (Vg) across the resistance (R).
As a result, the resistance value can be determined much more
accurately than with the two-wire method.
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Figure 2. The effect of test lead resistance can be reduced using the four-
wire (Kelvin) connection method.

Note that the voltage-sensing leads should be connected as
close to the resistor under test as possible to avoid including part
of the resistance of the test leads in the measurement.
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