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Introduction

Standard Test Methods

Electrical resistivity is a basic material property and defines

The resistivity of a solid insulating material is usually

how well the material will conduct an electric current.

measured by sourcing a known voltage for a specified

Insulators are poor conductors of electrical current and

time period and then measuring the resulting current.

typically have a high resistivity in the range of 10 to

The resistivity is calculated using Ohm’s law, the sample

1020 ohm-cm. The electrical resistivity of an insulator is

thickness, and the physical dimensions of the electrodes.

determined by measuring resistance, then converting it to

The specific details of a test procedure including electrode

resistivity by taking geometric considerations into account.

configuration, sample preparation, electrification time, and

9

The resistance of an insulating material is measured by

other details are often described in standard test methods.

applying a known potential to the sample and measuring the

Two common standard resistivity test methods for

resulting current. Because the measured current is very low,

insulating materials include ASTM D-257 “DC Resistance or

usually in the nanoamp or picoamp range, an electrometer is

Conductance of Insulating Materials” and the IEC 62631-1

often used. The Keithley 6517B Electrometer/High Resistance

“Dielectric and Resistive Properties of Solid Insulating

Meter is commonly used to make these measurements

Materials”. These standards provide detailed information on

because of its ability to force voltage up to ±1000 V DC and

calculations, sample preparation, correction factors and other

measure very small current (<3 fA input bias current) and high

measurement considerations.

resistances (up to 1018 Ω).
To account for the sample’s geometry, electrodes with

The test configurations will vary depending on whether
measuring the surface or volume resistivity of the sample.

convenient dimensions should be used to make contact
to the sample. The electrode configuration depends upon

Surface Resistivity

whether the volume or surface resistivity is measured. The

Surface Resistivity is defined as the electrical resistance of

Keithley 8009 Resistivity Test Fixture can be used for either

the surface of a material and is expressed in ohms or ohms/

volume or surface resistivity measurements on insulating

square. It is measured by placing two electrodes on the

materials.

surface of the test sample, applying a potential difference

This app note explains how to make volume and surface

between them, and measuring the resulting current.

resistivity measurements of insulators using the 6517B

A configuration for measuring surface resistivity using circular

Electrometer/High Resistance Meter, 8009 Resistivity Test

electrodes and the 6517B Electrometer is shown in Figure 1.

Fixture, and the Kickstart High Resistivity Application that

In this example, the Hi terminal of the 6517B V-Source is

can be used to automate the measurements.

connected to the Ring Electrode and the Hi terminal of the
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Figure 1. Surface resistivity test configuration using circular electrodes and the 6517B Electrometer

6517B Electrometer is connected to the Guarded Electrode.
Ring
Electrode

The LO of the Electrometer is the Guard and is connected
to the Top Electrode to prevent leakage current from flowing
through the material. The 8009 Resistivity Test Fixture uses

Guarded
Electrode

circular electrodes like the ones shown.

g

D1 D0 D2

Using this test configuration and referring to the circular
electrodes shown in Figure 2, the surface resistivity can be
calculated as follows:
V
= Ks ___
I

D2
D0
D1

where:
= surface resistivity in Ω (or Ω/square)
Ks = geometric constant equivalent to P/g

Sample

P = the effective perimeter of the guarded electrode

Guarded
Electrode

g

(cm) = πD0
D0 = D1 + g

g=

g = distance between the guarded electrode and the ring
electrode (cm)
V = applied voltage (volts)
I = measured current (amps)

D1 – D2
2

Ring
Electrode

D0 = D1 + g

Figure 2. Circular electrode dimensions

Test Fixture
Dimensions (cm)
If using the Keithley 8009 Resistivity
8009 Test Fixture, the
diameter of the circular electrodes
and
D1
2.000
in gap are shown in
D
2.125
in
0
inches as follows:
D2
2.250 in
D1 2.000 in
g
0.125 in

D2

2.125 in

D3

2.250 in

g

0.125 in
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Figure 3. Volume resistivity test configuration using circular electrodes and the 6517B Electrometer

Volume Resistivity
The volume resistivity is a measurement of the leakage

(

)

		D1		 g		 2
For circular electrodes, K V = π 		 ___ + __
2		2

current directly through a material. It is defined as the

D1 = outside diameter of guarded electrode

electrical resistance of an insulating material and is

g = distance between the guarded electrode and the

expressed in ohm-cm. The volume resistivity is measured by

ring electrode

placing the test sample between two electrodes, applying

t = average thickness of the sample (cm)

a potential difference between them, and measuring the
resulting current using an electrometer, such as the 6517B
Electrometer.
A configuration for measuring the volume resistivity of a
sample using circular electrodes and the 6517B Electrometer
is shown in Figure 3. In this example, the HI terminal of
the 6517B V-Source is connected to the Top Electrode and
the Hi terminal of the 6517B Electrometer is connected

V = applied voltage (volts)
I = measured current (amps)

Test Parameters and Dependencies
Several factors can affect resistivity measurements of
insulators including the applied voltage, electrification time,
and environmental factors.

to the Guarded Electrode. The LO of the Electrometer

Resistivity measurements of insulators are a function of the

is the Guard and is connected to the Ring Electrode to

applied voltage. Sometimes, the voltage is varied intentionally

prevent leakage current from flowing between the Ring and

to determine an insulator’s voltage dependency. Typically, the

Guarded Electrodes.

resistivity decreases as the voltage increases.

From this example the volume resistivity can be calculated

The resistivity of insulators also varies as a function of the

as follows:

electrification time. The longer the voltage is applied, the

KV V
= ____ ___
t
I
Where:
= volume resistivity (Ω-cm)
K V = the effective area of the Guarded Electrode for a
particular electrode arrangement
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lower the measured current (and the higher the resistivity)
becomes because the material continues to charge
exponentially. Using an electrification time of 60 seconds is
common. When comparing samples, it is always important to
use the same electrification time.
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Humidity greatly affects the results of surface resistivity

electrostatic pick-up, which can cause measurement errors.

measurements and, to a lesser degree, volume resistivity

The electrodes are made of stainless steel and are built to

measurements. Moisture will cause the surface resistivity to

ASTM standards and are compatible with the IEC standard.

be lower than normal.

The 8009 has conductive rubber electrodes that allow it

To make accurate comparisons between specific tests,

to make better contact with rigid samples, such as epoxy

the applied voltage, electrification time, and environmental

or ceramics. Refer to the instruction manual for the 8009

conditions should be kept constant from one test to the next.

for installing the insulator sample in the test fixture. If the
8009 is not suitable for a particular application, then the

Using the 6517B Electrometer and the
8009 Resistivity Test Fixture
Because of its ability to measure very low current, high

ASTM procedure also describes several other electrode
configurations, depending on the size and shape of
the specimen.

resistance, and force up to ±1000 V DC, the 6517B

Connections between the 6517B and the 8009 are shown

Electrometer/High Resistance Meter is an ideal choice for

in Figure 4. To optimize low current measurements, the

measuring resistivity of insulating materials. The 6517B has

ammeter is connected to the test fixture using low noise triax

built-in test sequences that enable the user to automatically

cabling. All of the cables and adapters needed to make the

set-up resistivity measurements and save the results in its

measurements are included with the test fixture.

internal buffer.
The 8009 Resistivity Test Fixture allows volume resistivity

Built-In Test Sequences for Resistivity

measurements up to 1018 Ω-cm or surface resistivity

The 6517B Electrometer includes several built-in test

measurements up to 10 Ω. The Keithley 8009 Resistivity

sequences including the Normal Resistivity Tests (based

Test Fixture contains an electrode configuration like the

on standard test methods) and the Alternating Polarity

one shown previously in Figure 2. In this test fixture the

Resistance/Resistivity Test. These test sequences can

circular electrodes are in a shielded box to minimize stray

be used to simplify the front panel configuration of these

17

6517B-ILC-3 Interlock Cable

8009

7078-TRX-3 Triax Cable

6517B Rear Panel
8607 Banana Plug Cables

WARNING: Connect

of fixture to safety earth ground using safety ground wire (supplied with 8002A Test Fixture).

Figure 4. Connections from the 6517B Electrometer to the 8009 Resistivity Test Fixture
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resistivity measurements. Below is an overview of these test

counter these problems, the Alternating Polarity method can

methods. Please refer to the 6517B Reference Manual for

virtually eliminate the effects of the background currents on

instruction on using these test sequences.

the sample.

Normal Resistivity Tests (Surface and Volume)

The Alternating Polarity method applies a bias voltage
of positive polarity, then the current is measured after a

The normal resistivity tests for both volume and surface

specified delay. Next, the polarity is reversed and the current

resistivity involve applying a voltage bias for a specified

is measured again, using the same delay. The resistance

period of time (electrification time). At the end of the

is calculated based on a weighted average of the most

electrification time, the current is measured and resistivity

recent current measurements. The resistance value is

is calculated using the formulas for surface and volume

then converted to a resistivity value if the meter has been

resistivity that are noted earlier in this document. The user

configured for resistivity measurements. With this method,

can also choose to discharge the sample for a specified time

the user enters the test voltage, measurement time, and

period. When used with the 8009 Resistivity Test Fixture,

the number of iterations. Figure 5 shows an example of the

the test conforms to the ASTM D-257 and IEC 62631-3-1

Alternating Polarity test showing the applied voltage and

standards.

resulting sample current measured as a function of time from

Alternating Polarity Resistance/Resistivity Test

a typical high resistance sample.

The Alternating Polarity Resistance/Resistivity test

KickStart High Resistivity Application

sequence is designed to improve high resistance/resistivity
measurements by eliminating the effects of background

Keithley offers software to automate resistivity measurements

currents on the sample. Background currents may be due to

using both the standard test methods and the alternating

charge stored in the material, static or triboelectric charge, or

polarity method. The KickStart High Resistivity Application

piezoelectric effects. If the background current is the same

performs measurements of volume and surface resistivity

polarity as the measured current, the resultant measured

of insulators according to ASTM D257 and IEC 62631-3-1

current value will be much higher than the true value. If the

standards. This application is designed for use with Keithley’s

background current is the opposite polarity, these unwanted

6517B Electrometer/High Resistance Meter and the 8009

currents could cause a reverse polarity current reading. That

Resistivity Test Fixture. However, if the user does not have the

is, the current polarity is opposite the polarity of the applied

8009, they can enter in their own geometric constants based

voltage, so the calculated resistance will be negative. To

on their electrodes.

15
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0

Figure 5. Alternating Polarity test sequence
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Figure 6 is a screen capture of the Surface Resistivity
simplified settings page. The user selects between the
surface, volume or resistance measurement types. The
measurement mode can be set to step response, normal, or
alternating polarity. Other settable parameters include the
test voltage, test time, number of readings, current range, and
NPLC. Further information on the settings will be described in
the following paragraphs.
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The KickStart High Resistivity application can be used to:
• Perform a voltage step response to determine an
electrification time appropriate to the material’s time
constant. Figure 7 is a screen capture from the KickStart
software showing both the current and resistivity as
a function of time due to a voltage step applied to an
insulating material.
• Observe resistivity dependency on temperature
and relative humidity using optional 6517-TP and
6517-RH probes.
• Use the alternating polarity technique to eliminate
inherent background currents. Figure 8 shows graphs of
the alternating polarity technique from KickStart software.
The top graph shows the current as a function of time
and the bottom graph shows the surface resistivity.
• Perform normal resistivity measurements as a function of
time (without alternating polarity) as shown in Figure 9.
This normal method complies with ASTM D257 standard
as well as IEC-62631-3-1 standards.

Figure 6. KickStart High Resistivity Application settings page

Figure 7. The step response test enables the user to determine the electrification time that will allow current measurements to settle for
repeatable resistivity results..
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Figure 8. Alternating Polarity method test results displaying current and resistivity as a function of time

Figure 9. Current and surface resistivity measurements using the Normal (standard) test method
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Additional Features of the KickStart High
Resistivity Application:
• Has an option to apply voltage and time settings from
the ASTM D257 standard (note that voltage specified by
IEC-62631-3-1 standard is different, but that user can
configure that voltage setting within KickStart).
• Includes the ability to discharge samples after testing.
Uses timing values recommended by ASTM D257
standard.
• Exposes 6517B’s meter-connect function in the software
to reduce number of external connections user needs
to make.
• Returns real-time measurements while step response is
executing.
• Consolidates graph data onto one screen for
simplified viewing.

APPLICATION NOTE

• Simplified tabular data display so that users can focus on
final resistivity measurement value.
• Take advantage of many built-in KickStart 2.x features
including:
– Automatically saves all data to file and allows users to
access in Run History
– Allows users to easily compare measurements using
Run History compare
– Includes option to automatically export data to file
Download your free trial of the KickStart High Resistivity
Application today at www.tek.com/keithley-kickstart.
Ordering information can be found at https://www.tek.com/
keithley-kickstart.
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Contact Information:
Australia 1 800 709 465
Austria* 00800 2255 4835
Balkans, Israel, South Africa and other ISE Countries +41 52 675 3777
Belgium* 00800 2255 4835
Brazil +55 (11) 3759 7627
Canada 1 800 833 9200
Central East Europe / Baltics +41 52 675 3777
Central Europe / Greece +41 52 675 3777
Denmark +45 80 88 1401
Finland +41 52 675 3777
France* 00800 2255 4835
Germany* 00800 2255 4835
Hong Kong 400 820 5835
India 000 800 650 1835
Indonesia 007 803 601 5249
Italy 00800 2255 4835
Japan 81 (3) 6714 3086
Luxembourg +41 52 675 3777
Malaysia 1 800 22 55835
Mexico, Central/South America and Caribbean 52 (55) 56 04 50 90
Middle East, Asia, and North Africa +41 52 675 3777
The Netherlands* 00800 2255 4835
New Zealand 0800 800 238
Norway 800 16098
People’s Republic of China 400 820 5835
Philippines 1 800 1601 0077
Poland +41 52 675 3777
Portugal 80 08 12370
Republic of Korea +82 2 565 1455
Russia / CIS +7 (495) 6647564
Singapore 800 6011 473
South Africa +41 52 675 3777
Spain* 00800 2255 4835
Sweden* 00800 2255 4835
Switzerland* 00800 2255 4835
Taiwan 886 (2) 2656 6688
Thailand 1 800 011 931
United Kingdom / Ireland* 00800 2255 4835
USA 1 800 833 9200
Vietnam 12060128
* European toll-free number. If not
accessible, call: +41 52 675 3777
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