General Methods
for Measuring Thermal Conductivity

Introduction
This article provides an overview of the principal methods
for measuring thermal conductivity, particularly in electronics
thermal management. Designing successful electronics
cooling solutions requires an accurate knowledge of the
thermal and mechanical properties of the various materials
involved. These materials include silicon, copper, aluminum,
fiberglass, epoxies, plastic resins and ceramics. Printed
circuit boards and their attached components are all made
from these substances, whose individual and combined
thermal conductivities are critical to thermal performance of
the system from the component level through to full scale
assemblies and enclosures.
Two quantities govern heat transfer in an object: thermal
conductivity and thermal diffusivity. Thermal conductivity
is considered the more important quantity for thermal
management because of the length scales encountered with
electrical devices and printed circuit boards. The dynamic
effects of thermal diffusivity are important for analyzing
extremely local and rapidly changing heat loads. Electronic
assemblies do not typically function in this manner.
Thermal conductivity, K in general, is measured as shown in
Figure 1. It is defined as:

Where:
Q = the amount of heat passing through a cross section
(W)
A = the cross-sectional area (m2)
∆T = the temperature difference (°C)
∆L = the material thickness (m)
Q / A = the heat flux causing the thermal gradient, ∆T / ∆L.

Figure 1. Typical Thermal Conductivity Measurement Diagram [1].

Choosing a Measurement Method
Many techniques exist for measuring the various thermal
quantities [2]. Each one has its own requirement for sample
size and shape, degree of accuracy, cost, complexity, etc.
The Four Principal Measurement Techniques [2]
1. Long Bar with Steady Heating – The most traditional
method for measuring thermal conductivity uses a bar with
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one dimension significantly longer than the other two. A
controlled amount of heat is introduced at one end of the bar
while the opposite end is thermally grounded.
2. Long Bar with Periodic Heating – Rather than steadily
heating a long bar, it can be beneficial to generate thermal
waves by applying time-dependent heat to a sample. The
analysis of thermal waves generated by periodic heating is a
technique pioneered by Angstrom in the 19th century.
3. Three-Omega Method – The thermal conductivity of a
sample near its surface can be measured by the periodic use
of a suitable metallic heater in direct contact with the sample.
Typically a thin metallic line heater equipped with separate
current and voltage leads is connected to an AC electrical
power source. This generates an oscillating temperature; the
measured voltage then has a component V3v at a frequency

Comparing All Techniques
Tables 1 through 3 summarize the various methods for
measuring thermal conductivity. Table 1 shows these
methods grouped according to the time dependence of
the heat applied to the sample – steady-state, periodic and
pulsed. The methods differ principally by the geometry of
the sample and heater, and also by the use of thermometry.
The remarks in Table 1 include the particular advantages,
disadvantages or peculiarities of each method. Table 2 shows
the quantities being measured, percentage of uncertainty,
and relative cost. Table 3 shows the equipment needed for
measuring thermal conductivity or thermal diffusivity. The
numbering sequence is the same in each table.

of 3v. For this reason, the method is sometimes called the
3v method.
4. Flash Method – This is particularly useful for measuring
the thermal diffusivity of a thin, free- standing, homogeneous
plate. It consists of heating one side of a sample plate with a
pulse of radiation from a flash lamp or laser. Simultaneously,
the temperature of the opposite side is monitored for the
arrival of the heat wave. Figure 2 shows the apparatus used
for the flash method of measuring thermal diffusivity.

First Volume of
Qpedia Thermal
eMagazine
Articles Now
Available in
Hardcover Book!
ATS has published Qpedia Thermal eMagazine, Volume
1, Issues 1-12, a hardbound, full-color book that compiles
46 technically comprehensive articles offering expert-level
coverage on a wide range of heat management issues that
impact virtually all of today’s electronic devices.

Figure 2. The Linseis LFA 1000 Laser Flash Instrument for
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Table 1. Descriptions of Different Methods for Measuring Thermal
Conductivity.
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Table 2. Summary of Techniques for Measuring the Thermal Properties of Materials.

Table 3. Equipment Needed for Measuring Thermal Conductivity and/or Diffusivity [2].
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Figure 3 shows data obtained by measuring the in-plane
thermal conductivity of a sample of printed wiring board
with many vias. Twelve thermocouples attached along the
center line of the sample are used to measure the gradient
generated by a heater at the free end. Copper wire looped
through holes at either end is used to improve thermal contact
of the sample with both the heater wire and thermal ground.
The lower set of data is obtained with an atmosphere of air
around the sample; the upper set is obtained with a vacuum
and radiation shields placed around the sample [5].

Figure 3. Data Obtained by Measuring the In-Plane Thermal
Conductivity, k of a Sample of Printed Wiring Board with Many Vias
[2].

In the Figure 3 set up, thermal conductivity is measured
from

Commercial Vendors
Instruments for measuring thermal conductivity, thermal
diffusivity or specific heat are available from many equipment
manufacturers and suppliers, including:
Anter Corp., 1700 Universal Rd. Pittsburg, PA 15325 [2]
Holometrix Inc., 25 Wiggins Ave., Bedford, MA 01730 [2]
Netzsch Instruments, Wittelsbacherstrasse 42, P.O. Box
1460, D-95088 Selb, Germany [2]
Orton Instruments, 6991 Old 3C Highway, Westerville, OH
43081 [2]
Sinku-Riko Inc., c/o ULVAC Technologies, Inc., 300 Hakusancho, Midori-ku Yokohama 226, Japan [2]
Theta Industries Inc., 26 Valley Rd. Port Washington, NY
11050 [1]

Standard Measurement Techniques [4]
The following are referenced standards that are used for
measuring thermal properties of solids and liquids.
IEEE Standard 442-1981, “IEEE Guide for Soil Thermal
Resistivity Measurements”
IEEE Standard 98-2002, “Standard for the Preparation of
Test Procedures for the Thermal Evaluation of Solid Electrical
Insulating Materials”
ASTM Standard D5470-06, “Standard Test Method for
Thermal Transmission Properties of Thermally Conductive
Electrical Insulation Materials”
ASTM Standard E1225-04, “Standard Test Method for
Thermal Conductivity of Solids by Means of the Guarded-

K = Q/A(∆T/ ∆X)

Qpedia Thermal eMagazine Articles
Now Available in Hardcover Book!

Where:
A = cross-sectional area = 0.1 cm2
And
(∆T/∆X) = temperature
thermocouples
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Comparative-Longitudinal Heat Flow Technique”
ASTM Standard D5930-01, “Standard Test Method for
Thermal Conductivity of Plastics by Means of a Transient
Line-Source Technique”
ASTM Standard D2717-95, “Standard Test Method for
Thermal Conductivity of Liquids”
ISO 22007-2:2008 “Plastics -- Determination of Thermal
Conductivity and Thermal Diffusivity -- Part 2: Transient
Plane Heat Source (Hot Disc) Method”

Summary
The set up and solution of the measurement methodology
difficulty impacts and complicates the measurement
process. The wide choice of methods may first appear to
be a disadvantage. However, once understood for their
application-specific benefits – the advantages become
evident. Materials to be tested, part geometry and part
test temperatures will usually be the primary criteria. As
always, the relative cost and expected level of accuracy will
also be important factors. Avoiding complicated boundary

conditions, irregular part geometry, difficult heater placement/
construction and encouraging the difficult task of onedimensional heat flow will greatly simplify the measurement
process. Multiple benefits will result from reducing the cost
and assembly difficulty of the experimental set-up while
avoiding those errors often introduced when attempting to
construct complicated analytical/mathematical models.
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