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Measurements on Highly Conductive Alloys
(Copper and Copper + Zink Alloy) and commercial PMMA
Probing depth and Total to
Characteristic Time
The probing depth gives a direct
idea of how large the volume is
that have been probed by the
sensor. The definition of probing
depth for a Hot Disk Thermal
Constants Analyser of bridge
type is
∆p = 2(κ tmeas)1/2,
where tmeas is the measurement
time in s and κ is the diffusivity
in mm2/s. The probing depth is
therefor a means of checking that
the sample size is sufficient.

Introduction
Measurements on highly conductive materials such as Copper, Aluminium, and various alloys
are easily measured with the Hot Disk Thermal Constants Analyser. In this application note
two such alloys were measured together with a commercial PMMA sample. The
measurements clearly show the flexibility of the system and how a large span of thermal
diffusivity affects the measurement time.
The probing depth, ∆p, gives the size of the probed volume. This volume resembles a “patty”
with height = 2∆p and a diameter = 2rs + 2∆p (see figure below). In order for the measurement
to be successful, the ∆p needs to fullfill the requirement rs < ∆p < 2rs, where rs is the sensor
radius. This inequality can be shown to be equivalent to the more familiar requirement for the
“Total to Characteristic Time” 0.3 < TtCT < 1.0. It is the main purpouse of this application
note to show the tight relationship between measurement time, sensor and diffusivity.

∆p

The Total to Characteristic
Time
This dimensiontless quantity is
defined as
TtCT = κtmeas/rs2,
where the sensor radius is
denoted as rs.
Together the probing depth and
the Total to Characteristic Time
gives information on the shape
and size of the heated volume
and confirms that the sensor and
measurement time were
dimensioned correctly for the
sample.

Sensor
Results and Measurements
Sample 1 was commercial PMMA and a 6.6 mm radius sensor (5082), 0.1 W and 80 s were
used for the measurements. Results:
Thermal Conductivity
Diffusivity
Cp

0.2131 W/mK, std 0.11%
0.122mm2/s, std 0.38%
1.744MJ/m3K, std 0.26%

Sample 2 was a CuZn alloy. A larger sensor with radius 14.67 mm (4922) was used together
with higher power and short measurement time 3W and 5s. Results:
Thermal Conductivity
Diffusivity
Cp

115.47W/mK, std 0.22%
34.14mm2/s, std 0.94%
3.383MJ/m3K, std 1.13%

The third sample was pure Cu. Since conductivity and diffusivity now is much larger than the
previous sample, we had to increase power and decrease time to be able to fulfil the Total to
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About the Hot Disk instrument
The Hot Disk Thermal Constants
Analyser is a system designed to
conveniently measure the thermal
transport properties of a sample:
thermal conductivity, thermal
diffusivity and specific heat. The
system is based on a patented
Transient Plane Source (TPS)
technique, which can be used to
study materials with thermal
conductivities from 0.005 to 500
W/mK and covering a
temperature range from 30 to
1000K.
The following modes of
operation are available with the
Hot Disk instrument
1) Basic method: The sensor is
sandwiched between 2
sample pieces. This method
also features a single sided
option.
2) Thin Film method: A
special extremely sensitive
sensor is sandwiched
between 2 pieces of the film
(10-500µm).
3) Slab method: For highly
conducting materials (>
10W/mK like SiC, Cu etc.).
4) Anisotropic method: This
method measures the
anisotropic thermal
conductivity and diffusivity
in 2 directions of a uni-axial
sample.
5) Cp: Determines Cp of solid
samples.

Characteristic time requirement. Sensor 4922 (radius 14.97 mm), power 10 W and time 1.5 s
was used. Results:
Thermal Conductivity
Diffusivity
Cp

405.2W/mK, std 0.86%
107.0mm2/s, std 1.80%
3.787MJ/m3K, std 2.36%

Comments
All measurements were carried out with the standard method, due to the sample sizes. The
results compare well with values typically found in literature.
The probing depth of the three measurements are in order
∆pPMMA = 6.2 mm (roughly the sensor radius)
∆pCu+Zn = 26 mm (roughly the diameter of the sensor)
∆pCu = 26 mm (roughly the diameter of the sensor)
In all cases the Total to Characteristic Time was between 0.3 and 1.0, thus the measurements
are all valid.
These measurements clearly show how a large span in thermal diffusivity can be dealt with by
varying measurement time and sensor radius. In order to measure samples like Copper, the
sensor needs to be big in order to reduce the Total to Characteristic time. At the same time a
big sensor requires a rather big sample. The recommendations for a highly conductive sample
is to try to manufacture samples with the shape of a slab; a large area but a thickness in the
range 0.5 to 8 mm.
It is interesting to notice that according to the equations for Total to Characteristic Time and
the probing depth, it should be possible to measure the thermal conductivity, diffusivity and
specific heat capacity on a diamond provided that we have a big sensor and a sufficiently big
diamond.
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