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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TEST METHODS FOR ELECTRICAL MATERIALS, PRINTED BOARD AND
OTHER INTERCONNECTION STRUCTURES AND ASSEMBLIES -

Part 2-808: Thermal resistance of an assembly
by thermal transient method

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC 61189-2-808 has been prepared by IEC technical committee 91: Electronics assembly
technology. It is an International Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

91/1935/FDIS 91/1955/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.
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The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 61189 series, published under the general title Test methods for
electrical materials, printed board and other interconnection structures and assemblies, can be
found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside"” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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TEST METHODS FOR ELECTRICAL MATERIALS, PRINTED BOARD AND
OTHER INTERCONNECTION STRUCTURES AND ASSEMBLIES -

Part 2-808: Thermal resistance of an assembly
by thermal transient method

1 Scope

This part of IEC 61189 describes the thermal transient method to characterize the thermal
resistance of an assembly consisting of a heat source (e.g. power device), an attachment
material (e.g. solder) and a dielectric layer with electrode. This method is suitable to determine
the thermal resistance of materials and assembly methods as well as to optimize the thermal
flux to a heat sink.

NOTE This method is not intended to measure and specify the value of the thermal resistance of a dielectric
material. For that purpose, other standards exist. Examples are given in Annex A.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60194-2, Printed boards design, manufacture and assembly — Vocabulary — Part 2:
Common usage in electronic technologies as well as printed board and electronic assembly
technologies

3 Terms and definitions
For the purposes of this document, the terms and definitions given in IEC 60194-2 apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp
4 Objective

The increasing power consumption of devices such as LED require a close examination of the
heat dissipating path within thermal conductive printed circuit boards (Annex A). Therefore,
effective removal of heat to maintain a safe junction temperature is the key to meeting the heat
flux by using thermal conductive material for printed circuit boards. Thermal resistance is the
crucial factor of heat dissipation dielectric materials in printed circuit board. Therefore, with the
aim to reduce the thermal resistance in circuit boards, it is proposed to determine the thermal
resistance by measuring the thermal transient characteristics of an assembly.
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5 Test specimen

To test the thermal resistance of an assembly, at first a test specimen shall be built, which
consists of a heat source (e.g. power device), an attachment material (e.g. solder) and a
dielectric layer with metal electrode. See Figure 1 for the structure. In the next step, the thermal
resistance of the assembly can be determined by comparison of the thermal transient
characteristics obtained when testing the assembly attached to a thermostat with or without a
thermal interface material (TIM). See Figure 3 and Clause 6 for the test description.

1
3

\ S

IEC

Key
1 Heat source
Solder

Electrode layer

A w0 N

Dielectric layer

Figure 1 — Structure of an assembly

To obtain an adequate thermal resistance, a layer of around 200 ym thick solder shall be used
for the die attach. The power source is a chip type device of the size 3,45 mm x 3,45 mm,
powered with 1 W through voltage common collector (VCC) and ground (GND). The dielectric
layer is a 2 cm x 2 cm substrate of 1 mm thickness. Figure 2 shows an example of such a test
specimen.

IEC

Key
1 Voltage common collector (VCC)

2 Ground (GND)

Figure 2 — The fabricated test sample
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6 Test equipment and procedures

6.1 Test method and recommended test parameters

The thermal transient test equipment is a unique equipment for performing thermal
measurements on semiconductor devices like ICs, transistors, diodes, etc. The thermal
transient test equipment is most suitable for analyzing their thermal behavior, evaluating
packages and device mounting, and detecting defects. This equipment is a computer-controlled
equipment that can be used along with a PC hosting a special control and evaluation software.
This equipment as a mandatory part of configuration can apply programmed thermal excitations
and record complex thermal responses and provides built-in results evaluation procedures.
Results of these post-processing procedures include the pulse thermal resistance diagram,
time-constant spectrum, complex locus of the thermal impedance, differential and integral
structure or profile function (Annex B).

6.2 Test equipment

The thermal transient measurements can be performed using a commercially available test
equipment and specifically built test fixtures (Annex C). The test sample is mounted on the
temperature-controlled heat sink. The heat sink is maintained at a temperature of 25 °C and
controlled by a Keithley temperature controller. Initially, a junction-to-case thermal equilibrium
is ensured by applying a drive current (/4;,,) for a sufficiently long duration; then the /e is

switched off and a small sense current (/gg,5c) iS applied. When the system shifts to its new
thermal equilibrium, the cooling down of the junction is measured.

From the transient time curves, the duration of cooling down can be taken to be how long the
heating current /4, Needs to be applied to load the thermal capacities. The same time must

be measured applying /5.,c t0 resolve the thermal path downstream to the respective capacity.

One approach to determine the required measurement time is to modify the thermal interface
between the heat sink and the module. The time value at which the curve with the best possible
thermal interface and one with a bad thermal interface separate is approximately the
appropriate time duration for Iy, and Igonse When the thermal path upstream of the varied

thermal interface is to be investigated. One can stepwise shorten the heat-up and cool-down
time afterward and observe at what setting, and at which time, values change in the logarithmic
time-derived curve. The shortest time for which the deviation of the time curves is still within
the signal-to-noise range of the curve with long heating and cooling times is still acceptable.
The thermal response at initial ‘0’ cycles and after 'n' cycles was measured. The measurement
time of 40 s is unnecessarily long. For the second test run with test samples B, the
measurement time was reduced to 5 s. In principle, this allowed us to reduce the heating up
and cooling down time further to 0,5 s, because data later than 300 ms are not included for data
analysis. The shape of the transient signal does not change when the cycle of heating up and
cooling down times is shortened. In this experiment, the thermal tape (thermal conductivity:
6,5 W/mK) with the thickness of 500 ym is used. Thermal tape as a thermal interface material
is used for separating the interface of the test sample through the comparison of thermal
transient characteristics depending on whether or not the test sample has thermal interface
material.
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b/ /2

Key
1 Heat source (1 W)
SAC305 solder (T: 200 ym)

2

3 Electrode layer (T: 35 ym)
4 Dielectric layer (T: 500 ym)
5

Thermal interface material (T: 500 ym)

6 Thermostat

NOTE The thermostat is the temperature-controlled system (Annex D). The thermostat has the thermocouples
inside system.

Figure 3 — Test structure for measuring thermal resistance

6.3 Test procedure
The test sequences to test the thermal resistance of an assembly are as follows:

1) cleaning the contamination on the thermostat;
2) firstly, attaching the test sample on the thermostat without the thermal interface material;
3) testing the thermal transient characteristics of the test sample by biasing the power;

e driving current (Z4;iye): 1 500 mA
e sensor current (Igg,ge) for test: 10 mA

o total power: 4,548 W

e TIM: thermal pad (thickness: 500 um)

o temperature coefficient: =1,272 mV/°C
4) repeat the sequence 1);
5) secondly, attaching the test sample on the thermostat by using thermal interface material;
6) testing the thermal transient characteristics of the test sample by biasing the power;

7) comparing the thermal transient characteristics of the test sample depending on with or
without the thermal interface material;

8) extracting the thermal resistance value of an assembly with test results.
7 Test result

From the cumulative structure function of the thermal transient characteristics, after converting
to the cumulative structure function because it is eased to look for the separation point, the
thermal resistance value is extracted by looking for the separated point from the measurement
excel sheet instead of the visible graph (see Figure 4 and Table 1). Detailed information can be
found in JESD-51-14(Published: Nov 2010), clause 4, Junction-to-Case Thermal Resistance
Measurement (Test Method).
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T3Ster Master: cumulative structure function(s)

108 T T T T T
— #2_TIM-Ch.0
— #2 DRY-Ch.0
10000 | i
— With TIM
100 .
3 ——— Without TIM
n
= 1t -
£
(&)
0,01 i
Thermal resistance of an assembly
1074 A
-6 1 1 1 1 1
10 0 2 4 6 8 10 12

Rth [K/W] 12 2
IEC

Key
1 The measured of thermal resistance of an assembly
2 The measured thermal resistance of assembly without TIM

3 The measured thermal resistance of assembly with TIM

NOTE C,, is thermal capacitance and K is temperature (Kelvin).

Figure 4 — Test result for thermal resistance of an assembly

In order to extract value for thermal resistance of assembly, the separated value from the
measurement results, depending on with TIM and without TIM, should be looked for.

Table 1 — Test result for thermal resistance of an assembly

Total thermal resistance

Total thermal resistance

Thermal resistance of

(without TIM) (with TIM) an assembly
KIW KIW KIW
10,86 9,68 9,2

8 Report

This test report shall include:

a) structure of the test specimen;

b) thermal tape used as TIM;

c) the used power sources;

d) the date of the test;

e) the room temperature under which the test was conducted;

f) the test sequences;

g) the graph of the cumulative structure function;

h) the total thermal resistance of the test specimen with or without TIM;

i) the thermal resistance of an assembly.
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The result value of an assembly separated differently from the measurement results, depending
on the presence or absence of TIM, is defined as the thermal resistance and assembly. Detailed
information can be found in JESD-51-14 (Published: Nov 2010), clause 4, Junction-to-Case
Thermal Resistance Measurement (Test Method).
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