
 

  

 

Reference number
ISO/TTA 4:2002(E)

© ISO 2002
 

 

 

TECHNOLOGY 
TRENDS 
ASSESSMENT 

ISO/TTA 4

First edition
2002-11-15

Measurement of thermal conductivity of 
thin films on silicon substrates 

Mesurage de la conductivité thermique des films minces sur substrat de 
silicium 

 

Copyright International Organization for Standardization 
Provided by IHS under license with ISO

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: TTA 4-2002

http://www.avadocuments.com/doc/tta-4-2002
http://www.avadocuments.com/doc/tta-4-2002


ISO/TTA 4:2002(E) 

PDF disclaimer 
This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but 
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In 
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat 
accepts no liability in this area. 

Adobe is a trademark of Adobe Systems Incorporated. 

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation 
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In 
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below. 

 

©   ISO 2002 
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, 
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or 
ISO's member body in the country of the requester. 

ISO copyright office 
Case postale 56 • CH-1211 Geneva 20 
Tel.  + 41 22 749 01 11 
Fax  + 41 22 749 09 47 
E-mail  copyright@iso.org 
Web  www.iso.org 

Published in Switzerland 
 

ii  © ISO 2002 – All rights reserved
 

 

Copyright International Organization for Standardization 
Provided by IHS under license with ISO

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,`,-`-`,,`,,`,`,,`---

Full document details: TTA 4-2002

http://www.avadocuments.com/doc/tta-4-2002
http://www.avadocuments.com/doc/tta-4-2002


ISO/TTA 4:2002(E) 

© ISO 2002 – All rights reserved  iii
 

Contents 

Foreword............................................................................................................................................................ iv 
Introduction ........................................................................................................................................................ v 
1 Scope...................................................................................................................................................... 1 
2 Symbols ................................................................................................................................................. 1 
3 Specimen preparation and characterization ......................................................................................2 
4 Measurement apparatus....................................................................................................................... 5 
5 Measurement procedure ...................................................................................................................... 5 
6 Calculations........................................................................................................................................... 7 
7 Uncertainty ............................................................................................................................................ 8 
8 Test report ............................................................................................................................................. 8 
Annex A Computer programs......................................................................................................................... 10 
Annex B Various methods of measuring thin-film thermal conductivity................................................... 14 
Bibliography ..................................................................................................................................................... 19 
 

Copyright International Organization for Standardization 
Provided by IHS under license with ISO

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: TTA 4-2002

http://www.avadocuments.com/doc/tta-4-2002
http://www.avadocuments.com/doc/tta-4-2002


ISO/TTA 4:2002(E) 

iv  © ISO 2002 – All rights reserved
 

Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

To respond to the need for global collaboration on standardization questions at early stages of technological 
innovation, the ISO CounciI, following recommendations of the ISO/IEC Presidents' Advisory Board on 
Technological Trends, decided to establish a new series of ISO publications named “Technology Trends 
Assessments” (ISO/TTA). These publications are the results of either direct cooperation with 
prestandardization organizations or ad hoc Workshops of experts concerned with standardization needs and 
trends in emerging fields. 

Technology Trends Assessments are thus the result of prestandardization work or research. As a condition of 
publication by ISO, ISO/TTAs shall not conflict with existing International Standards or draft International 
Standards (DIS), but shall contain information that would normally form the basis of standardization. ISO has 
decided to publish such documents to promote the harmonization of the objectives of ongoing 
prestandardization work with those of new initiatives in the Research and Development environment. It is 
intended that these publications will contribute towards rationalization of technological choice prior to market 
entry. Whilst ISO/TTAs are not Standards, it is intended that they will be able to be used as a basis for 
standards development in the future by the various existing standards agencies. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. 

VAMAS, the Versailles project on Advanced Materials and Standards, was formed in 1982 at the Economic 
Summit of the G7 Heads of State as a way to support world trade in products dependent on advanced 
materials technologies by providing the technical basis for harmonized measurements, testing, specifications, 
and standards. Through its technical programmes, VAMAS emphasizes international collaborative pre-
standards measurement research in support of development of national and international standards by 
standards development organizations such as ISO. 

ISO/TTA 4 was prepared by VAMAS and published under a memorandum of understanding concluded 
between ISO and VAMAS. 
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Introduction 

The purpose of this document is to propose a standard procedure for measuring the thermal conductivity of 
insulating thin films on silicon substrates. Based on a recent interlaboratory comparison, a recommendation is 
made for the adoption of the three-omega method as a standard measurement method. A procedure for the 
three-omega method is proposed for measuring the thermal conductivity of a thin, electrically insulating film, 
on a substrate having a thermal conductivity significantly greater than the thermal conductivity of the film. 
Annex B contains a review of several measurement methods that have been used to measure the thermal 
conductivity of such films (see reference [1]). 
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Measurement of thermal conductivity of thin films on silicon 
substrates 

1 Scope 

1.1   A standard procedure for the three-omega method is proposed for measuring the thermal conductivity of 
a thin, electrically insulating film, on a substrate having a thermal conductivity significantly greater than the 
thermal conductivity of the film. This method is applicable to a film on a silicon substrate with the following 
characteristics: 

a) the film is electrically insulating; 

b) the film has a thermal conductivity that is less than one tenth the thermal conductivity of silicon; 

c) the film is uniform in thickness and the thickness lies in the range 0,25 µm to 1 µm; 

d) the maximum dimensions of the film are limited by the sizes of the preparation and measurement 
apparatus; 

e) the minimum dimensions of the film are limited by the minimum size of the circuit element that can be 
placed on the film surface. 

NOTE A specimen approximately 15 mm by 25 mm is of an appropriate size although specimens as small as 
10 mm × 10 mm are usable. 

1.2   The method is directly applicable to films of silicon dioxide on silicon wafer substrates. 

1.3   The method may be applicable to insulating films on other high-thermal conductivity substrates provided 
that the parameters of the substrate material are substituted for the parameters of silicon used in this method 
and the associated computer program. 

1.4   The method is applicable to measurements near room temperature. 

2 Symbols 

See Figure 1. 

f frequency of excitation voltage 

ω  angular frequency of excitation voltage = 2 π f 

Λ thermal conductivity of substrate 

Λf thermal conductivity of film 

w width of specimen resistor 

t film thickness 

L length of specimen resistor 

V0 excitation voltage at ω  

V voltage at ω  across the specimen 

R mean resistance of the specimen 
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∆R variation at 2ω  of the specimen resistance  

VOS voltage at ω  across offset resistor 

ROS resistance of offset resistor 

VCAL voltage at ω  across calibration resistor 

RCAL resistance of calibration resistor = 10 Ω 

V3ω  voltage at 3ω  across specimen 

TSP temperature setting 

T mean temperature of the specimen, also known as the measurement temperature 

∆T temperature variation of specimen at 2ω  

∆Tb bare substrate thermal signal 

I electrical current at ω  = V0/(R + RREF + RCAL) 

P power dissipated in specimen resistor = I2R 

dR/dT temperature coefficient of resistance 

 
Figure 1 — Nomenclature 

3 Specimen preparation and characterization 

3.1 Apparatus 

3.1.1   Photomask, a mask for photolithography used in manufacture of integrated electronic circuits. See 
Figure 2 for the recommended configuration. It is recommended that the photomask contain several 
duplicates of the desired circuit elements in case a deposited element is not usable. 

3.1.2   Clean room. 

3.1.3   Spin coater. 

3.1.4   Cleaning solution. 

3.1.5   Deionized water. 
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