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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
Nanomanufacturing - Key control characteristics -  

Part 6-26: Graphene-related products - Fracture strain and stress,  
Young's modulus, residual strain and residual stress: bulge test 

 
FOREWORD 

1) 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. 

2) 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.  

3) 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. 

4) 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.  

5) 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. 

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

7) 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.  

8) 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. 

9) 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 TS 62607-6-26 has been prepared by IEC technical committee 113: Nanotechnology for 
electrotechnical products and systems. It is a Technical Specification. 

The text of this Technical Specification is based on the following documents: 

Draft Report on voting 

113/924/DTS 113/939/RVDTS 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this Technical Specification is English. 
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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 of the IEC TS 62607 series, published under the general title 
Nanomanufacturing - Key control characteristics, 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  

– reconfirmed, 
– withdrawn, or 
– revised. 

 

  

https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
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INTRODUCTION 

When the characteristic dimensions of materials are reduced to the nanoscale regime, their 
mechanical properties exhibit significant changes compared to their bulk counterparts. These 
changes include enhancements in elasticity, residual strain, and fracture resistance, which are 
critical for reliable and high-performance nanoscale devices. Low-dimensional materials, such 
as graphene and nanometre-thick films, have gained widespread attention because of their 
exceptional thermal, optical, electrical, and mechanical properties. These unique characteristics 
make them indispensable in the development of advanced nanoscale technologies. 

The mechanical properties of two-dimensional (2D) materials, such as Young's modulus (or 
elastic modulus), residual strain, residual stress, and fracture stress, are essential for their 
integration into diverse applications. As shown in Figure 1, these properties are utilized in 
several applications. These include 

a) strain sensors for precise mechanical deformation detection, 
b) energy harvesting devices using piezoelectric effects to convert mechanical to electrical 

energy, 
c) vibrational acoustic applications supporting sound generation or absorption, and 
d) pellicle membranes for EUV lithography that maintain structural stability under high thermal 

and mechanical stresses during device operation [1]1, [2], [3], [4], [5]. 

These applications highlight the versatility of mechanical properties in enabling innovative 
engineering solutions at the nanoscale. 

 

Figure 1 – Applications of mechanical properties to electrical devices 

___________ 
1  Numbers in square brackets refer to the Bibliography. 
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Figure 2 – Various measurement methods to evaluate mechanical properties 
of 2D and thin films 

Accurate characterization of the mechanical properties of 2D materials and thin films is 
essential for their effective use in applications. However, conventional methods face significant 
challenges. For example, (i) substrate interference often affects techniques like nano-
indentation or wafer curvature, making it difficult to isolate the intrinsic material properties, and 
(ii) sample preparation complexity limits the applicability of methods such as micro-tensile tests 
and microbeam bending. To overcome these limitations, it is important to adopt methods 
designed specifically for freestanding films, which can provide more accurate and reproducible 
results. 

Figure 2 presents the various techniques used for evaluating the mechanical properties of 2D 
materials and thin films. These techniques include 

– nano-indentation, suitable for localized measurements but limited by its focus area, 
– wafer curvature, effective for measuring residual stress but influenced by the substrate, 
– microbeam bending and micro-tensile tests, useful in specific cases but requiring labour-

intensive preparation, and 
– bulge test, a reliable method for freestanding films, which measures Young's modulus (or 

elastic modulus), residual strain, residual stress, and fracture stress under well-controlled 
conditions.  

Among these, the bulge test stands out for its practicality and scalability, enabling the 
characterization of large areas of freestanding films without substrate interference. 
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1 Scope 

This part of IEC TS 62607 establishes a standardized method to determine the mechanical key 
control characteristics (KCCs) 

– Young's modulus (or elastic modulus), 
– residual strain, 
– residual stress, and 
– fracture stress 

of 2D materials and nanoscale films using the 

– bulge test. 

The bulge test is a reliable method where a pressure differential is applied to a freestanding 
film, and the resulting deformation is measured to derive the mechanical properties. 

– This method is applicable to a wide range of freestanding 2D materials, such as graphene, 
and nanometre-thick films with thicknesses typically ranging from 1 nm to several hundred 
nanometres. 

– This document ensures the characterization of mechanical properties essential for 
assessing the structural integrity and performance of materials in applications such as 
composite additives, flexible electronics, and energy harvesting devices. 

2 Normative references 

There are no normative references in this document. 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

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

– IEC Electropedia: available at https://www.electropedia.org/ 
– ISO Online browsing platform: available at https://www.iso.org/obp 

3.1 General terms  

3.1.1  
key control characteristic 
KCC 
key performance indicator 
material property or intermediate product characteristic which can affect safety or compliance 
with regulations, fit, function, performance, quality, reliability or subsequent processing of the 
final product 

Note 1 to entry: The measurement of a key control characteristic is described in a standardized measurement 
procedure with known accuracy and precision. 

Note 2 to entry: It is possible to define more than one measurement method for a key control characteristic if the 
correlation of the results is well-defined and known. 

[SOURCE: IEC TS 62565-1:2023, 3.1, modified – "material property or intermediate" has been 
added at the start of the definition.] 

https://www.electropedia.org/
https://www.iso.org/obp
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