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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
SEMICONDUCTOR DEVICES –  

MICRO-ELECTROMECHANICAL DEVICES –  
 

Part 14: Forming limit measuring method  
of metallic film materials 

 
 

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

International Standard IEC 62047-14 has been prepared by subcommittee 47F: Micro-
electromechanical systems, of IEC technical committee 47: Semiconductor devices. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

47F/108/FDIS 47F/118/RVD 

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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A list of all parts of IEC 62047 series, published under the general title Semiconductor 
devices – Micro-electromechanical devices, can be found on the IEC website. 

The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 
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SEMICONDUCTOR DEVICES –  
MICRO-ELECTROMECHANICAL DEVICES –  

 
Part 14: Forming limit measuring method  

of metallic film materials 
 
 
 

1 Scope 

This part of IEC 62047 describes definitions and procedures for measuring the forming limit of 
metallic film materials with a thickness range from 0,5 µm to 300 µm. The metallic film 
materials described herein are typically used in electric components, MEMS and micro-
devices. 

When metallic film materials used in MEMS (see 2.1.2 of IEC 62047-1:2005) are fabricated by 
a forming process such as imprinting, it is necessary to predict the material failure in order to 
increase the reliability of the components. Through this prediction, the effectiveness of 
manufacturing MEMS components by a forming process can also be improved, because the 
period of developing a product can be reduced and manufacturing costs can thus be 
decreased. This standard presents one of the prediction methods for material failure in 
imprinting process. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 62047-1:2005, Semiconductor devices – Micro-electromechanical devices – Part 1: 
Terms and definitions 

3 Terms, definitions and symbols 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 62047-1 and the 
following apply. 

3.1.1  
circular grid 
grid used for measuring the localized deformation of the specimens within the circle  

3.1.2  
grid patterns 
pattern marked on the surface of the testing material permitting immediate and direct 
measurement of the formability for the metallic film materials  

Note 1 to entry The grid consists of a pattern of small circles or rectangles. 

3.1.3  
major axis 
longest line of the deformed elliptical shape, which passes through both focuses of the ellipse 
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3.1.4  
minor axis 
longest line of the deformed elliptical shape, which is perpendicular to the major axis 

3.1.5  
square grid 
grid used for measuring the overall deformation of the testing material 

3.2 Symbols 

For the purpose of this document, letter symbols given in Table 1 are used. 

Table 1 – List of letter symbols 

Name and designation Letter symbol 

Grid size 

– initial diameter of the grid before deformation 

– diameter of the grid along the major axis after deformation 

– diameter of the grid along the minor axis after deformation 

 

d0 

d1 

d2 

Strain 

– major strain 

– minor strain 

 

1ε  

2ε  

Equipment, tool and specimen size 

– diameter of the hemispherical punch 

– inner diameter of the die hole 

– diameter of the bead ring 

– fillet radius of the upper die edge 

– thickness of the testing specimen 

– height of the testing specimen 

– width of the testing specimen 

 

Dpunch  

Ddie  

Dbead  

rde 

t 

h 

w 

 

4 Testing method 

4.1 General  

The forming limit diagram (FLD) is determined by pressing the micro film material using a 
hemispherical punch. This pressing process is performed until the film material fractures. The 
major and minor strains of a deformed specimen can be measured in many ways, for example, 
by using a digital camera module or an optical device. However, using a digital camera 
module with sufficient resolution and a high magnifying power lens is recommended. 

NOTE See Annex A for principles of forming limit diagram. 

4.2 Equipment 

Micro press equipment is utilized as the loading equipment for FLD tests as described in 
Figure 1. A hemispherical punch is attached to the micro press to stretch the film material to 
measure the forming limits of the specimen. Conventional hard chrome coating to the punch 
surface using hexavalent chromium is recommended to guarantee a surface roughness less 
than 0,8 µm (RMS: Root Mean Square). In addition, lubricants such as graphite can be 
applied for reducing the friction force between the surfaces of the punch and the specimen. 
The movement of the punch is controlled by a constant crosshead speed of the measuring 
devices in the micro press. The punch speed shall be lowered to the quasi-static condition. A 
punch speed of less than 20 µm/s is recommended in order not to result in the dynamic inertia 
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effect during the test. Although the dimension of the hemispherical punch and the test 
samples can be varied with forming product and inspected measuring region, it is 
recommended that the dimension should be determined as the following ratio. 

 Ddie = Dpunch + 2,5t (1) 

 Dbead = 2 × Dpunch (2) 

It is also recommended that the hemispherical punch diameter and the die edge radius should 
be 5 mm and 0,5 mm respectively. 

 

Dpunch

Ddie

rde

Dbead

3

1

2

3

1

2

4
 

Key  
1 upper die  
2 lower die  
3 specimen  
4 hemispherical punch  

Figure 1 – Equipment and tools for forming limit tests 

 

4.3 Specimen 

Rectangular specimens with different aspect ratios shall be used in the test. At least six kinds 
of specimens with the aspect ratios of 1,0, 1,5, 1,75, 2,0, 3,5 and 7,0 are recommended as 
shown in Figure 2 in order to cover the various loading paths on the domain of the forming 
limit diagram.  

 h = 2,5 × Dpunch (3) 

 

 

Dbead 

Ddie 

rde 1 

3 

2 

Dpunch 

4 

2 

3 

1 

IEC   200/12 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62047-14:2012
https://standards.iteh.ai/catalog/standards/sist/f9aace9d-d6c3-497c-82e5-

c7b74448bd2e/iec-62047-14-2012



 – 8 – 62047-14 © IEC:2012 

 

 

 

 

 

Figure 2 – Rectangular specimens with six kinds of aspect ratio 

Grids shall be marked to the surface of the testing sample to measure the localized and 
overall deformation of the film material. The grid consists of a pattern of small circles or 
rectangles. It is recommended to arrange the grid patterns with an interval range from 50 µm 
to 200 µm and that the thickness of the grid is less than 10 % of the specimen thickness. 

NOTE See Figure A.3 for detailed grid pattern. 

5 Test procedure and analysis 

5.1 Test procedure 

In a FLD test, the following items from a) to e) are steps to obtain a localized fracture of a 
specimen which is firstly observed. Then the values of a major strain and a minor strain which 
are used to quantify the deformation of the specimen will be measured. 

a) Preparation of the specimen 
Specimens with different aspect ratios are prepared to conduct the test.  

NOTE 1 Both the positive and negative region of the FLD curve can be obtained by varying the aspect ratio of 
the specimen and the lubricant. 

b) Grid marking on the specimen 
Appropriate marking conditions which have a lesser effect on the microstructure and the 
properties of materials should be applied in the grid marking since the thickness of the film 
is relatively smaller. 

NOTE 2 See Annex B for detail expression of several grid marking methods. 

c) Gripping the specimen 
In order to measure the strain only in the testing region, it is important that the sample 
should be clamped without any sliding. Also, pre-fracture should not occur when it is being 
clamped. 

NOTE 3 See Annex C for several recommended gripping methods. 

d) Moving the punch until the specimen fails 
The hemispherical punch moves by controlling the constant crosshead speed of 
equipment until the localized fracture of the specimen is first observed.  

e) Measuring the major and minor strains of deformed specimen 
Major and minor strains of the deformed specimen are measured representatively using 
the digital camera module with a high magnifying power lens. The recommended 
magnification factor of the camera lens is less than 5 µm/pixel in order to measure the 
strain precisely. 

NOTE 4 See Annex D for strain measuring method. 

f) Construct the FLD by plotting the measured major and minor strains (refer to Figure 4). 

Aspect ratio =  
Specimen height (h) 
Specimen width (w) 

1 1,5 1,75 2 3,5 7 

h 

w 
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5.2 Data analysis 

In order to quantify the deformation of the specimen, two kinds of strains – major and minor 
strains – are measured between the initial state of the circle and the deformed elliptical shape. 
After the circular grid deforms, the longest dimensions of the ellipse is major axis and the 
dimension perpendicular to the major axis is the minor axis, as explained in Figure 3. 

 

Figure 3 – Strain for forming limit measurement 

The major strain, ε1, and the minor strain, ε2, are calculated with following equations: 

 0

1
1 ln

d
d

=ε
 

(4)
 

 0

2
2 ln

d
d

=ε
 

(5)
 

Here, d0 is the initial diameter of the circular grid while d1 and d2 represent the major and the 
minor diameters of the grid after deformation.  

0
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1

2

3

3
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3

2
2

2

2
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Key  
1 fracture  
2 good  
3 failure  

Figure 4 – Construct the forming limit diagram  
by plotting the major and minor strains 

Minor Axis

Major Axis

Minor axis 

Major axis 

Major strain ε1 (%) 

Minor strain ε2 (%) 
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The major and minor strains calculated from the grids in the neighbourhood of the failure zone 
of the specimen are regarded as critical failure strains. By conducting a series of experiments 
with various specimens, it is possible to find combinations of major strain and minor strain for 
which neither necking nor fracture occurs by plotting on the strain domain. The diagram 
plotting the combinations of major and minor strains is a forming limit diagram as shown in 
Figure 4. 

6 Test report 

The test report should contain at least the following information: 

a) reference to this international standard; 
b) testing material; 
c) grid marking method; 
d) number of specimens used in the test; 
e) dimensions of the specimen(s); 
f) description of testing apparatus (punch diameter, gripping method, punch roughness, 

etc.); 
g) lubrication condition; 
h) crosshead speed of testing apparatus; 
i) strain measurement module: specification of the digital camera, scale factor of each pixel; 
j) measured diameters and calculated strains of each specimen; 
k) forming limit diagram. 
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