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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
SEMICONDUCTOR DEVICES –  

MICRO-ELECTROMECHANICAL DEVICES –  
 

Part 13: Bend - and shear - type test methods  
of measuring adhesive strength for MEMS structures 

 
 

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 62047-13 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/109/FDIS 47F/119/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 13: Bend - and shear - type test methods  

of measuring adhesive strength for MEMS structures 
 
 
 

1 Scope 

This part of IEC 62047 specifies the adhesive testing method between micro-sized elements 
and a substrate using the columnar shape of the specimens. This international standard can 
be applied to adhesive strength measurement of microstructures, prepared on a substrate, 
with width and thickness of 1 µm to 1 mm, respectively.  

Micro-sized elements of MEMS devices are made up of laminated fine pattern films on a 
substrate, which are fabricated by deposition, plating, and/or coating with photolithography. 
MEMS devices include a large number of interfaces between dissimilar materials, at which 
delamination occasionally occurs during fabrication or in operation. Combination of the 
materials at the junction determines the adhesive strength; moreover, defects and residual 
stress in the vicinity of the interface, which are changing by processing condition, strongly 
affect the adhesive strength. This standard specifies the adhesive testing method for micro-
sized-elements in order to optimally select materials and processing conditions for MEMS 
devices. 

This standard does not particularly restrict test piece material, test piece size and 
performance of the measuring device, since the materials and size of MEMS device 
components range widely and testing machine for micro-sized materials has not been 
generalized. 

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 62047-2:2006, Semiconductor devices – Micro-electromechanical devices – Part 2: 
Tensile testing method of thin film materials 

3 Terms and definitions  

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

3.1  
adhesive bend strength 
nominal strength at failure on adhesive joint area by bending mode 

3.2  
adhesive shear strength 
nominal strength at failure on adhesive joint area by shear mode 
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Key    

 Configurations or specimen  Dimensions of specimen 

1 Top view D diameter of columnar test piece 

2 Side view lc length of columnar test piece 

3 Column type test piece lc/D aspect ratio of columnar test piece 

4 Substrate Τ thickness of substrate 

  S spacing between columnar test pieces 

Figure 1 – Columnar test pieces 

4 Test method 

4.1 General 

This standard specifies the adhesive testing methods between a columnar test piece (see 
Figure 1) and substrate. Displacement or force is applied to a columnar test piece at a 
constant speed and the force at delamination is measured to analyze the adhesive strength 
between the columnar test piece and substrate. A knife edge shape with tapered tip is utilized 
as the loading tool to apply the force to a columnar test piece. The angle of the knife edge is 
changed by loading types of measuring adhesive strength as follows. 

In case of measuring adhesive bend strength by applying bending force at the end of a 
columnar test piece (bend type test), the knife edge of loading tool is used by slanting its apex 
in the upper direction against the test piece as shown in Figure 2 a). In such a case, it is 
easier to align the loading tool and a test piece since point load is applied at the end of the 
columnar test piece. Attention should be drawn to the fact that the bend type test is not pure 
bending, which includes compression component to the columnar root. The compression 
component increases by increasing the contact angle of the knife edge. In order to minimize 
the effect of compression component, the contact angle of the knife edge (θb) should be 
within a range of from 10° to 20°. 
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In case of measuring adhesive shear strength by applying shear force on the lateral face of a 
columnar test piece (shear type test), line load is applied to the test piece using a loading tool 
which is parallel to the lateral face of the cylinder as shown in Figure 2 b). In such a case, the 
test apparatus should have a precise alignment system, which can align the knife edge 
parallel to the lateral face of the cylinder. Or alternatively, the knife edge of loading tool is 
used by slanting its apex in lower direction against the test piece as shown in Figure 2 b) to 
minimize the effects of bend stress (see Clause A.2).The angle error (θs) should be within a 
range of from 0° to 15°. It should be noted that the test results from the bend type test are 
affected by the aspect ratio (lc/D), when the aspect ratio is less than 1,2. See Clause A.2. In 
addition, the columnar test piece with the aspect ratio of less than 0,5 should not be applied in 
the bend type test; because the effects of the aspect ratio on the shear and the compression 
stress on the adhesive joint area significantly increase when the aspect ratio decreases. See 
Clause A.2 and Clause A.3. 
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Figure 2a – Bend type test                                                         Figure 2b – Shear type test 

NOTE This figure illustrates two types of the test method for measuring adhesive strength between a columnar 
test piece and substrate.  

Key    

 Configurations or specimen  Supply and dimensions of specimen 

1 Columnar test piece F loading force supplied by a kind of actuator 

2 Substrate lp distance between the loading position and substrate 

3 Knife edge of loading tool lt distance between the tip of the loading tool and 
substrate 

  θb angle between the lateral face of a columnar test piece 
and contact face of knife edge for bend type test 

  θs angle between the lateral face of a columnar test piece 
and contact face of knife edge for shear type test 

Figure 2 – Adhesive strength test method 

4.2 Data analysis 

In adhesive strength test by bend loading, adhesive bend strength is calculated by the 
following Equation (1). 

 3
max

3
max 3232

D
lF

D
lF

Z
M cpa

a pp
σ ===  (1) 

where 
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σa is the adhesive bend strength; 
Z is the section modulus of a columnar test piece; 
Ma is the bend moment at delamination; 
Fmax is the maximum load at delamination; 
lp  is the loading point from the root of a columnar test piece. 

In adhesive strength test by shear loading, adhesive shear strength is calculated by the 
following Equation (2).  

 2
maxmax 4

D
F

A
F

a π
τ ==  (2) 

where 

τa is the adhesive bend strength; 
A is the adhesive joint area between a columnar test piece and substrate; 
Fmax is the maximum load at delamination. 

In the bend type test, it is required to be attentive to the possibility of exfoliation due to shear 
force if the aspect ratio (lc/D) of the columnar test piece is less than 1,2. See 4.1 and Clause 
A.2. 

5 Test equipment 

5.1 General 

The test equipment shall be capable of applying microscopic displacement or micro-level 
force to the test piece. The test equipment consists of an actuator for applying displacement, 
a sensor for force measurement, a controller applying displacement or force at a constant 
speed, an alignment system between the test piece and the loading tool, and a recorder for 
detecting the load at delamination.  

5.2 Actuator 

Displacement or force should be linearly applied along the loading axis of the test piece at a 
constant speed. Thus, the actuator shall be capable of linearly applying displacement or force 
at a constant speed. 

5.3 Force measurement sensor 

Load cell with enough resolution, which guarantees 5 % accuracy of the measured adhesive 
strength shall be used for the force measurement. The force sensor shall be set to measure 
the force to the loading direction. The knife edge of the loading tool shall be located within the 
effective measuring area of the force sensor. See Figure 3. 

5.4 Alignment system 

The alignment system shall be capable of aligning the test piece and loading tool in the 
proper position to apply displacement or force in the correct direction (see 7.3).  

5.5 Recorder 

The test equipment shall include a recorder for detecting the force at delamination. 
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6 Test pieces 

6.1 Design of test pieces 

The test piece should satisfy the following two items: 

a) It is recommended that the dimensions of a test piece, such as the columnar diameter and 
length,, are in the same order as the size of parts of a device to be evaluated; 

b) Every gap between the test pieces (S) should provide more than twice compared with both 
the diameter of columnar test piece (D) and the length of test piece (lc) to prevent each 
piece from having an influence on the test of adjacent test piece (see Figure 1). In 
addition, the gap (S) should be sufficiently larger than the width of the knife edge tip of the 
loading tool (lk) to avoid loading two columnar test pieces at the same time. See Figures 1 
and 3.  

6.2 Preparation of test pieces 

A number of columnar test pieces with the same manufacturing process and conditions are 
obtained, since a plurality of columnar test pieces are prepared on the same substrate. 

The test pieces should satisfy the following two items: 

a) Test pieces should be prepared on a substrate through an almost identical manufacturing 
process and under the same manufacturing conditions as those applied when fabricating 
the thin film of the device to be evaluated; 

b) More than ten columnar test pieces should be prepared on the same substrate at the 
same time. Then, adhesive testing should be performed using more than ten columnar 
test pieces under the same testing conditions (see Clause A.1). 

7 Test conditions 

7.1 Method for gripping 

Substrate of test pieces shall be fixed according to the following two items: 

a) Substrate of test pieces shall be fixed at test device ensuring not to move during adhesive 
strength test. Clauses A.2 and A.3 of IEC 62047-2:2006 shall apply; 

b) Substrate of test pieces shall be fixed such as the loading direction of the test device is 
parallel with the substrate surface. See 7.3. 

7.2 Speed of testing 

Displacement speed or loading speed should be constant. As the speed of testing will depend 
upon the testing environment, the type of testing machine employed and the stiffness of the 
test piece, the speed shall be the one which is more suitable for the particular combination of 
environment, material, test piece, and testing machine. Generally, the speed of testing should 
be chosen properly depending on the application of the materials.  

7.3 Alignment of test piece  

The alignment of the test piece shall satisfy the following item: 

a) The surface of the test piece substrate shall be parallel to the axis of loading direction 
within 3° accuracy. See Figure 3 a) ; 

In addition, the alignment of loading equipment and substrate should satisfy the following 
three items:  

b) Contact surface of the loading knife edge shall be normal to the plane including loading 
axis and normal of a test piece substrate. See Figure 3 b); 
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c) In the case of the bend type test, the distance between the loading tool and the substrate, 
lt should be larger than 10 % of the columnar length (lc) to avoid contact between each 
other. See Figure 2 a); 

d) In the case of the shear type test, the tip of loading tool should be kept at a distance (lt) 
from the substrate to avoid contact between each other. lt should be within a range of 
10 % of the columnar diameter (D), provided that D is 10 µm and larger. lt should be 
within 1 µm, provided that D is less than10 µm. See Figure 2 b). 
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Figure 3a – Side view of columnar test 

piece and loading tool Figure 3b – Cross-section of A-A’ 

Key    

 Configurations or specimen  Direction or plane for alignment 

1 Columnar test piece 5 Loading axis (loading direction) 

2 Test piece substrate 6 Surface of test piece substrate 

3 Loading tool 7 Contact surface of the loading knife edge  

4 Load cell 8 Plane including loading axis and normal of a 
test piece substrate 

lk width of the knife edge tip   

Figure 3 – Alignment between columnar test piece and loading tool 

7.4 Test environment 

As the environment greatly affects the adhesive properties of micro-materials, the test 
temperature and humidity should be controlled within ± 1 °C and ± 5 %, respectively. 

8 Test report 

Test reports shall include at least the following: 

a) reference to this standard, i.e. IEC 62047-13; 
b) materials of the columnar test piece and substrate; 
c) dimensions of the columnar test piece and substrate as well as spacing between adjacent 

columnar test piece; 
d) preparation method of test piece and the details; 
e) test conditions such as test device and test loading condition; 
f) test environment such as temperature and humidity; 
g) measurement results and calculated adhesive strength. 
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