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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
SEMICONDUCTOR DEVICES –  

MICRO-ELECTROMECHANICAL DEVICES 
 

Part 27: Bond strength test for glass frit bonded  
structures using micro-chevron-tests (MCT) 

 
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 62047-27 has been prepared by subcommittee 47F: 
Microelectromechanical systems, of IEC technical committee 47: Semiconductor devices. 

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

CDV Report on voting 

47F/230A/CDV 47F/259/RVC 

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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A list of all parts in the 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 document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

A bilingual version of this publication may be issued at a later date. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication 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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INTRODUCTION 

MEMS devices, e.g. for automotive applications, have to ensure lifecycles of up to 15 years or 
more. In order to guarantee functionality and reliability of the used interconnection 
technologies, qualified test methods are required for evaluating the quality and strength of the 
bonding interfaces. One of the preferred interconnection technologies for MEMS 
encapsulation is glass frit bonding, using an additional intermediate bond layer. 

The micro-chevron-test is an experimental method to determine the fracture toughness of 
brittle materials or bond interfaces using specifically designed test chips (micro-chevron-
samples) under defined load conditions. It was established for characterizing the strength of 
wafer bonds without additional intermediate bond layers. By analysis of test results from a 
series of tests at the Fraunhofer Institute for Mechanics of Materials and the Fraunhofer 
Institute for Electronic Nano Systems with different geometry and layout of the test-probes, 
the micro-chevron-test was established for the bonding reliability of glass frit bonded devices 
as well. 
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SEMICONDUCTOR DEVICES –  
MICRO-ELECTROMECHANICAL DEVICES 

 
Part 27: Bond strength test for glass frit bonded  

structures using micro-chevron-tests (MCT) 
 
 
 

1 Scope 

This part of IEC 62047 specifies a method for assessing the bond strength of glass frit bonded 
structures using micro-chevron-tests (MCT). It describes suitable sample geometry and 
provides guidance for the design of deviating sample geometries. 

The micro-chevron-test is an experimental method to determine the fracture toughness KIC of 
brittle materials or bond interfaces using specifically designed test chips (micro-chevron-
samples) under defined load conditions (crack opening mode I). Owing to its high precision 
and low variance, it is suitable for analysing the influence of different process parameters on 
bond strength as well as for quality assurance. 

The exemplary setup of the micro-chevron-test is given in Figure 1. 

 

Key 

1 upper glued stud for application of tensile force 

2 micro-chevron-test sample with patterned glass-frit-interface 

3 lower glued stud for application of tensile force 

F applied force 

Figure 1 – Test setup of the micro-chevron-test 
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These operational instructions are applicable for symmetrically glass frit bonded silicon-
silicon-stacks, i.e. the joint upper and lower chip of the chevron sample exhibit identical 
thickness and mechanical properties. 

The method is suitable for test samples, which are either produced directly from individual 
chips in corresponding dimensions, or for integrated samples, which have been singled out 
from processed wafers using suitable methods. 

This document determines preferential dimensions for samples as well as parameters for the 
test conditions. Deviating geometries can potentially influence the viability of the tests as well 
as the comparability of the results. On that score, all parameters are determined and 
documented accurately. 

2 Normative references 

There are no normative references in this document. 

3 Terms, definitions, symbols and abbreviated terms 

3.1 Terms and definitions 

No terms and definitions are listed in this document. 

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

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.2 Symbols and abbreviated terms 

Symbols Unit Descriptions 

ABond mm2 effective bonding surface, represented by the area of the glass frit stripes 

AChevron mm2 area of total chevron geometry 

a0 mm initial crack length 

acrit mm critical crack length 

b mm sample width 

CF  bond area ratio 

tw1,tw2 µm wafer thickness 1-top wafer / 2-bottom wafer 

Fmax N experimentally determined maximum force 

gs mm width of glass frit bond stripes 

KIC MPa m0,5 fracture toughness of bonding interface 

l mm sample length 

v µm/s testing velocity 

ws mm distance between glass frit bond stripes 

Ymin  geometry factor 
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4 Principle 

Strength measurement by means of micro-chevron-testing is based on a mode I crack 
opening within the bonding interlayer. Studs, applied to the surface of the chips, thus transfer 
a tensile load to the specimen in z-direction (see Figure 1). Special requirements are to be 
met when aligning specimens in the test setup in order to avoid additional shear stress within 
the bonding interface, and thus avoiding a mixed mode loading of the bond connection. 

The applied force F leads to an increase of the stress intensity factor KI at the tip of the 
chevron geometry a0. If the stress intensity factor exceeds the fracture toughness, self-
initiation of a defined crack with subsequent crack growth will start in this area. While the 
local stress intensity factor increases with growing crack length, the widening of the crack 
front decreases the stress intensity factor. As a consequence of these two counter-
mechanisms, initially a quasi-stable crack propagation occurs in the brittle material. Hence, 
further crack growth – up to the critical crack length acrit – requires an increase of the 
introduced force up to the maximum value Fmax. As a result of the insetting instable crack 
propagation, the critical failure of the specimen occurs. The critical crack length acrit is solely 
determined by the geometry of the used specimen and can be calculated using finite element 
analysis. An additional measurement based determination of the crack length is unnecessary 
due to the described crack propagation characteristics. 

5 Test setup 

5.1 General 

The test setup should be suitable for transferring small forces and displacements onto glass 
frit bonded specimens. The setup consists of an actuator, allowing the loading of the 
specimen, a load cell for measuring the applied force, a controller for setting a constant 
displacement-controlled loading rate, a positioning system for aligning specimens within the 
experimental setup, and a recording tool to register force and displacement. Besides a special 
test setup, universal test equipment adapted for the purposes of this test may be used. 

5.2 Actuator 

The specimen load requires an actuator, which generates a linear force application at 
constant loading velocity. A displacement rate between 0,5 µm/s and 10 µm/s is 
recommended to determine material characteristics. 

5.3 Force transducers 

The load cell should be able to measure small forces with sufficient accuracy. When using the 
recommended geometry of the specimen, a 20 N load cell with a category of accuracy of 
0,1 % proved adequate. 

5.4 Mounting 

In order to cause a mode I crack opening in the specimen, accurate positioning of the tested 
specimen within the experimental setup is necessary. The mounting system should allow 
rotation around all three axes in order to provide symmetrical loading of the specimens and to 
minimize shear force effects. The points of force application of the specimen, the actuator and 
load cell shall be aligned in one axis. 

5.5 Data acquisition 

A memory unit shall be integrated into the test setup in order to enable a subsequent 
evaluation of the tests. To accurately map the force-displacement curve, even at test speeds 
of 10 µm/s, care shall be taken for a sufficient sampling rate. A sampling rate of at least 10 Hz 
is recommended. 
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6 Specimens 

6.1 Sample design 

Specimens for the determination of fracture toughness shall meet the following requirements. 
The recommended specimen geometry with all associated parameters is given in Figure 2. 

• The geometrical dimensions of the chevron geometry (initial crack lengths a0 and the 
chevron notch angle φ) have to be inspected, i.e. by using infrared transmission or 
scanning acoustic microscopy. Deviations significantly influence the geometry factor and 
lead to inaccuracies within the calculated fracture toughness. Therefore, the geometry 
given in Figure 2 is required. 

• Due to the production process of the glass frit interlayers, for example by means of a 
screen printing process, the chevron geometry shall be structured as stripe shaped. The 
stripes should be kept parallel to the direction of the crack propagation (x-direction in 
Figure 1). 

• The widths of the glass frit stripes gs need to be adapted to the frame widths of the 
equivalent industrial product to ensure the comparability of the strength properties of the 
connection. 

• The distance between the glass frit stripes ws shall be set depending on the stripe width gs 
within the following range: 

 0,5 × gs ≤ ws ≤ 1,5 × gs 

By adapting the distance between the stripes within this range, the maximum measured 
forces can be adjusted to the available test equipment. 

• The stripe structure shall be chosen such that the triangle geometry will be reproduced as 
homogenously as possible. The number of stripes should be uneven to create a 
symmetrical design. 
The thickness of the individual silicon chips tw1 and tw2 directly influences the geometry 
factor of the specimens. The thickness of the two composite chips or wafers should be 
equal (symmetrical design: tw1 = tw2). 
Using asymmetrical specimens tw1 ≠ tw2) will lead to mixed-mode-loading instead of pure 
mode I crack opening. Thus, the determined strength values are not to be compared to 
symmetrical specimens and are reflecting variant failure modes of the bond interfaces. 
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Key 

1 Wafer 1 

2 Wafer 2 

3 Crack front 

Geometrical dimensions 

Parameter Values required Description 

w 10 mm Specimen’s width 

l 10 mm Specimen’s length 

a0 3 mm Initial crack length 

a1 8 mm  

a  Crack length 

acrit mm Critical crack lengths 

φ 90° Chevron angle 

tw1  Thickness silicon wafer 1 – top wafer 

tw2 = tw1 Thickness silicon wafer 2 – bottom wafer 

tS ≤ 0,1 tw1 Thickness of intermediate glass layer 

wS  Distance between glass frit bond strips 

gS  Width of glass frit bond strip 

Figure 2 – Standard geometry design of glass frit specimen 
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6.2 Determination and verification of the specimen geometry 

Specimen dimensions (length, width and thickness) of the chips to be tested shall be 
measured with an accuracy of 0,1 mm. Furthermore, the parameters of the notch geometry 
have to be verified using an appropriate method (e.g. acoustic microscopy, infrared 
microscopy, or fractography after the test). Even slight variations of the geometrical 
parameters have a significant effect on the comparability of the results. 

The influence of the effective bonded area is taken into account by the bond area ratio CF. 
The bond area ratio denotes the proportion of the bond connection in relation to the expanse 
of the whole chevron structure and is given with Equation (1).  ABond represents the area of 
the glass frit stripes and AChevron represents the area of the whole chevron structure. Those 
parameters can be determined additionally by the above-mentioned procedures. 

 
Chevron

Bond
F A

A
C =  (1) 

7 Conduction of the test 

In order to realise the load application onto the specimen, loading elements (studs) are used 
(Figure 3). The studs are applied perpendicularly to the plane of the chip and along the free 
edge in front of the chevron notch (see Figure 1). The elements shall be dimensioned such 
that their thickness is smaller than the initial crack length a0 of the specimen under test, and 
their width corresponds with the width of the micro-chevron-specimen. 

 

 

Geometrical dimensions 

Parameter Recommended 
values Description 

wFE 10 mm width of force initiation elements 

lFE 25 mm lengths of force initiation elements 

tFE 1 mm stud thickness 

dFE 8 mm distance drilling – edge 

dL 4 mm diameter drilling 

Figure 3 – Design of the load application elements 

The applied studs run parallel to the specimen’s edge and flush with it. In order to prevent a 
mixed-mode-crack-opening of the interface, the following tolerances have to be adhered to 
when positioning the applied load transmission elements (Figure 4): 

• the angular shift of the applied studs relating to the y-axis β  shall not exceed 5°; 

IEC 

dL 

w
FE

 

tFE dFE 
lFE 
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• the angular shift of the applied studs relating to the z-axis γ shall not exceed 5° in all; 

• the distance between the specimen’s edge and the applied stud in the x-direction aKE shall 
not exceed 10 % of the stud thickness tFE. 
 

 

Figure 4 – Permissible deviation for stud application 

For attaching the load application elements, a firmly bonded connection (for example 
adhesive bonding) needs to be used. It also has to be ensured that no adhesive diffuses into 
the interface between the bonded Si-chips (see Figure 5). 

 

Key 

1 Adhesive inside the chevron notch shall be prevented 

2 Adhesive layer between sample and load application element 

Figure 5 – Connection of the free sample parts as a result  
of the application of the applied force initiation elements 

8 Test parameter 

8.1 Test velocity 

Test velocity (displacement rate) is kept constant during the whole experiment. The test 
velocity depends on the available test setup and should not exceed 10 µm/s in order to enable 
the determination of the fracture toughness. The displacement rate is constant during the 
characterisation of a batch. When measuring the material parameters, the fracture toughness 
is strongly dependent on the test velocity. In the range of loading speeds between 0,5 µm/s 
and 10 µm/s, differences in fracture toughness of up to 10 % could be measured for glass-frit-
bonded interfaces. 
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8.2 Specimen alignment 

A mode I crack opening requires an accurate positioning of the specimens within the test 
setup. The applied studs are aligned parallel to the load-axis of the test setup. The maximum 
permissible angular deviation with regard to the z-axis is 5°. 

NOTE Because of the mathematical cosine function, a failure of 2 % is represented by 5°. 

8.3 Environmental conditions 

During the test, environmental conditions can affect the measured fracture toughness. While 
the mechanical parameters of the interface directly depend on the ambient temperature, 
corrosive effects resulting from the humidity of the environment can decrease the strength of 
the bond interface. In order to minimize those influences on the measured fracture toughness, 
all tests shall be carried out in a controlled environment. Ambient temperature and humidity 
are to be recorded. 

9 Analysis and evaluation 

9.1 General requirements for test series 

In order to characterize fracture toughness, a test consists of at least 10 to 20 valid results 
within a series of measurements. All specimens of a test series shall be produced with 
identical process parameters. All specimens are tested within the same ranges and at the 
same test conditions. The process flow has to be adjusted to the production process of the 
MEMS devices and is carried out under the same general conditions. 

9.2 Valid test 

A valid test is characterised by the following properties. 

• The test shows a force-displacement-diagram with a distinct maximum force Fmax and a 
continuous behaviour (see Figure 6). 

• The crack runs in the bond interface within the whole triangular area of the notch (between 
a0 and a1). If the crack is kinking out into the chip before a crack length of a1 is reached, 
the attempt is to be declared as invalid, regardless of the force deflection diagram. 

• The applied load application elements of the specimen will not be delaminated. 
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Figure 6 – Exemplary measurement graph of a valid attempt 

9.3 Calculation of the fracture toughness of the glass frit connection 

In order to calculate the fracture toughness of the chevron specimens, the maximum force 
Fmax is to be determined from the measurements recorded in a graph as shown in Figure 6. 

The resulting fracture toughness of the bonded interface under mode I crack propagation can 
be calculated from Equation (2). 
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The geometry factor Ymin (see Table 1) describes the effect of the specimen geometry on the 
crack propagation. It is influenced by the thickness and the chevron angle of the specimen. 

Table 1 – Geometry factors in relation to substrate thickness 

Wafer thickness Geometry factor Ymin for  
a chevron angle φ = 90° tw1 = tw2 

250 µm 277,63 

400 µm 142,80 

525 µm 98,10 

675 µm 69,77 

725 µm 63,47 

 

The geometry factor is largely unaffected by the chosen stripe width and distance. The 
influence of the structuring is considered via the bond area ratio calculated with Equation (1). 
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