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FOREWORD

hternational Electrotechnical Commission (IEC) is a worldwide organization for standardization cd
ptional electrotechnical committees (IEC National Committees). The object of IEC:"is to

ational co-operation on all questions concerning standardization in the electrical and“electronic f
nd and in addition to other activities, IEC publishes International Standards, Technical Speci
hical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to

Cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee i
b subject dealt with may participate in this preparatory work. Internatienal, governmental §
nmental organizations liaising with the IEC also participate in this preparation. IEC collaborate
the International Organization for Standardization (ISO) in accordanee’ with conditions detern
ment between the two organizations.

pbrmal decisions or agreements of IEC on technical matters express)‘as nearly as possible, an inte
ensus of opinion on the relevant subjects since each technical committee has representation
sted IEC National Committees.

Publications have the form of recommendations for interhational use and are accepted by IEC
hittees in that sense. While all reasonable efforts are,made to ensure that the technical contef
Cations is accurate, IEC cannot be held responsible’ for the way in which they are used or
terpretation by any end user.

Her to promote international uniformity, IEC,National Committees undertake to apply IEC Puk
barently to the maximum extent possible «in* their national and regional publications. Any di
ben any IEC Publication and the correspdnding national or regional publication shall be clearly ind
tter.

tself does not provide any attestation”of conformity. Independent certification bodies provide ¢
sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblg
es carried out by independentgertification bodies.

ers should ensure that they have the latest edition of this publication.

hbility shall attach to IEC or its directors, employees, servants or agents including individual exq
bers of its technical committees and IEC National Committees for any personal injury, property dg
damage of any hatlre whatsoever, whether direct or indirect, or for costs (including legal f
hses arising out, of the publication, use of, or reliance upon, this IEC Publication or any o
Cations.

tion is drawn*to the Normative references cited in this publication. Use of the referenced publig
ensable for the correct application of this publication.

mprising
promote
ields. To
ications,
as “IEC
terested
nd non-
5 closely
hined by

rnational
from all

National
t of IEC
for any

lications
ergence
icated in

nformity
e for any

erts and
mage or
bes) and
her IEC

ations is

tights. IEC shall not be held responsible for identifying any or all such patent rights.

tiop is_drawn to the possibility that some of the elements of this IEC Publication may be the srbject of

International Standard |EC 62047-31 has been prepared by subcommittee 47F:
electromechanical systems, of IEC technical committee 47: Semiconductor devices.

The text of this International Standard is based on the following documents:

FDIS Report on voting
47F/326/FDIS 47F/331RVD

Micro-

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 titte 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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or
e amended

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

that it contains colours which are considered to be useful for the cprrect
underdgtanding of its contents. Users should therefore print this document using a
colour(printer.

IMPORTANT — The 'colour inside’' logo on the cover page of this _publication ind}cates
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SEMICONDUCTOR DEVICES -
MICRO-ELECTROMECHANICAL DEVICES -

Part 31: Four-point bending test method for interfacial
adhesion energy of layered MEMS materials

1 Scope

This part of IEC 62047 specifies a four-point bending test method for measuring_interfacial
adhesion energy of the weakest interface in the layered micro-electromechanjcal slystems
(MEMS)) based on the concept of fracture mechanics. In a variety of MEMS devices, there are
many layered material interfaces, and their adhesion energies are critical to_the reliapility of
the MEIMS devices. The four-point bending test utilizes a pure bending moment applipd to a
test pigce of layered MEMS device, and the interfacial adhesion energy.is: measured ffom the
critical [bending moment for the steady state cracking in the weakest interface. This test
method applies to MEMS devices with thin film layers deposited on s@miconductor subgtrates.
The tofal thickness of the thin film layers should be 100 times less than the thickness of a
supporting substrate (typically a silicon wafer piece).

2 Normative references

The following documents are referred to in the text in such a way that some or all pf their
conten{ constitutes requirements of this document. For dated references, only the |edition
cited applies. For undated references, the latest-edition of the referenced document (including
any amlendments) applies.

There are no normative references in this document.

3 Telms, definitions, symbols and designations

3.1 Terms and definitions

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

ISO ang IEC maintain terminological databases for use in standardization at the fdllowing
addresses:

o |EC|Eléctropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.11

energy release rate

G

strain energy per unit surface area, which is released during the incremental growth of a crack

Note 1 to entry: The energy release rate can be regarded as the crack driving force, and its unit is given in J/m2.

3.1.2

interfacial adhesion energy

Ge

critical energy release rate at the moment of crack extension

Note 1 to entry: Its unit is given in: J/m2.
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3.2 Symbols and designations

The shape of the test piece and the symbols are presented in Figure 1 and Table 1,
respectively. The overall shape of the test piece is similar to a sandwiched cantilever beam,
and it should have a pre-crack or a notch for crack initiation. After initiation of the crack, the
crack follows the weakest interface in the layered materials system.

P2 P2

L,
—

/
1 "y
T~a —~
i \\l r._———'
~
Y
A\ b
L ‘ L
2
P2 P2
IEC
Key
1 Idyered material
2 nptched pre-crack
3 interfacial crack
Figure 1 — Four-pointtbending test piece
Table 1 — Symbols and*designations of a test piece
Symbol Unit Designation

L mm Spacing between two adjacent pins

b mm Width

h [0ag] Thickness of the supporting structure

P N Force for driving crack
4 Tept piece
4.1 eneral

The test piece for the layered MEMS materials shall be prepared using the same fabrication
process that applies to actual MEMS devices. Machining of the test piece shall be performed
to prevent formation of unintended cracks or flaws and delamination in the test piece.

4.2 Shape of a test piece

The overall shape of a test piece is shown in Figure 1. Because the evaluation of the energy
release rate relies on several simplifying assumptions, the geometric shape of the test piece
should be designed as follows: the thickness of the test piece should be 50 times less than
the length and width of the test piece, and the length should be 10 times larger than the width.
The total thickness of the layered materials should be 100 times less than the thickness of a
supporting substrate. A pre-crack or notch shown in Figure 1 is machined using conventional
ways like a diamond saw, laser ablation, or chemical etching. This pre-crack initiates cracking
in the supporting substrate under bending, and after that the cracking leads to the introduction
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of an interface crack between two adjacent layers of the weakest interface in the layered
materials.

4.3 Measurement of dimensions

To analyze the test results, the test piece dimensions shall be accurately measured because
the dimensions are used to determine the mechanical properties of test materials. Spacing
between the pins (L), width (b), and thickness (#) should be measured with an error of less
than 5 %. Information on thickness measurement can be found in IEC 62047-2:2006,
Annex C and in IEC 62047-3:2006, Clause 6.

4.4 Evaluation of energy release rate

The engrgy release rate (G) is evaluated using the following Equation (1):

_211-v?)P?[2

G
16 Eb%H3

(1)

where

ig Poisson’s ratio;

i Young’s modulus;

i the width of a test piece;

the thickness of the supporting structure;

i the spacing between two adjacent pins, and

N N > o> Iy <
&

i the applied load.

The critical energy release rate or theninterfacial adhesion energy is evaluated frpm the
energy|release rate when the interfacial crack lying in the interface starts to groy. This
formuld is valid for brittle fracture.

5 Tepting method and test apparatus

5.1 Test principle

The test is performed by applying a pure bending moment to a test piece with a |ayered
materigl interfacé. as shown in Figure 1. The test consists of two steps: the first| is the
introdugtion of\ah interface crack between two layered materials with the weakest inferface.
By grafuallyyincreasing the four-point bending load applied to the test piece, a crack is
initiated from a machined pre-crack. The initiated crack extends in a direction of thickngss and
then b i i i : mterface
crack is formed, the bending load is relaxed. The second step is the extension of the interface
crack. By reloading the bending load, the energy release rate at the tip of the interface crack
increases, and the interface crack starts to extend. The energy release rate of an interface
crack is independent of the crack length when the test piece is under pure bending. For this
test method, it is unnecessary to measure the length of the interface crack.
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5.2 Test machine

The test machine is a universal testing machine with a compressive loadcell, a servomotor, a
linear guide, and a displacement sensor. Using a four-point bending fixture as shown in
Figure 2, a pure bending moment is applied to a test piece with layered materials. The
diameter of the loading pins should be larger than the thickness of the test piece and five
times less than the length of the test piece. The load and the displacement shall be measured
using a loadcell and displacement sensors installed on the universal testing machine during
the test. The resolution of the loadcell shall be less than 1/100 of the critical load for interface
cracking, and the resolution of the displacement sensor shall be less than 1/100 of the
maximum stroke during the test. The loading speed shall be chosen in a range from
0,000 1 mm/s to 0,1 mm/s for steady state interfacial cracking without any inertial effect. The
behavi&ur of crack extension shall be recorded at a speed larger than 10 Hz using a famera
with a microscope objective of 20x or more.

5.3 Test procedure

The tegt procedure is as follows:

a) Install a test piece on the four-point bending fixture of the test machine. The longjtudinal
dirgction of the test piece shall be aligned with the longitudinat-direction of the fixture, and
the [deviation angle shall be less than 1 °.

b) Apdly a bending moment to the test piece to initiate a craek from the machined prg-crack
or notch. This is for introduction of an interface crack at the weakest interface, and the
appllication of bending moment shall be controlled by a displacement of the test mpachine.
When the crack starts to extend, the actuator of<the test machine shall be stopped to
preyent the test piece from complete delamination. When the interface is brittle, and the
adhlesion energy is low, the test piece is_susceptible to complete delamination after
initiption of the crack at the machined pre-crack. When the initiated crack does ngt touch
any| material interface of the test piece; the displacement of the test machine shall be
increased to grow the crack further..The test machine shall be stopped and unlogded as
sooh as the interface crack is formed

c) Apdly a bending moment again "to” the test piece with the interface crack at a material
intefrface, and record the load @nd the displacement during the test. The crack motion shall
be fecorded to interpret the~phiysical meaning of the measured critical energy releage rate.

d) Unlpad the test piece after a testing period. After testing, remove the test piece fjom the
tesf machine with caution for additional damage on the fractured surfaces of the tegt piece.
If possible, preserve the test piece for investigation using electron and |optical
micfoscopes.

e) Chgck the measured load-displacement curves according to Annex A. To obtain the
inte’[facial adhesion energy, the interfacial cracking should proceed in a steaqy-state
mamnnerand the load-displacement curve should be as in Figure A.1a). This test mgthod is

invalid when the interfacial cracking is not in a steady-state.
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Figure 2 —Picture of a four-point bending fixture

5.4 Test environment

Becaude mechanical properties are temperature sensitive, fluctuations in temperaturel during
the test shall be cantrolled to be less than +2 °C. Certain polymeric materials can be s¢nsitive
to hun]idity; thusy/~the change in relative humidity (RH) in the testing laboratory shall be
controlled to be.dess than £5 % RH for such materialsu.

6 Teptreport

The test report shall contain the following information:

a) reference to this document;

b) test piece identification number;

c) test piece preparation procedures;

d) test piece dimensions;

e) constituent materials and their fabrication methods;

f) description of the test machine and four-point bending fixture;

g) measured results and properties: applied bending moment versus displacement, critical
energy release rate, crack extension behaviour.
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Annex A
(informative)

Failure modes during the four-point bending test

A.1 General

Depending on the materials consisting of an interface in a layered MEMS device, the
interfacial adhesion energy of the interface can be higher or lower than the fracture toughness
of the materials. This four-point bending test method is valid for the interface with the lower

interfagt - s ;
meaning of the interfacial adhesion energy only when the interfacial crack steadily/g

Figure A.1a), the force peak (1) corresponds to the crack initiation at the notched pre
The force peak (2) indicates the initiation of an interfacial crack, and the data (3) rep
steady |state crack growth along the interface. In this_¢ase, it is possible to evalu
critical [energy release rate from Formula (1). When the\interfacial toughness is very |
initiated crack at the notched pre-crack can lead te Unstable growth of interfacial c
shown |in Figure A.1b), and the critical energy«rélease rate at the interface crack
determ|ned. In Figure A.1c), the crack growth is>initiated at the notched pre-crack un
force ppak (6), then the arrested crack starts {6 'extend at the force peak (7) through th
supporfing structure. This means that thedinterface is very tough, and the critical
releasg rate of the interface is undetébmined. When the toughness of the sup
structufes is very low or the notched pre=crack is blunt, the initiated crack at the notch
crack cpn extend throughout the two*supporting structures as shown Figure A.1d).

hysical
xtends
curves

can be
A.1. In
-crack.
resents
ate the
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energy
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