
 

IEC 62047-12 
Edition 1.0 2011-09 

INTERNATIONAL 
STANDARD 
NORME 
INTERNATIONALE 

Semiconductor devices – Micro-electromechanical devices –  
Part 12: Bending fatigue testing method of thin film materials using resonant 
vibration of MEMS structures  
 
Dispositifs à semiconducteurs – Dispositifs microélectromécaniques –  
Partie 12: Méthode d'essai de fatigue en flexion des matériaux en couche mince 
utilisant les vibrations à la résonance des structures à systèmes 
microélectromécaniques (MEMS) 
 

IE
C

 6
20

47
-1

2:
20

11
 

  
  

® 
 

Full document details: IEC 62047-12 2011

http://avadocuments2026.com/doc/iec-62047-12-2011
http://avadocuments2026.com/doc/iec-62047-12-2011


 

 
  

 THIS PUBLICATION IS COPYRIGHT PROTECTED 
 Copyright © 2011 IEC, Geneva, Switzerland  
 
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by 
any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either IEC or 
IEC's member National Committee in the country of the requester. 
If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication, 
please contact the address below or your local IEC member National Committee for further information. 
 
Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut être reproduite 
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie 
et les microfilms, sans l'accord écrit de la CEI ou du Comité national de la CEI du pays du demandeur.  
Si vous avez des questions sur le copyright de la CEI ou si vous désirez obtenir des droits supplémentaires sur cette 
publication, utilisez les coordonnées ci-après ou contactez le Comité national de la CEI de votre pays de résidence. 
 

IEC Central Office 
3, rue de Varembé 
CH-1211 Geneva 20 
Switzerland 
Email: inmail@iec.ch 
Web: www.iec.ch 

 

About the IEC  
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes 
International Standards for all electrical, electronic and related technologies.  
 

About IEC publications 
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the 
latest edition, a corrigenda or an amendment might have been published. 
 Catalogue of IEC publications: www.iec.ch/searchpub 
The IEC on-line Catalogue enables you to search by a variety of criteria (reference number, text, technical committee,…). 
It also gives information on projects, withdrawn and replaced publications.  
 IEC Just Published: www.iec.ch/online_news/justpub 
Stay up to date on all new IEC publications. Just Published details twice a month all new publications released. Available 
on-line and also by email.  
 Electropedia: www.electropedia.org 
The world's leading online dictionary of electronic and electrical terms containing more than 20 000 terms and definitions 
in English and French, with equivalent terms in additional languages. Also known as the International Electrotechnical 
Vocabulary online. 
 Customer Service Centre: www.iec.ch/webstore/custserv 
If you wish to give us your feedback on this publication or need further assistance, please visit the Customer Service 
Centre FAQ or contact us: 
Email: csc@iec.ch 
Tel.: +41 22 919 02 11 
Fax: +41 22 919 03 00 
 
 

A propos de la CEI  
La Commission Electrotechnique Internationale (CEI) est la première organisation mondiale qui élabore et publie des 
normes internationales pour tout ce qui a trait à l'électricité, à l'électronique et aux technologies apparentées. 
 

A propos des publications CEI  
Le contenu technique des publications de la CEI est constamment revu. Veuillez vous assurer que vous possédez 
l’édition la plus récente, un corrigendum ou amendement peut avoir été publié. 
 Catalogue des publications de la CEI: www.iec.ch/searchpub/cur_fut-f.htm 
Le Catalogue en-ligne de la CEI vous permet d’effectuer des recherches en utilisant différents critères (numéro de référence, 
texte, comité d’études,…). Il donne aussi des informations sur les projets et les publications retirées ou remplacées. 
 Just Published CEI: www.iec.ch/online_news/justpub 
Restez informé sur les nouvelles publications de la CEI. Just Published détaille deux fois par mois les nouvelles 
publications parues. Disponible en-ligne et aussi par email.  
 Electropedia: www.electropedia.org 
Le premier dictionnaire en ligne au monde de termes électroniques et électriques. Il contient plus de 20 000 termes et 
définitions en anglais et en français, ainsi que les termes équivalents dans les langues additionnelles. Egalement appelé 
Vocabulaire Electrotechnique International en ligne. 
 Service Clients: www.iec.ch/webstore/custserv/custserv_entry-f.htm 
Si vous désirez nous donner des commentaires sur cette publication ou si vous avez des questions, visitez le FAQ du 
Service clients ou contactez-nous: 
Email: csc@iec.ch 
Tél.: +41 22 919 02 11 
Fax: +41 22 919 03 00 

 

 

Full document details: IEC 62047-12 2011

mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
http://www.iec.ch/searchpub/cur_fut-f.htm
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv/custserv_entry-f.htm
mailto:csc@iec.ch
http://avadocuments2026.com/doc/iec-62047-12-2011
http://avadocuments2026.com/doc/iec-62047-12-2011


 

 

IEC 62047-12 
Edition 1.0 2011-09 

INTERNATIONAL 
STANDARD 
NORME 
INTERNATIONALE 

Semiconductor devices – Micro-electromechanical devices –  
Part 12: Bending fatigue testing method of thin film materials using resonant 
vibration of MEMS structures  
 
Dispositifs à semiconducteurs – Dispositifs microélectromécaniques –  
Partie 12: Méthode d'essai de fatigue en flexion des matériaux en couche mince 
utilisant les vibrations à la résonance des structures à systèmes 
microélectromécaniques (MEMS) 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

COMMISSION 
ELECTROTECHNIQUE 
INTERNATIONALE U 
ICS 31.080.99 

PRICE CODE 
CODE PRIX 

ISBN 978-2-88912-689-7 
 

  
  

® Registered trademark of the International Electrotechnical Commission 
 Marque déposée de la Commission Electrotechnique Internationale 

® 
 

Full document details: IEC 62047-12 2011

http://avadocuments2026.com/doc/iec-62047-12-2011
http://avadocuments2026.com/doc/iec-62047-12-2011


 – 2 – 62047-12  IEC:2011 

CONTENTS 

 

FOREWORD ........................................................................................................................... 4 
1 Scope ............................................................................................................................... 6 
2 Normative references ....................................................................................................... 6 
3 Terms and definitions ....................................................................................................... 6 
4 Test equipment ................................................................................................................. 7 

4.1 General ................................................................................................................... 7 
4.2 Actuator .................................................................................................................. 8 
4.3 Sensor .................................................................................................................... 8 
4.4 Controller ................................................................................................................ 8 
4.5 Recorder ................................................................................................................. 9 
4.6 Parallel testing ........................................................................................................ 9 

5 Specimen ......................................................................................................................... 9 
5.1 General ................................................................................................................... 9 
5.2 Resonant properties ................................................................................................ 9 
5.3 Test part.................................................................................................................. 9 
5.4 Specimen fabrication ............................................................................................... 9 

6 Test conditions ................................................................................................................. 9 
6.1 Test amplitude......................................................................................................... 9 
6.2 Load ratio .............................................................................................................. 10 
6.3 Vibration frequency ............................................................................................... 10 
6.4 Waveform .............................................................................................................. 10 
6.5 Test time ............................................................................................................... 10 
6.6 Test environment................................................................................................... 10 

7 Initial measurement ........................................................................................................ 10 
7.1 Reference strength measurement .......................................................................... 10 
7.2 Frequency response test ....................................................................................... 11 

8 Test ................................................................................................................................ 11 
8.1 General ................................................................................................................. 11 
8.2 Initial load application ............................................................................................ 11 
8.3 Monitoring ............................................................................................................. 12 
8.4 Counting the number of cycles .............................................................................. 12 
8.5 End of the test ....................................................................................................... 12 
8.6 Recorded data ....................................................................................................... 12 

9 Test report...................................................................................................................... 12 
Annex A (informative)  Example of testing using an electrostatic device with an 
integrated actuation component and displacement detection component ............................... 14 
Annex B (informative)  Example of testing using an external drive and a device with an 
integrated strain gauge for detecting displacement ............................................................... 17 
Annex C (informative)  Example of electromagnetic drive out-of-plane vibration test  
(external drive vibration test) ................................................................................................ 20 
Annex D (informative)  Theoretical expression on fatigue life of brittle materials based 
on Paris’ law and Weibull distribution .................................................................................... 23 
Annex E (informative)  Analysis examples............................................................................. 27 
Bibliography .......................................................................................................................... 29 

Full document details: IEC 62047-12 2011

http://avadocuments2026.com/doc/iec-62047-12-2011
http://avadocuments2026.com/doc/iec-62047-12-2011


62047-12  IEC:2011 – 3 – 

 
Figure 1 – Block diagram of the test method ........................................................................... 7 
Figure A.1 – Microscope image of the specimen ................................................................... 14 
Figure A.2 – Block diagram of test equipment ....................................................................... 15 
Figure B.1 – The specimens’ structure .................................................................................. 17 
Figure B.2 – Block diagram of test equipment ....................................................................... 18 
Figure C.1 – Specimen for out-of-plane vibration testing ....................................................... 20 
Figure C.2 – Block diagram of test equipment ....................................................................... 21 
Figure E.1 – Example of fatigue test results for silicon materials ........................................... 27 
Figure E.2 – Static strength and fatigue life of polysilicon plotted in 3D ................................. 28 
 

 

Full document details: IEC 62047-12 2011

http://avadocuments2026.com/doc/iec-62047-12-2011
http://avadocuments2026.com/doc/iec-62047-12-2011


 – 4 – 62047-12  IEC:2011 

INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 
 

SEMICONDUCTOR DEVICES –  
MICRO-ELECTROMECHANICAL DEVICES –  

 
Part 12: Bending fatigue testing method of thin film materials  

using resonant vibration of 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 62047-12 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/80/FDIS 47F/90/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, under the general title Semiconductor devices – 
Microelectromechanical 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 12: Bending fatigue testing method of thin film materials  

using resonant vibration of MEMS structures 
 
 
 

1 Scope  

This part of IEC 62047 specifies a method for bending fatigue testing using resonant vibration 
of microscale mechanical structures of MEMS (micro-electromechanical systems) and 
micromachines. This standard applies to vibrating structures ranging in size from 10 µm to 
1 000 µm in the plane direction and from 1 µm to 100 µm in thickness, and test materials 
measuring under 1 mm in length, under 1 mm in width, and between 0,1 µm and 10 µm in 
thickness. 

The main structural materials for MEMS, micromachine, etc. have special features, such as 
typical dimensions of a few microns, material fabrication by deposition, and test piece 
fabrication by means of non-mechanical machining, including photolithography. The MEMS 
structures often have higher fundamental resonant frequency and higher strength than macro 
structures. To evaluate and assure the lifetime of MEMS structures, a fatigue testing method 
with ultra high cycles (up to 1012) loadings needs to be established. The object of the test 
method is to evaluate the mechanical fatigue properties of microscale materials in a short 
time by applying high load and high cyclic frequency bending stress using resonant vibration. 

2 Normative references 

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

IEC 62047-3:2006, Semiconductor devices – Micro-electromechanical devices – Part 3: Thin 
film standard test piece for tensile testing 

ISO 12107, Metallic materials – Fatigue testing – Statistical planning and analysis of data 

3 Terms and definitions  

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

3.1  
amplitude 
one-half the algebraic difference between the maximum value and minimum value in a loading 
cycle 

3.2  
load ratio 
algebraic ratio of the maximum value and minimum value of the load of a cycle 

3.3  
S-N curve 
plot of stress or strain (S) against the number of cycles (N) to failure 
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3.4  
reference strength: 
static strength or instantaneous failure strength  

3.5  
instantaneous failure strength 
failure strength of quasi-static test or resonant vibration test at rapid amplitude growth 

 

 

Key 

1 Specimen 2 Test part 

3 Actuator 4 Sensor 

5 Controller 6 Recorder 

7 Force 8 Displacement or strain 

9 Amplitude and frequency 

Figure 1 – Block diagram of the test method 

4 Test equipment 

4.1 General 

The test equipment shall be capable of generating resonant vibration with constant amplitude 
and stable frequency to the test structure. A block diagram of the test equipment is shown in 
Figure 1. The test equipment consists of an actuator for oscillation, a sensor for amplitude 
detection, a controller for maintaining the resonant vibration at a constant amplitude, and a 
recorder for monitoring. 

The amplitude control method is classified as follows. 

a) Constant strain control 
Applied strain in the test part is maintained at constant. It can be applied for elastic or 
inductile materials. 

3 

1 
2 

8 

7 
 

4 5 

6 

9 
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b) Constant stress control 
Applied stress in the test part is maintained at constant. Load monitoring and closed loop 
control is crucial for the method. 

4.2 Actuator 

The actuator shall be capable of applying oscillation force of the necessary amplitude and 
frequencies along the required direction. Various kind of actuators can be used, e.g., 
electrostatic, piezoelectric, thermal, and electromagnetic actuators. The actuator may be 
installed in the test structure, as discussed in 5.1. 

4.3 Sensor 

The sensor shall be capable of measuring the movement of the specimen to determine the 
stress amplitude (for constant stress amplitude testing) or the strain amplitude (for constant 
strain amplitude testing) to the test part of the specimen.  

The sensor and its associated electronics shall be accurate to within 1 % of the range of the 
stress or strain amplitude. 

The sensor should measure the movement continuously, in order to maintain a constant 
vibration and detect failure effectively. If the specimen is an elastic material and will not show 
the change in the vibrating properties, however, it is permissible to measure the movement at 
regular time intervals. 

The movement is detected by measuring displacement of the test structure or the stress or 
strain in the test structure. Clause A.2 shows a method for detecting rotational displacement 
of the mass from changes in capacitance. Clause B.2 shows a method using a strain gauge 
integrated in the specimen. Clause C.2 shows a method for detecting displacement of the 
mass using a non-contact displacement gauge. 

4.4 Controller 

The controller shall be capable of generating the oscillation signal to the actuator from the 
movement signal from the sensor, in order to maintain the required resonant vibration. During 
testing, the amplitude and frequency of the specimen shall be maintained at a constant level. 
One of the following methods should be applied for the specimen, depending on the vibration 
characteristics. 

a) Closed loop method 

The frequency and amplitude of the oscillation signal applied to the specimen shall be 
controlled to follow changes in the resonant frequency. In most cases, the signal applied to 
the actuator is generated from the movement signal of the specimen. A self-excited oscillation 
circuit or phase-locked loop circuit can be used as a means for maintaining the resonant 
frequency. An automatic gain control circuit (AGC) can also be used to maintain a constant 
amplitude by changing the amplitude of the oscillation signal based on the detected amplitude. 

b) Open loop method 

Elastic or inductile materials that show a linear response but no plastic deformation may be 
tested using an open loop method. This test may be performed by stopping at regular 
intervals and measuring the resonant characteristics, or by actuating the test structure from 
the start to the end of testing at a predetermined resonance frequency and oscillation signal 
amplitude. 

The stability of the frequency and amplitude shall be maintained throughout the test to within 
± 3 % of the desired value. 
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4.5 Recorder 

The test equipment shall include a recorder for collecting the “record data” indicated in 8.6.  

4.6 Parallel testing 

The test may be conducted in parallel with a number of equipment units. In this case, steps 
should be taken to eliminate mutual electrical or mechanical interference among the 
equipment units. 

5 Specimen 

5.1 General 

The specimen shall be capable of applying a constant and high-load amplitude to the test part 
via resonant vibration. Examples of specific structures are shown in the Clauses A.1, B.1, and 
C.1. 

It is permissible to integrate a mechanism in the specimen for actuating or for sensing the 
movement of the specimen. An example of a structure integrating mechanisms for actuation 
and detecting amplitude is shown in Annex A.1. An example of a structure integrating a 
mechanism for detecting amplitude only is shown in Annex B.1. 

5.2 Resonant properties 

The specimen shall have resonance characteristics that enable the application of the required 
deformation (mode of vibration) in the specific frequency (resonance frequency) of the 
specimen. The resonant frequency should preferably be more than 1 000 Hz, in order to 
obtain a large number of the cycles in a short time. The quality factor of the specimen should 
be more than 100, in order to obtain a large amplitude. Steps should be taken to ensure, 
within this resonance frequency, that the specimen will not vibrate in a vibration mode 
different from that used in the test. For example, there should be no other resonant modes 
close to the mode used for testing. 

5.3 Test part 

The specimen shall have a test part in which stress sufficient to induce failure occurs. When 
the test is performed to evaluate the reliability of the actual device, the deformation in the test 
part at resonant vibration (in-plane and out-of-plane bending) shall be the same as that of the 
actual device. If only low stress can be applied to a structure similar to the actual device, a 
notch or another means may be introduced to concentrate the stress in the targeted section of 
the test part.  

5.4 Specimen fabrication 

Refer to Clause 5 of IEC 62047-3 when manufacturing the test part of the specimen. The 
specimen should be fabricated by the same method as the target MEMS device for reliability 
evaluation is fabricated. Furthermore, the same shapes, dimensions, and multilayer film 
structures should be used. 

6 Test conditions 

6.1 Test amplitude 

The test amplitude should be specified from the appropriate reference strength of the 
specimen. The reference strength should be determined through the methods in 7.1. One of 
the following procedures should be chosen for determining the test amplitude during testing, 
based on the reference strength.  
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a) Constant amplitude of 100 % of the reference strength: 
to evaluate the fatigue life at a certain amplitude. 

b) Decrease the amplitude gradually from a high level: 
for obtaining an S-N curve in a short time. 

c) Increase the amplitude gradually from a low level: 
for obtaining an S-N curve when the number of test parts is limited. 

As a reference for determining the test amplitude, example of experimental data and analysis 
of fatigue testing for silicon are shown in Annex D. For details on the testing of metal 
materials, refer to ISO 12107. 

The decrease and increase step of the test amplitude for the procedures b) and c) should be 
selected preferably close to the standard deviation of measured reference strength. 

6.2 Load ratio 

The load ratio of the test method can be taken to be -1, as the quality factor (Q) of the 
resonant vibration is high enough (10 or more) to achieve an amplitude too high to apply by 
(quasi-)static testing methods.  

6.3 Vibration frequency 

The frequency shall be the resonant mode at which the test part is in the required stress state 
specified in 5.3, or a frequency close to it. 

6.4 Waveform 

The waveform of the displacement of the specimen and the stress and strain of the test part 
can be regarded as sinusoidal, irrespective of the actuating waveform 

6.5 Test time 

The test time shall be specified as the time at which the test ends, even if the specimen has 
not failed by that time. The test time can be determined as the number of the test cycles, 
based on the vibration frequency. For tests conducted on materials with lifetime 
characteristics which are frequency-independent, such as silicon, the test cycles are chosen 
as the stress cycles applied on the actual devices in their lifetimes. See Annex D.  

6.6 Test environment 

The test environment should be maintained at a constant temperature and humidity. 

7 Initial measurement 

7.1 Reference strength measurement 

The reference strength shall be measured prior to the fatigue test. Specimens used for 
measurement of the reference strength should be made of the same materials, and by the 
same processes, as the test part to be tested. Care shall be taken when using a specimen of 
a different shape. If such a specimen is used, it should show the same failure mode, and the 
size effect on the measured strength should be considered. 

The reference strength should be determined using one of the following tests.  

a) Quasi-static test 
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The failure strength measured by conducting quasi-static testing is set as the reference 
strength. 

b) Instantaneous fatigue test 

The maximum amplitude in the instantaneous fatigue test is set as the reference strength. In 
this test, the amplitude is rapidly increased up to the point of specimen failure by the same 
method used for the fatigue test. This method may be chosen when it is difficult to use a 
specimen of a different shape, or when it is difficult to apply a static load.  

c) Stress analysis 

The reference strength is determined using either simulation or theoretical analysis. This 
method can be chosen when a reference strength is difficult to determine experimentally. The 
amplitude at which the maximum stress in the specimen reaches the failure strength is set as 
the reference strength. The failure strength can be taken from published papers or other 
available data. The reported strength should be chosen carefully, as some materials have 
size effect in failure strength and environmental effects under variable temperatures, humidity 
levels, and so on. It is thus desirable to refer to the strength values in the literature in order to 
keep conditions as close as possible to those in the life test to be conducted. 

Given the large variation in the strength of brittle materials such as single crystal silicon, it is 
preferable to obtain strength data for no less than 10 specimens when measuring the 
reference strength experimentally, and to adopt a statistically processed value (for example, 
50 % failure stress from Weibull analysis or an arithmetical average) as the reference for 
stress or strain in the resonant oscillation test. 

7.2 Frequency response test 

The resonant properties of the specimens shall be measured prior to the fatigue test. When 
the resonant properties vary among specimens and the controller needs tuning, the resonant 
properties of all of the specimens should be measured. 

The frequency response test is used to measure the resonant properties. The oscillation 
signal is applied from a function generator and the frequency of the signal is swept around the 
expected resonant properties to find the actual resonant frequency. The load applied in this 
response test shall be small enough to ensure that the measurements for the fatigue test are 
unaffected. If the effect cannot be ignored, the number of load cycles applied in this response 
test should preferably be added to the fatigue test data. 

8 Test 

8.1 General 

The fatigue test shall be conducted by applying resonant oscillation at the predetermined 
oscillation amplitude to the specimen. The test ends when the specimen fails or the 
predetermined test time is reached. 

8.2 Initial load application 

The increasing rate of the amplitude should be specified properly at the start of the fatigue 
test. Because the test is conducted in resonance and the quality factor is high, the amplitude 
cannot reach the test amplitude without delay. If the amplitude increases too rapidly, it can 
result in an overshooting of the amplitude and unexpected failure at the start of the test. If, on 
the other hand, too much time is allowed for the increase in amplitude, the test result can be 
affected. The initial load applied in these procedures should be carefully controlled to ensure 
that measurement results of the lifetime test are unaffected. When some effect is conceivable, 
the procedures for increasing the amplitude should be described in the test report. 
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8.3 Monitoring 

The vibration of the specimen shall be monitored continuously during the test to detect the 
specimen failure. One method for this test monitoring is to monitor the vibration frequency 
and/or amplitude. It is also desirable to record the changes in the vibration frequency and 
amplitude at proper time intervals. If the system lacks a monitoring function, the specimen 
may be monitored by stopping the fatigue test at certain intervals of time and conducting the 
frequency response test in 7.2. 

8.4 Counting the number of cycles 

The number of cycles of the fatigue test shall be counted using a counter. Alternatively, the 
cycles may be calculated by multiplying the vibration frequency by the time from the start of 
testing. 

8.5 End of the test 

The test shall end at the point of specimen failure, or when a predetermined loading time or a 
predetermined number of cycles has elapsed. 

Specimen failure is defined as the following: 

a) fracture of the test part; 
b) a certain percentage change in the amplitude; 
c) a certain change in the oscillating frequency. 

8.6 Recorded data 

The failure of the specimen shall be recorded. The oscillation amplitude and frequency of the 
specimen and the temperature and humidity of the testing environment should be measured at 
certain intervals of time during the test. 

9 Test report 

The test report shall include the following information. 

• Mandatory 

a) reference to this International Standard, i.e. IEC 62047-12 
b) test piece material 

− in the case of a single crystal: crystallographic orientation 

c) method and details of test piece fabrication 

− method of thin film deposition 

− fabrication processes 

− heat treatment (annealing) conditions 

d) shape and dimensions of test piece 

e) test equipment 

− oscillation method (self-oscillation, external oscillation) 

− initial load application method 

− amplitude control method 

− test monitoring method (amplitude, frequency, number)  

Full document details: IEC 62047-12 2011

http://avadocuments2026.com/doc/iec-62047-12-2011
http://avadocuments2026.com/doc/iec-62047-12-2011


62047-12  IEC:2011 – 13 – 

f) fatigue test conditions 

− reference strength, and its measurement method 

− mean stress (in the case of displacement control, mean displacement) 

− stress amplitude (in the case of displacement control, displacement amplitude) 

− load ratio 

− testing environment (temperature and relative humidity) 

− wave form (sinusoidal) 

− frequency 

g) fatigue test result 

− number of samples 

− number of applied cycles to failure. If the test piece is not fractured during a 
predetermined number of cycles, the number of cycles and the description “no 
failure” should be noted. 

− definition (type) of failure 

• Optional 

a) purpose of the test 

− motivation or object 

b) microstructure 

− in the case of polycrystalline thin film: texture and grain size 

c) internal stress 

d) mask design 

− resolution of mask drawing and lithography 

e) surface roughness of test piece 

− photographs of the finished test part, along with any surface treatment (cleaning 
procedure) 

f) brief description of fracture characteristics 

g) detailed test results 

− S-N curve (S is peak stress or stress amplitude) 

− fatigue strength, statistical processing (fatigue probability) 

− amplitude history 

− fractograph. 
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Annex A  
(informative) 

 
Example of testing using an electrostatic device with an integrated 

actuation component and displacement detection component 
 

A.1 Specimen 

The specimen consisted of a flexible beam test part and a fan-shaped mass fabricated by dry 
etching a thin film of single crystal silicon as shown in Figure A.1. One end of the flexible 
beam is fixed to the mass and the other is fixed to a substrate. An electrostatic comb-drive 
actuator is connected to the mass, and in-plane bending can occur in the flexible beam. A 
comb electrode attached to the mass outputs a signal proportional to the displacement, and 
the mass has a deflection scale that can be read by microscope. Since the test material is 
used for the electrostatic actuator and sensor, the test material is a conductive material. 

The resonance frequency of the specimen is determined by the moment of inertia of the mass 
and the flexural rigidity of the flexible beam. The fundamental resonance frequency of the in-
plane vibration of the test part varied between 38,75 kHz and 39,71 kHz. This variation 
resulted mainly from the less-than-uniform thickness of the thin film formed on the structure. 
Based on a measurement of the displacement response when an external signal was applied 
to the actuator, the Q value of the oscillator in the atmosphere was estimated to be 370. To 
increase the Q value of the oscillator, the bottom surface of the oscillator substrate was 
removed by etching. No resonance other than first in-plane vibration was observed in nearby 
frequencies. The test was performed at the resonance frequency of the in-plane vibration 
mode. 

Dimensions in micrometres 

 

Key 
1 Resonator 2 Actuator 

3 Sensor 4 Test piece 

Figure A.1 – Microscope image of the specimen 

The test part was composed of a single crystal silicon with an SOI active layer of 10 µm in 
width, 30 µm in length, and 5 µm in thickness, and etched surfaces at the sides. With in-plane 
bending deformation, the stress on the sidewall surfaces was a potential cause of failure. To 
eliminate the influence of surface roughness on the sidewall, steps were taken to obtain a 
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side surface as smooth as possible by lithography and etching. As it was conjectured that 
sufficient stress to cause failure could not be applied to test parts with a beam structure only, 
a notch of 4 µm deep was introduced into the middle of one side of the test part. The tip of the 
notch was a half circle with a radius of 0,5 µm, and the behavior of the stress concentration 
was evaluated by the finite element method. 

A.2 Test equipment 

The test equipment for applying resonant oscillation to the specimen consisted of an electric 
circuit only, as the actuation and detection mechanisms were built into the specimen. The 
block diagram of the test equipment is shown in Figure A.2. Resonant vibration was induced 
in the specimen by a self-oscillation method. 

 

Key 
1 Test piece 2 Actuator 

3 Sensor 4 Driver 

5 Oscillating circuit 6 Automatic gain controller 

7 Frequency-voltage converter 8 Oscilloscope 

9 Control PC 10 Oscillating waveform monitor 

11 Amplitude reference 12 Amplitude output 

13 Frequency output 

Figure A.2 – Block diagram of test equipment 

Eight sets of test equipment were manufactured, to work in parallel. When the power supply 
and circuit board are shared in this type of setup, stable oscillation can be disrupted by 
electrical interference. Therefore, in conducting the tests in parallel, the electrical coupling 
was reduced by selecting specimens of slightly different frequencies. 

The actuation component amplifies a drive signal whose amplitude and phase are adjusted 
from the displacement signal to realize feedback oscillation. The actuation signal is amplified 
with a biased high voltage amplifier and applied to the electrostatic comb actuator. The drive 
signal voltage during stable oscillation was Vpp = 20 V to Vpp = 40 V.  

The displacement amplitude of the specimen was measured by detecting the capacitance of 
the comb electrodes. The capacitance of the comb was measured with a charge amplifier, and 
an electrical signal proportional to the angular displacement was obtained. The amplitude was 
observed simultaneously by reading the deflection scale by microscope, thus enabling 
calibration of the electrical signal. 

As the force applied to the test part is immeasurable in this technique, the stress applied to 
the test part is evaluated by finite element analysis based on the measured angular 
displacement of the mass.  
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With the use of the self-excited oscillation circuit, the specimen vibrates at the resonance 
frequency. To keep the displacement of the specimen at a constant level, an automatic gain 
controller (AGC) is built into the oscillation circuit. The amplitude of the specimen can be 
controlled by software, as the reference voltage of the AGC is controlled using the analog 
voltage output from a computer. 

If the value set for the AGC amplitude of the vibration control circuit is raised quickly, the 
delay in mechanical resonance due to the high Q value can destabilize the oscillation. 
Unstable vibration starts after several dozen milliseconds, and a few milliseconds later the 
test part will fail due to vibration overshoot. To prevent this, the value set for the AGC 
amplitude was raised linearly over 10 s by computer control. This approach resulted in an 
increase in the oscillation amplitude with stable vibration, and the setting value was reached 
without overshoot. The time required to raise the amplitude was short in comparison with the 
fatigue life, and thus was excluded from the test results. 

With this test method, an electric displacement signal is the output to be observed. As long as 
this signal is sinusoidally stable, the specimen can be presumed to be vibrating stably, 
without failure. When the test part fails, the signal shows a sudden break in the sinusoidal 
wave. The waveform of the displacement signal was observed over a short time with an 
oscilloscope, while the long-term displacement signal was recorded by taking the detected 
amplitude of the AGC at set intervals. The temperature and humidity were measured at the 
same time. 

The measured amplitude signal and frequency signal were recorded every 1 s by an analog-
digital converter circuit to determine whether or not failure had occurred. In some tests, the 
displacement signal at the moment of failure was recorded by a digital oscilloscope (recording 
was triggered by a drop in the displacement signal). 

A.3 Test conditions 

 Because of the difficulty of performing a static or quasi-static strength test, in this test system, 
the reference amplitude for this specimen was determined by preliminary fatigue testing. The 
stress ratio was taken as –1, since the same displacement was consistently observed at both 
sides in the microscope observation of the amplitude scale. 

The vibration frequency was measured with a frequency-voltage convertor. Frequency 
changes higher than the resolution (about 200 Hz) were not observed at any point during the 
test. The test time was 168 h. The test was conducted with the test parts placed in a 
temperature- and humidity controlled chamber (temperature 23,0 °C ± 0,1 °C, humidity 
49 % RH to 51 % RH and 24 % RH to 27 % RH).  

A.4 Initial measurement 

The only initial measurement was a frequency response test of the specimen. The test was 
performed by applying a sinusoidal signal to the actuator from an external oscillator and 
observing the displacement output. The resonance frequency of all specimens was inspected 
prior to the lifetime test. In addition, self-oscillation and stability were checked over a short 
time (about 1 min) with the specimens configured as a feedback circuit. The oscillation 
amplitudes for these initial measurements were kept below the minimum amplitude for the 
lifetime tests, and thus were not thought to have effects on the test results. None of the 
specimens that showed stable vibration failed during the initial measurement. 
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Annex B  
(informative) 

 
Example of testing using an external drive and a device 

with an integrated strain gauge for detecting displacement 
 

B.1 Specimen 

The specimen is fabricated by the bulk micro-machining of a single crystal silicon wafer, as 
shown in Figure B.1. In this system, the mass is supported by two or four beams, displaced 
vertically from the substrate surface. Four strain gauges are fabricated in the beams and 
connected as a Wheatstone bridge. Changes of resistance due to deformation of the beams 
can be detected as voltage output. The displacement is monitored from the output of the 
strain gauge bridge. A bridge connection is formed by arranging gauges pairwise, where the 
strain is generated toward the opposite direction. The relationship between the displacement 
and bridge output is calibrated in advance.  

 

Key 
1 Resonator 2 Test piece 

3 Frame 4 Strain gauge (positive polarity) 

5 Strain gauge (negative polarity) 

Figure B.1 – The specimens’ structure 

The test part is made from single crystal silicon by anisotropic wet etching. Strain gauges are 
formed in the surface of the specimen for detecting amplitude. The maximum stress occurring 
in the specimen is calibrated in advance by finite element analysis of the relationship between 
the maximum stress and the vertical displacement of the mass. The maximum stress can be 
evaluated from the voltage output of the strain gauge.  

As an example, a doubly supported type single crystal silicon resonator was tested. The mass 
was 1 mm wide, 1,5 mm long, and 0,5 mm thick. The four suspending beams were 500 µm 
long, 200 µm wide, and 20 µm thick. The observed resonance frequency of the specimen was 
8,5 kHz to 8,9 kHz.  

B.2 Test equipment 

Block diagram of the test equipment is shown in Figure B.2. The sensor is integrated with the 
specimen, as described in Clause B.1. A stacked piezoelectric actuator is used as the 
actuator. The specimen is mounted on the metal package and placed over the piezoelectric 
actuator. Applied acceleration to the resonator is monitored by a vibrometer. 
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(b) double supported type (a) cantilever type 
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Key 
1 Test piece 2 Actuator 

3 Sensor 4 Driver 

5 Amplifier 6 Phase locked loop circuit 

7 Automatic gain controller 8 Frequency-voltage converter 

9 Control PC 10 Vibrometer 

11 Oscilloscope 12 Oscillating waveform monitor 

13 Amplitude reference 14 Amplitude output 

15 Frequency output 

Figure B.2 – Block diagram of test equipment 

A driving circuit controller generates an actuating signal from the displacement signal to 
oscillate resonant vibration. The actuating signal is generated by a phase-locked loop (PLL) 
circuit. An automatic gain control circuit is used to maintain a constant amplitude set by a PC 
recorder. The PC was used to monitor the amplitude obtained from the control circuit and the 
voltage output proportional to the frequency. Eight sets of this system were operated in 
parallel. 

Care shall be taken in fixing the specimen on the actuator, as the vibration characteristics 
vary significantly according to the state of bonding.  

Measurements of the displacement signal and frequency-converted signal were recorded 
every 1 s by the computer’s analog signal input circuit, to observe whether or not failure had 
occurred. When the amplitude diverged by 20 % beyond the set range, it was recorded and 
the test part was judged to have failed. 

B.3 Test conditions 

The test was performed with amplitudes at 60 % to 95 % of the reference strength. The stress 
ratio was taken as -1.  
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