
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC 62047-28 
Edition 1.0 2017-01 

INTERNATIONAL 
STANDARD 
 

Semiconductor devices – Micro-electromechanical devices –  
Part 28: Performance testing method of vibration-driven MEMS electret energy 
harvesting devices 
 

 
 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

 
 

ICS  31.080.99 

 

ISBN 978-2-8322-3819-6 
 

  
  

® Registered trademark of the International Electrotechnical Commission 

® 
 

   Warning! Make sure that you obtained this publication from an authorized distributor. 

 

colour
inside



 – 2 – IEC 62047-28:2017  IEC 2017 

CONTENTS 

FOREWORD ........................................................................................................................... 3 
1 Scope .............................................................................................................................. 5 
2 Normative references ...................................................................................................... 5 
3 Terms and definitions ...................................................................................................... 5 
4 Vibration testing equipment ............................................................................................. 5 

4.1 General ................................................................................................................... 5 
4.2 Vibration exciter ...................................................................................................... 6 
4.3 Mounting bracket .................................................................................................... 6 
4.4 Vibration or acceleration detector ........................................................................... 6 
4.5 Output detector ....................................................................................................... 7 
4.6 Data recorder .......................................................................................................... 7 

5 Vibration-driven MEMS energy harvesting devices for testing .......................................... 7 
5.1 General ................................................................................................................... 7 
5.2 Electrical output ...................................................................................................... 7 

6 Test conditions ................................................................................................................ 7 
6.1 Vibration frequency ................................................................................................. 7 
6.2 Vibration acceleration ............................................................................................. 7 
6.3 Waveform ............................................................................................................... 7 
6.4 External load........................................................................................................... 7 
6.5 Testing time ............................................................................................................ 7 
6.6 Test environment .................................................................................................... 8 

7 Measuring procedures ..................................................................................................... 8 
7.1 General ................................................................................................................... 8 
7.2 Vibration frequency response .................................................................................. 8 
7.3 Vibration acceleration response .............................................................................. 8 
7.4 Measuring conditions and electric characteristics of the external load ..................... 8 

8 Test report ....................................................................................................................... 8 
Annex A (informative)  Example of measurement for electret energy harvester ..................... 10 

A.1 General ................................................................................................................. 10 
A.2 Numerical model of electret energy harvester ....................................................... 10 
A.3 An example of in-plane electret energy harvester with comb drives ....................... 14 
A.4 Experimental setup and procedure ........................................................................ 15 
A.5 Experimental result ............................................................................................... 16 

Bibliography .......................................................................................................................... 17 
 
Figure 1 – Testing equipment for vibration driven  MEMS electret energy harvesting 
devices ................................................................................................................................... 6 
Figure A.1 – Basic configuration of in-plane electret energy harvester .................................. 11 
Figure A.2 – Alternative configuration of in-plane electret energy harvester with 
patterned electrets and electrodes ........................................................................................ 13 
Figure A.3 – In-plane electret energy harvester with comb drives .......................................... 14 
Figure A.4 – In-plane electret energy harvester  with comb drives mounted onto a PC 
board .................................................................................................................................... 14 
Figure A.5 – Output detector for electret energy harvester .................................................... 15 
Figure A.6 – Experimental results ......................................................................................... 16 



IEC 62047-28:2017  IEC 2017 – 3 –  

INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
SEMICONDUCTOR DEVICES –  

MICRO-ELECTROMECHANICAL DEVICES –  
 

Part 28: Performance testing method of vibration-driven  
MEMS electret energy harvesting devices 

 
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 62047-28 has been prepared by subcommittee 47F: Micro-
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/266/FDIS 47F/271/RVD 

 
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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1 Scope 

This part of IEC 62047 specifies terms and definitions, and a performance testing method of 
vibration driven MEMS electret energy harvesting devices to determine the characteristic 
parameters for consumer, industry or any application.  

This document applies to vibration driven electret energy harvesting devices whose 
electrodes with a gap below 1 000 μm are covered by dielectric material with trapped charges 
and are fabricated by MEMS processes such as etching, photolithography or deposition. 

2 Normative references 

There are no normative references in this document. 

3 Terms and definitions 

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

3.1  
vibration frequency 
frequency of the periodic motion of vibration-driven MEMS electret energy harvesting devices 

3.2  
vibration acceleration  
acceleration applied to the vibration-driven MEMS electret energy harvesting devices  

3.3  
amplitude 
maximum displacement in movement of the vibration-driven MEMS electret energy harvesting 
devices 

3.4  
vibration direction 
direction of vibration applied to the vibration-driven MEMS electret energy harvesting device 

4 Vibration testing equipment 

4.1 General 

Figure 1 provides fundamental configurations consisted of functional blocks or components for 
vibration testing equipment for MEMS electrets energy harvesting devices at a specified 
constant frequency and constant acceleration. Details of the functional blocks or components 
named as the keys are provided in the following 4.2 to 4.5. 

 




