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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
SEMICONDUCTOR DEVICES – SEMICONDUCTOR DEVICES  

FOR ENERGY HARVESTING AND GENERATION –  
 

Part 1: Vibration based piezoelectric energy harvesting 
 

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 62830-1 has been prepared by IEC technical committee 47: 
Semiconductor devices. 

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

FDIS Report on voting 

47/2341/FDIS 47/2366/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 62830 series, published under the general title Semiconductor 
devices – Semiconductor devices for energy harvesting and generation, 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. 

 

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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SEMICONDUCTOR DEVICES – SEMICONDUCTOR DEVICES  
FOR ENERGY HARVESTING AND GENERATION –  

 
Part 1: Vibration based piezoelectric energy harvesting 

 
 
 

1 Scope 

This part of IEC 62830 defines terms, definitions, symbols, configurations, and test methods 
that can be used to evaluate and determine the performance characteristics of vibration based 
piezoelectric energy harvesting devices for practical use. This document is applicable to 
energy harvesting devices for consumer, general industries, military and aerospace 
applications without any limitations on device technology and size. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content 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 amendments) applies. 

IEC 60749-5:2003, Semiconductor devices – Mechanical and climatic test methods – Part 5: 
Steady-state temperature humidity bias life test 

IEC 60749-12:2002, Semiconductor devices – Mechanical and climatic test methods – Part 12: 
Vibration, variable frequency 

3 Terms and definitions 

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

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 

3.1 General terms 

3.1.1  
vibration 
mechanical oscillation 

3.1.2  
vibration based energy harvester 
energy transducer that transforms vibration energy into electric energy 

Note 1 to entry: A vibration based energy harvester to convert vibration to electricity by using piezoelectric 
transducers comprises an inertial mass, spring, and piezoelectric transducer as shown in Figure 1. The 
piezoelectric transducer contains the two electrodes and a piezoelectric film. The induced vibration introduces the 
reciprocating motion to the mass. The spring which suspends the mass bends and the bending of the spring 
introduces tensile and compression of the piezoelectric film. The top and bottom electrodes of the piezoelectric film 
harvest charges generated from the piezoelectric effect. 
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Note 2 to entry: A vibration based energy harvester is represented as shown in Figure 2. It is configured by mass, 
spring, damping, and piezoelectric transducer. The piezoelectric transducer consumes and transforms the kinetic 
energy of oscillated proof mass. Therefore, the piezoelectric transducer is generally viewed as damping. 

R

A(t)

Fixed to substrate

Air-to-solid 
interface

Air-to-solid 
interface

3

2

1

L+

L-

 
IEC 

 

Key  

Configuration of energy harvester Components to operate an energy harvester 

1 piezoelectric film which is a body layer of a 
piezoelectric transducer for energy harvesting 

A(t) vibration which is mechanically induced 
oscillation to fixed substrate to vibrate the 
mass of the energy harvester 

2 spring to couple the induced vibration to the mass 
by suspending it 

R external load 

3 inertial mass to introduce mechanical motion 
coupling from induced vibration 

L+, L- output of energy harvester 

Figure 1 – A vibration based energy harvester using cantilever with piezoelectric film 
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PZ

A(t)
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Key  

Configuration of energy harvester  

ksp spring constant m effective mass 

bm damping coefficient PZ piezoelectric transducer 

A(t) input vibration   

Figure 2 – Conceptual diagram of a vibration  
based piezoelectric energy harvester 

3.1.3  
mass-spring-damping system 
system using effective mass, spring and damper to derive motion 

3.1.4  
effective mass 
m 
quantitative measure suspended by a spring to obtain kinetic energy by means of induced 
acceleration 

3.1.5  
spring 
elastic object to store mechanical energy with spring constant, ksp 

3.1.6  
parasitic damping 
effect that reduces the acceleration of an oscillated object with damping coefficient, bm 

3.2 Piezoelectric transducer 

3.2.1  
piezoelectric transducer 
energy converter to generate electricity from mechanical energy by means of piezoelectric 
effect 
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3.2.2  
piezoelectric effect 
effect by which a mechanical deformation of piezoelectric material produces a proportional 
change in the electric polarization of that material 

3.2.3  
piezoelectric constant 
d 
quantifying value of the polarization in the piezoelectric material on application of a stress 

3.2.4  
electromechanical coupling coefficient 
k 
value that describes the conversion rate of electrical energy to mechanical energy or vice 
versa 

Note 1 to entry: The coefficient is a combination of elastic, dielectric and piezoelectric constants which appears 
naturally in the expression of a piezoelectric transducer. 

 
ε

2Edk =    (1) 

where 

E is Young’s modulus, 

d is the piezoelectric constant, and 

ε is the dielectric constant 

3.2.5  
capacitance 
Cp 
capacitance between two electrodes of a piezoelectric transducer 

3.3 Characteristic parameters 

3.3.1  
equivalent circuit 
<vibration based piezoelectric energy harvester> electrical circuit which has the same output 
voltage from induced vibration as a piezoelectric vibration energy harvester in the immediate 
neighbourhood of resonance 

Note 1 to entry: A vibration based piezoelectric energy harvester can be divided into mechanical and electrical 
parts as shown in Figure 3. The mechanical part consists of series elements m, ksp, bm, and a transformer. m, ksp, 
and bm represent the effective mass, spring constant, damping coefficient, and piezoelectric effect to convert 
mechanically induced strain to electrical charge density with coupling coefficient k. The electrical part comprises 
parallel connected Cp, R, and transformer. Cp represents the capacitance between two electrodes of the 
piezoelectric transducer and R is the external load. 
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m ksp bm

A(t) Cp R

k

Mechanical part Electrical part  
IEC 

 

Key  

Mechanical part Electrical part 

m effective mass Cp capacitance of piezoelectric transducer 

ksp spring constant R external load 

bm damping coefficient k electromechanical coupling coefficient 

A(t) induced vibration   

Figure 3 – Equivalent circuit of a vibration based piezoelectric energy harvester 

3.3.2  
resonant frequency 
fo 
lowest frequency of the induced vibration of the energy harvester to generate largest output 
power: 

 
m

k
f sp
o 2

1
p

=  (2) 

3.3.3  
bandwidth 
fBW 
separation of frequencies between which the output power is equal to or larger than a 
specified value 

3.3.4  
open circuit voltage 
V 
electrical potential difference relative to a reference node of an energy harvester when there 
is no external load connected to the terminal of the energy harvester 

3.3.5  
output power 
P 
electrical power transferred to the external load connected to the terminal of an energy 
harvester 

3.3.6  
output current 
I 
current through the external load connected to the terminal of an energy harvester 
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3.3.7  
optimal load 
Ropt 
specified value of the external load for transferring the largest electrical energy from the 
energy harvester 

3.3.8  
settling time 
τ 
time necessary for the measured output signal to reach a specified value in the transient 
response 

3.3.9  
temperature range 
range of temperatures as measured on the enclosure over which the energy harvester will not 
sustain permanent damage though not necessarily functioning within the specified tolerances 

3.3.10  
input vibration 
range of accelerations of induced vibration to the energy harvester as measured on the 
enclosure over which the energy harvester will not sustain permanent damage though not 
necessarily functioning within the specified tolerances 

4 Essential ratings and characteristic parameters 

4.1 Identification and type 

The vibration energy harvester shall be clearly and durably marked in the order given below: 

a) year and week (or month) of manufacture; 
b) manufacturer’s name or trademark; 
c) terminal identification (optional); 
d) serial number; 
e) factory identification code (optional). 

4.2 Limiting values and operating conditions 

Characteristic parameters should be listed as shown in Table 1. The manufacturer shall 
clearly announce the operating conditions and their limitation for energy harvesting. Limiting 
value is the maximum induced vibration to ensure the operation of vibration energy harvester 
for power generation without any damage. 

Table 1 – Specification parameters for vibration  
based piezoelectric energy harvesters 

Parameter Symbol Min. Max. Unit Measuring 
conditions 

Insert name of 
characteristic 
parameters 

     

 

4.3 Additional information 

Some additional information should be given such as equivalent circuits (resonant frequency, 
internal impedance, frequency response, output voltage and power, etc.), handling 
precautions, physical information (outline dimensions, terminals, etc.), accessories, 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62830-1:2017
https://standards.iteh.ai/catalog/standards/sist/24f17d22-21c1-42dd-8f28-

a70a2ad9e38c/iec-62830-1-2017


	[ÒwØ�¢�s˝Ü�â�	_�õìš~åcÉqœs÷h+|CFö‰/−cÉx-8ÝÛ¯�Ë�N#^M¤—ªOı˜ÅµÜß\�°*9Ł¬1á§Ó

