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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
SEMICONDUCTOR DEVICES –  

SEMICONDUCTOR DEVICES FOR ENERGY  
HARVESTING AND GENERATION –  

 
Part 5: Test method for measuring generated power  

from flexible thermoelectric 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 63830-5 has been prepared by IEC technical committee 47: 
Semiconductor devices. 

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

FDIS Report on voting 

47/2668/FDIS 47/2678/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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1 Scope 

This part of IEC 62830 specifies the test method for measuring generated electric power from 
flexible thermoelectric devices under bending conditions. This document provides terms, 
definitions, symbols, configurations, and test methods that can be used to evaluate and 
determine the performance of flexible thermoelectric devices. This document also describes 
the test conditions such as temperature, temperature difference, contact conditions, insulation 
and bending radius of flexible thermoelectric devices. This document is applicable to flexible 
energy harvesting devices for flexible semiconductor devices.  

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. 

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  
thermoelectric generator 
device that converts heat (temperature difference) directly into electrical energy, using a 
phenomenon called the Seebeck effect 

3.2  
bending radius  
minimum radius, measured to the inside curvature, of a pipe, tube, sheet, cable or hose that 
can be bent without kinking damaging it or shortening its life  

3.3  
Seebeck coefficient 
S 
magnitude of an induced thermoelectric voltage in response to a temperature difference 
across a material, and the entropy per charge carrier in the material  

[SOURCE: IEC 62830-2:2017, 3.1] 
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3.4  
thermal conductivity 
kc 
at a point fixed in a medium with a temperature field, scalar quantity kc characterizing the 
ability of the medium to transmit heat through a surface element containing that point: φ = −kc 
grad T, where φ is the density of heat flow rate and T is thermodynamic temperature 

Note 1 to entry: It appears primarily in Fourier's Law for heat conduction. This value is dependent on temperature. 
Thermal resistivity is given by the reciprocal of thermal conductivity. 

[SOURCE: IEC 60050-113:2011, 113-04-38, modified – the scalar quantity has been changed 
to kc and the notes have been replaced by Note 1.] 

3.5  
temperature difference 
Th-c 
difference between the cooling and heating sides  

3.6  
heat input 
Qhot 
measured (or calculated) input thermal energy to the thermoelectric device  

3.7  
dissipated heat 
Qcold 
measured (or calculated) dissipated thermal energy from the thermoelectric device 

4 Testing method 

4.1 General experimental apparatus 

The general principle for the test set-up to measure the amount of power generation from 
thermoelectric devices, especially focusing on flexible thermoelectric devices, is described. In 
general, the thermoelectric device generates electric energy due to the temperature 
difference between one surface of the device and the other surface. Hence, in order to 
characterize the performance of the device, the temperature of both the cooling and heating 
sides in an experimental set-up should be maintained consistently. The general schematic 
diagram of the thermoelectric device, including the experimental set-up to measure the 
generated power, is illustrated in Figure 1. An explanation about the commonly used formulas 
related to the thermoelectric device and the experimental set-up is also included. The basic 
principle of the measurement method for both rigid and flexible devices is the same but the 
experimental apparatus can be different due to the flexibility of the flexible thermoelectric 
device. In order to use the advantage of a flexible thermoelectric device as well as to 
investigate its limitations, the performance of the flexible thermoelectric device should be 
determined under the bending condition.  
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1 Heating side (Qhot) 

2 Cooling side (Qcold) 

3 Thermoelectric device for power generation 

4 Insulator 

5 Electrodes 

6 Thermoelectric materials (n: n-type semiconductor, p: p-type semiconductor) 

7 Load 

Figure 1 – General measurement apparatus 
for generated power in thermoelectric device 

As shown in Figure 1, when a temperature differential is applied across the faces of the 
thermoelectric device, it is possible to generate electrical power in the device. With no load, 
the open circuit voltage as measured between two surfaces is  

 h cV S T −= ×  (1) 

where 

V  is the output voltage from the thermoelectric generator, in V; 
S  is the average Seebeck coefficient, in V/K; 
Th-c is the temperature difference across the thermoelectric generator, in K, 

where Th-c = Th – Tc: 

Th  is the surface temperature of the hot side for the generator, in K; 
Tc  is the surfacce temperature of the cold side for generator, in K. 

When a load is connected to the thermoelectric generator, the output voltage (V) drops as a 
result of the internal generator resistance. The current through the load is 

 h-c

c L

S TI
R R
×

=
+

 (2) 
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where 

I  is the thermoelectric generator output current, in A; 
Rc is the average internal resistance of the thermoelectric device, in Ω; 
RL  is the load resistance in Ω. 

The total generated power in the device (Pg) is simply 

 gP I V= ×  (3) 

The total heat input to the thermoelectric generator (Qhot) is 

 ( ) ( ) ( )2
hot h c h-c0,5Q S T I I R K T= × × − × + ×  (4) 

where 

Qhot is the heat input, in W; 
K  is the thermal conductance of the generator, in W/K. 

The efficiency of the generator is 

 g

hot

p
Q

η =  (5) 

where 

η is the efficiency of the thermoelectric generator. 

4.2 Application to flexible thermoelectric devices 

Subclause 4.2 gives the detailed experimental apparatus for measuring the generated power 
in a thermoelectric device. It focuses on the detailed experimental apparatus for measuring 
the generated power from flexible thermoelectric devices under the bending condition. In the 
case of flexible thermoelectric devices, the main focus for the measurement is the generated 
power under the bending condition. For this purpose, an experimental apparatus to determine 
the generated power is illustrated in Figure 2 as an example. As shown in Figure 2, an 
experimental apparatus enabling power measurement under the bending condition should be 
used in the case of a flexible device. For the cooling side, cooling water, a pump, and 
controller are used to maintain the temperature which is set to the cooling side. Electrical 
heating with resistance is used to maintain the temperature of the heating side. However, the 
method for cooling and heating can be employed according to the sample size and 
temperature range.  
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1 Heating side (Qhot) 

2 Cooling side (Qcold) 

3 Flexible thermoelectric device for power generation 

Figure 2 – Experimental apparatus for generated  
power in flexible thermoelectric device 

In the case of a flexible thermoelectric device, the performance, including efficiency, can 
change according to the bending radius of curvature. Hence, different bending radiuses of 
curvature can be suggested according to the applications as shown in Figure 3. A detailed 
schematic diagram for experimental set-up is described in Clause A.1. For example, in the 
case of flexible thermoelectric devices generating power from the temperature difference 
between the human body and environmental conditions, different bending radiuses according 
to the part of the human body can be summarized in Table 1 as an example.  
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