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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
TEST METHOD FOR MECHANICAL PROPERTIES OF FLEXIBLE  
OPTO-ELECTRIC CIRCUIT BOARDS UNDER THERMAL STRESS 

 
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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC 63251 has been prepared by IEC technical committee 91: Electronics assembly technology. 
It is an International Standard. 

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

Draft Report on voting 

91/1898/FDIS 91/1914/RVD 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, or 

• revised. 

 

IMPORTANT – The "colour inside" logo on the cover page of this document 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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TEST METHOD FOR MECHANICAL PROPERTIES OF FLEXIBLE  
OPTO-ELECTRIC CIRCUIT BOARDS UNDER THERMAL STRESS 

 
 
 

1 Scope 

This International Standard defines the thermal endurance test methods for reliability 
assessment of flexible opto-electric circuit boards. The purpose of this document is to 
accommodate the uniform thermal characteristics required by the flexible opto-electric circuit in 
high temperature environments such as automobiles. In particular, this document specifies a 
test method to inspect the occurrence of colour exchange, deformation and delamination of 
flexible opto-electric circuit boards under thermal stress. 

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 60068-2-2, Environmental testing – Part 2-2: Tests – Test B: Dry heat 

IEC 60068-2-14, Environmental testing – Part 2-14: Tests – Test N: Change of temperature 

IEC 60068-2-78, Environmental testing – Part 2-78: Tests – Test Cab: Damp heat, steady state 

3 Terms and definitions 

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

ISO and IEC maintain terminology databases for use in standardization at the following 
addresses:  

• IEC Electropedia: available at https://www.electropedia.org/ 

• ISO Online browsing platform: available at https://www.iso.org/obp 

3.1  
optic circuit 
circuit that is composed of optical waveguides and can transmit optical signals 

3.2  
glass optic fibre 
GOF  
optic fibre made of glass material 

3.3  
polymer optic fibre 
POF  
optic fibre made of polymer material 

3.4  
opto-electric circuit 
O-E circuit 
circuit that contains both optic circuit and electric circuit 
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3.5  
flexible opto-electric circuit board 
FOECB 
flexible circuit board that contains both optic and electric circuits integrated into a flexible sheet  

  

NOTE Figure 1 shows an example of the top view of a flexible opto-electric circuit board. 

Figure 1 – Schematic diagram of FOECB (top view) 

4 Test method 

4.1 General 

The FOECBs shall include optical and electrical circuits on a same board. Since the materials 
used for the O-E circuits have different thermal properties from those used for the conventional 
electric circuits, the requirements for the thermal performance tests will be different between 
the two types of circuits. Thus, the thermal properties of the materials, such as glass optic fibre 
(hereafter referred as GOF), polymer optic fibre (hereafter referred as POF), polymer film, etc., 
shall be identified in advance for applications to optic circuits in the given applications. 

4.2 Test sample  

The test samples of the FOECBs consist of electric and optic film circuits. The optic circuit shall 
be positioned at the central part of the entire FOECB. An electric circuit shall be positiond at 
the periphery part of the optic circuit in a symmetrical structure. The symmetrical structure shall 
have superior characteristics in terms of size stability from the point of view of design and 
reliability of the FOECBs.  

The test samples shall be divided into two groups: a parallel array structure for multichannel 
photonic circuit test (Figure 2a)) and a round loop structure for long-distance photonic circuit 
test (Figure 2b)). If the test sample contains a fibre optic circuit, it shall have a protruded 
structure with a length of l1 at one side, and this structure shall allow an easy connection to 
another fibre with fusion splicing (or with another optical connection means). The protruded 
length l1 shall have a sufficiently long length over 10 cm for easy connections with other fibres 
(for an example, via the fibre fusion splicing). In the case of the round loop structure, the closed 
side of the test sample shall have a structure of continuous fibre bending with a bending 
diameter larger than 6 mm (Figure 2b)). The bending diameter l2 of larger than 6 mm for optic 
fibre should be maintained to minimize the optical bending loss.  

An example of the test results from measurement of the optical bending loss of an FOECB with 
the general optic glass fibre as a function of the bending radius is shown in Annex A. 

The size of the test samples can be determined from the user’s requirements. 
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a) Parallel array structure (type 1)  b) Round loop structure (type 2) 

 

Key 

1 Optic circuit 

2 Electric circuit 

Figure 2 – Schematic diagrams of the FOECB test samples of fibre type 

For each test group a minimum of three samples having the same physical conditions shall be 
prepared in the same fabrication processes. 

Details of the preparation for the FOECB test samples (optic fibre type) are shown in Annex B. 

4.3 Test process 

4.3.1 General description of the test 

In order for the FOECBs to be used in harsh environments, the thermal properties of the FOECB 
test sample shall be specified with four severe test conditions of reflow assembly simulation, 
thermal shock endurance, high temperature endurance and humidity storage. 

It is recommended to use different test samples to perform each test. 

A flow chart for each test should be as follows. The test process should be started with the 
loading of the test sample into the test chamber, and proceed in the order of preconditioning, 
test, recovery, final measurement, etc (see Figure 3). 

 

Figure 3 – Schematic diagram of the FOECB test samples of fibre type 

The thermal endurance test conditions of the test sample shall be classified as two grades 
(class 1, class 2) according to the application area (see Table 1). 
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Table 1 – Thermal endurance test class for FOECB  

Classify Temperature cycling High temperature exposure Humidity Storage 

Class 1 (harsh area) 5 cycles (−55 °C to +125 °C) Duration 1 000 h at 150 °C Duration 56 days at 85 °C, 
85 % RH 

Class 2 (room area) 5 cycles (−40 °C to +82 °C) Duration 1 000 h at 82 °C Duration 12 h at 85 °C, 85 % 
RH 

 

4.3.2 Preconditioning 

The test sample shall be at the ambient temperature of the laboratory, +25 °C ± 5 K. If required 
by the relevant specification, the test sample shall be brought into the operating conditions.  

4.3.3 Test 

4.3.3.1 Reflow assembly simulation test 

The reflow assembly simulation test conditions (260 °C, 20 s to 30 s, 2 cycles to 3 cycles) for 
the FOECB test samples follow the detailed guidelines given in IPC-TM-650 2.6.27.  

4.3.3.2 Thermal shock endurance test  

The thermal shock endurance test conditions for the FOECB test samples shall follow the 
detailed guidelines (test Na) given in IEC 60068-2-14. 

The preferred number of test cycles shall be five with 30 min at extreme temperature of the 
technical data sheet, unless otherwise specified in the relevant specification.   

4.3.3.3 High temperature endurance test 

The high temperature endurance test conditions for the FOECB test samples shall follow the 
detailed guidelines given in IEC 60068-2-2. 

The preferred number of test cycles shall be 1 000 h at extreme temperature of the technical 
data sheet, unless otherwise specified in the relevant specification.  

4.3.3.4 Humidity storage test 

The humidity storage test conditions for the FOECB test samples shall follow the detailed 
guidelines given in IEC 60068-2-78. 

The preferred test durations are 12 h, 16 h, 24 h, 2 d, 4 d, 10 d, 21 d or 56 d at humidity storage 
condition (85 °C, 85 %RH). 

4.3.4 Recovery  

At the end of the test cycle, the test samples shall remain in the standard atmospheric conditions 
for testing for a period adequate for the attainment of temperature stability. 

The duration of recovery shall be 24 h ± 2 h at room temperature conditions.  
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4.3.5 Final measurements 

When the thermal test for the test samples is completed, the following additional tests should 
be carried out to check any changes in their characteristics: 

– identification of changes in the mechanical properties; 
– after the thermal endurance test for the test samples, any appearance change, such as 

colour change, deformation, and delamination, of the test samples can be checked visually 
first; 

– the delamination can be checked by polishing the cross section of the test samples and by 
performing microscopic examination on the polished sections; 

– finally, the flexibility of the test samples should be checked according to the methods 
described in the bending test (IEC 62496-3-1), the MIT test (ISO-5626), and the folding 
flexible cable (IPC-TM-650 2.4.31). 

Annex C shows an example of the simulation test results for the reflow assembly of an FOECB 
test sample. 

Annex D shows an example of the high temperature endurance test results for an FOECB test 
sample. 

Annex E shows an example of the humidity storage test results for an FOECB test sample. 

5 Report 

a) test sample ............................................................................................ (size and number) 
b) customer ............................................................................................ (name and address) 
c) test laboratory ............................ (name and address and details of accreditation – if any) 
d) test dates .................................................................................. (dates when test was run) 
e) type of test .................................... (reflow assembly simulation, themal shock endurance, 
  ................................................................. high temperature endurance, humidity storage) 
f) test standard, edition ................................................................. (IEC 63251, edition used) 
g) any variations/deviation from the sample ................................................... (change or not) 
h) test sample description .................................... (drawing, photo, quantity build status, etc.) 
i) any variation from the defined test method ................................................ (change or not) 
j) performance of test sample ...................................................... (results of functional tests, 
  ...................................................... optic & electric properties, mechanical properties etc.) 
k) summary of test ......................................................................................... (test summary) 
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Annex A 
(informative) 

 
Example of optical bending loss test results 

with general glass optic fibres  

The results of the optical bending loss measurement of an FOECB test sample with embedded 
standard multi-mode fibres (as referred to in the IEC 60793-2 series) are described below (see 
Figure A.1):  

– optical loss increases with reduced bending diameter; 
– bending diameter l3 shall have a folding range above 5 mm for the optical loss free (see 

Figure A.2). 

  

a) Schematic diagram for bending test b) Photograph of the experimental demonstration 

 

Key 

1 O-E circuit board 

2 Optic fibre (MM) 

Figure A.1 – Bending loss test setup 

  

Figure A.2 – Optical loss versus bending diameter 
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Annex B 
(informative) 

 
Example of preparation method of O-E circuit test samples 

(optic fibre type) 

B.1 General 

The FOECB test samples are prepared in a sheet shape first. Then, several test samples are 
formed on the sheet in an arrayed structure, each having the same size (see Figure B.1). Once 
the test sample arrays are produced on one sheet during one batch process, all the test samples 
are expected to have uniform mechanical structures and material characteristics. Therefore, 
the samples can show the uniform measurement properties for the thermal endurance test. 

  

a) Arrayed test sample b) Photograph picture of test sample 

 

Figure B.1 – Arrayed structure of the FOECB test samples formed on one sheet 

In general, the FOECB test samples can be fabricated with two types of optical waveguides, 
optic fibre and optical polymer waveguide.  

B.2 Manufacturing processes of the FOECBs with optic fibres (POF, GOF) 

The FOECBs of the optic fibre-type are fabricated with a lamination process in which an optic 
fibre is inserted into a polyimide (PI) film of an existing electric circuit structure (see 
Figure B.2a)).  
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