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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
TEST METHODS FOR ELECTRICAL MATERIALS, PRINTED BOARDS AND 

OTHER INTERCONNECTION STRUCTURES AND ASSEMBLIES – 
 

Part 3-301: Test methods for interconnection structures (printed boards) – 
Appearance inspection method for plated surfaces on PWB 

 
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. 

The main task of IEC technical committees is to prepare International Standards. In 
exceptional circumstances, a technical committee may propose the publication of a technical 
specification when 

• the required support cannot be obtained for the publication of an International Standard, 
despite repeated efforts, or 

• the subject is still under technical development or where, for any other reason, there is the 
future but no immediate possibility of an agreement on an International Standard. 

Technical specifications are subject to review within three years of publication to decide 
whether they can be transformed into International Standards. 

IEC TS 61189-3-301, which is a technical specification, has been prepared by IEC technical 
committee 91: Electronics assembly technology. 
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The text of this technical specification is based on the following documents: 

Enquiry draft Report on voting 

91/1348/DTS 91/1376/RVC 

 
Full information on the voting for the approval of this technical specification 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. 

A list of all parts in the IEC 61189 series, published under the general title Test methods for 
electrical materials, printed boards and other interconnection structures and assemblies, 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 website under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be 

• transformed into an International standard, 

• 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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TEST METHODS FOR ELECTRICAL MATERIALS, PRINTED BOARDS AND 
OTHER INTERCONNECTION STRUCTURES AND ASSEMBLIES – 

 
Part 3-301: Test methods for interconnection structures (printed boards) – 

Appearance inspection method for plated surfaces on PWB 
 
 
 

1 Scope 

This part of IEC 61189 outlines a way to determine the appearance non-uniformity of both the 
lustre and colour on plated metal surfaces in printed wiring boards (PWBs). The method is 
applicable to gold, nickel and copper plating in PWBs. 

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  
lustre non-uniformity 
abnormal roughness distribution in plated surfaces leading to irregular brightness of reflected 
light 

3.2  
colour non-uniformity 
irregular reflection spectrum 

Note 1 to entry: Colour non-uniformity is caused by other influences than roughness change, such as abnormal 
components, adhesion of foreign matter and oxidation in plated surfaces. 

4 Test specimens 

4.1 Specimen dimensions and forms should be in accordance with the test system. 

4.2 Specimens of non-defective and of defective products, of several tens to one hundred, 
at least of ten, are required as teacher data for each series of evaluation. 

5 Equipment / apparatus 

5.1 Evaluation of lustre non-uniformity 

For the evaluation of the lustre non-uniformity, a test system capable of measuring the 
surface roughness distribution should be used. As for an optical method, CCD (charge-
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coupled device), or CMOS (complementary metal oxide semiconductor) camera systems, or 
as for a mechanical method, stylus type tester shall be used, respectively. 

5.2 Evaluation of colour non-uniformity 

For the evaluation of the colour non-uniformity, an optical system capable of measuring the 
chromaticity distribution shall be used. 

6 Procedure 

6.1 Outline of the method 

The method is outlined by the flow chart in Figure 1. 

 

The numbers indicate the subclause references. 

Figure 1 – Flow chart of the test procedure 

In this method, the procedures of the evaluation of lustre non-uniformity and colour non-
uniformity are basically the same. 

6.2 Specimen preparation 

Requirements for specimens are specified in Clause 4. 

6.3 Imaging of surface roughness/chromaticity distribution 

Acquire the images of surface roughness for the lustre non-uniformity, and/or of chromaticity 
distribution for the colour non-uniformity, by the apparatus / equipment mentioned in Clause 5. 

6.4 Binarization of images 

Obtain the binary images by the threshold processing. The region giving values significantly 
deviating from the average value of the whole image concerned is counted to be 1 (white 
pixels) as abnormal, and the others to be 0 (black pixels) as normal. 

I E C  

6 .2  Spec imen p repara t i on  

6 .3  Imag ing  o f  su r face  roughness /  
ch romat ic i t y  d is t r i bu t i on  

6 .4  B ina r i z ing  o f  images  

6 .5  Ex t rac t i on  o f  fea tu re  quan t i t i es  

6 .6  Der i va t i on  o f  d isc r im inan t  func t i on  

6 .7  Sys tem reg is t ra t i on  
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The threshold setting should be agreed upon between the parties. 

6.5 Extraction of feature quantities 

Extract the feature quantities of abnormal regions from the binarized images by image 
analysis of the size, area, shape, and distribution, etc. of the irregularities. 

For example, the diagonal length of the minimum rectangles bounding the clusters of 
abnormal regions, and change in the number of pixels by the binary image contraction of 
repetition can be used as feature quantities. 

The type and number of feature quantities to be used should be agreed upon between the 
parties. 

6.6 Derivation of discriminant function 

Discriminant analysis shall be performed using the feature quantities extracted from 
specimens of non-defective and defective products as indicated in 6.5 as the teacher data to 
split into two groups. 

The linear discriminant function is expressed by Equation (1): 

  ++++++= ii XaXaXaXaaZ 3322110  (1) 

where 
Z is the discriminant score; 
a0 is a constant; 
i (subscript) indicates the dimensions of the discriminant function; 
ai is the discriminant coefficient as weighting factor for the separation of test specimens of 

teacher data into the two groups, non-defective and defective; 
Xi is the frequency of feature quantities taken into consideration. 

Equation (1) is defined to distinguish the group of non-defective specimens from the group of 
defective specimens by the value Z, which is respectively set to be positive for non-defective 
and negative for defective specimens by adjusting ai, and a0. 

If necessary, the type of non-linear discriminant function based on Mahalanobis' generalized 
distance, D2 may also be used. 

The type of the discriminant function to be used can be agreed upon between the parties. 

6.7 System registration 

The resulting discriminant function shall be registered to the test system to perform evaluation 
of unknown specimens. 

For the unknown specimen, the value of Z shall be calculated using the registered function, 
which is defined by Equation (1) in advance in the linear discriminant analysis. 

From the values of Z obtained, the quality of the unknown specimen can be estimated. 

In case of a non-linear discriminant function, the values of D2 shall be used for the estimate of 
unknown specimens. 
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 – 8 – IEC TS 61189-3-301:2016  IEC 2016 

7 Report 

7.1 Report the specimen numbers of both non-defective and defective products used as the 
teacher data. 

7.2 Report the apparatus / equipment information for capturing images of plated surfaces in 
the tested specimens. 

7.3 Report the value of threshold for the binarizing images. 

7.4 Report the type, stepping width, and range of the feature quantities extracted from the 
binarized images. 

7.5 Report the discriminant function derived for evaluation of the tested specimens. 

8 Additional information 

8.1 An optical method based on the polarization analysis and image recognition has been 
proposed from AIST, Japan, and a powerful camera system that can observe both a lustre 
irregularity and uneven colouring at the same time has been developed. 

8.2 Examples of the equipment and tested results are shown in Annex A and Annex B. 
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Annex A 
(informative) 

 
Example of equipment and tested result for lustre non-uniformity 

A.1 Equipment for lustre non-uniformity inspection 

Figure A.1 shows the test equipment prototyped for the lustre non-uniformity. 

 

Figure A.1 – Equipment prototype 

The incident light that illuminated the sample was linearly polarized and tilted at 45° to have 
the ratio of 1/1 for the S-/P-polarized components. The reflected light was separated by a half 
mirror and passed the S and P polarizers for independent imaging by the CCD camera. In 
order to obtain distribution images of the surface roughness, the CCD images captured were 
analyzed by comparing each pixel of the images of the S- and P-polarized components. 

Mapping of the surface roughness according to the pixel size can be achieved using this 
method. 

A.2 Tested result 

A.2.1 Surface roughness image 

Figure A.2 shows the examples of images of gold-plated pads of non-defective (see a to c) 
and defective products (see d to l) with various types of lustre non-uniformity in PWBs, 
captured by a CCD camera. 

Figure A.3 shows the example of surface roughness images analyzed by the equipment of 
Figure A.1 for gold plating of defective specimens with lustre non-uniformity. Images of S-
polarized (see a, d, g), P-polarized (see b, e, h) components, and Ψ’(see c, f, i), calculated 
from the ratio of S- to P-polarized components indicate the surface roughness distribution for 
gold-plating with lustre non-uniformity in PWBs. 

IEC 

Half mirror 

Mirror 

Polarizer 

Polarizer 

LED (red) Specimen 

CCD LENZ 
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Figure A.2 – Images of gold-plating of non-defective and defective products 
IEC 
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Figure A.3 – Images of S- and P-polarized components, 
and Ψ’ for gold-plating with lustre non-uniformity 

A.2.2 Binarized image and feature extraction 

Figure A.4 a) shows an example of a binarized image of abnormal portions in the series of 
specimens shown in Figure A.2 and Figure A.3. The threshold for binarization is set as 
follows: regions giving values within ±10 % of the average value are classified as normal, and 
those beyond this limit are counted as abnormal (white pixels). 

Figure A.4 b) shows an example of extraction of feature quantities of abnormal portions using 
the minimum rectangles bounding the clusters of white pixels. The diagonal length of the 
minimum rectangles is defined as the feature quantity, expressed as Li. 

 

Figure A.4 a) – Binarized image Figure A.4 b) – Feature quantity 

Figure A.4 – Image examples of gold-plating with lustre non-uniformity 

IEC 

IEC 

Li 

(b) (a) 
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A.2.3 Frequency analysis of feature quantities 

Figure A.5 shows an example of a frequency analysis of the feature quantities of gold-plating 
Li to obtain each frequency, Xi. 

 

Figure A.5 – Example of frequency analysis of feature quantity 

A.2.4 Final estimate 

Figure A.6 shows an example of the linear discriminant analysis result using specimens of 
gold-plating of non-defective and defective products as the teacher data to determine the 
quality of the object specimens corresponding to boundary specimens. 

 

Figure A.6 – Example of the final estimate of the quality of gold-plating 

As shown in Figure A.6, Z of a non-defective product takes a value above 0, in the range +5 
to +12. In contrast, Z of a defective product takes a value below 0, in the range –2 to –16. 
Using this function, Z of an unknown (object) specimen is evaluated to be 7, and this result 
estimates the specimen as non-defective, and the judgment agrees with that obtained by 
visual inspection. 

In this way, the criteria for acceptability can be provided using the discriminant function. As a 
result, objective determination and classification criteria can be obtained for the digitization of 
the lustre non-uniformity of gold plating. 
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Annex B 
(informative) 

 
Example of tested result for colour non-uniformity inspection 

B.1 Image analysis of colour non-uniformity 

Colour non-uniformity has been analyzed using the ratios of different colour signal settings 
such as green to red (G/R), blue to green (B/G), and red to blue (R/B) in images captured by 
a CCD camera for gold-plating pads in defective specimens of PWB. 

Figure B.1 shows an example of a result of colour non-uniformity analysis using the ratio of 
G/R, which gives the clearest change (comparing to the ratios of B/G and R/B in this 
experiment). 

The images of Figure B.1 display the following gold-plating pads (500 μm × 500 μm) 

a) colour non-uniformity, 
b) the magnified view, 
c) and the colour distribution in G/R, with the signal intensity ratio of green to red, as a 

function of pixel position in a CCD camera. 

 

Figure B.1 – Images of gold-plating pads 

Figure B.2 shows the examples of images of G/R and threshold images for the same 
specimen as shown in Figure B.1. In Figure B.2 b), the regions detected as colour non-
uniformity are marked in red. 

IEC 

G
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Figure B.2 a) – G/R colour distribution Figure B.2 b) – Threshold images 

Figure B.2 – Images of colour distribution 

B.2 Feature extraction and discriminant analysis 

Figure B.3 shows an example of frequency analysis result of the feature quantity extracted 
from gold-plating with colour non-uniformity as shown in Figure B.2. For the feature quantity, 
the number of times that the images were contracted is used to count the numbers of pixels 
remaining in the resulted images. This extracting method is found to be suitable comparing to 
the method using the length of diagonals in roughness mode irregularities shown in 
Figure A.4 b). The classification of the quality has been performed by visual inspection of 
skilled testers in advance. 

Figure B.3 illustrates an example of a frequency analysis of the feature quantity of gold-
plating in non-defective (No.1-84) and defective specimens (No.85-105) with colour non-
uniformity. For the feature quantity, the number of times that the images were contracted is 
used to count the numbers of pixels remaining in the resulting images. 

 

Figure B.3 – Frequency analysis example of a feature quantity 
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