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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 

 
FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  National  Commi ttees) .  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern ing  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternati onal  S tandards,  Techn ica l  Speci fi cati ons,  
Techn ica l  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC 
Publ i cati on (s)” ).  The i r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  sub ject deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen tal  and  non -
governmen ta l  organ izati ons  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternational  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement between  the  two  organ izati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati onal  Commi ttees.  

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati ona l  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is in terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternational  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t possi b l e  i n  thei r nati onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or reg ional  pub l i cati on  shal l  be  cl earl y i nd i cated  i n  
the  l a tter.  

5)  I EC  i tse l f d oes  not  provi de  any attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  conform i ty 
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsibl e  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

6)  Al l  u sers  shou l d  ensu re  that  they have  the  l atest ed i ti on  of th i s  publ i cati on .  

7)  N o  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i n cl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i n d i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cati on ,  use  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.  

8)  Atten tion  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd i spensabl e  for the  correct appl i cati on  of th i s  pub l i cati on .  

9)  Atten ti on  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  sub ject  of 
paten t ri gh ts .  I EC  shal l  not  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

The  main  task of I EC techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  commi ttee  may propose  the  publ ication  of a  techn ical  
speci fication  when  

•  the  requ i red  support cannot be  obtained  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subject i s  sti l l  under techn ical  development or where,  for any other reason ,  there  i s  the  
fu ture  bu t no  immed iate  possibi l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subject to  review wi th in  th ree  years  of publ ication  to  decide  
whether they can  be  transformed  i n to  I n ternational  Standards.  

I EC  TS  61 1 89-3-301 ,  wh ich  i s  a  techn ical  speci fi cation ,  has  been  prepared  by I EC  techn ical  
commi ttee  91 :  E lectron ics  assembly technology.  
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The  text of th is  techn ical  speci fication  i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

91 /1 348/DTS  91 /1 376/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  speci fication  can  be  found  in  
the  report on  voting  i nd icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  

A l i st  of a l l  parts  i n  the  I EC  61 1 89  series,  publ i shed  under the  general  ti tl e  Test methods for 
electrical materials,  printed boards and other interconnection structures and assemblies,  can  
be  found  on  the  IEC  websi te.  

The  commi ttee  has  decided  that the  conten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  ind icated  on  the  I EC  websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
related  to  the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be  

•  transformed  i n to  an  I n ternational  standard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at a  l ater date.  

 

IMPORTANT – The  'colour inside'  logo on  the  cover page of th is  publ ication  ind icates  
that  i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understanding  of i ts  contents.  Users  shou ld  therefore  print  th is  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 

Th is  part of I EC  61 1 89  ou tl ines  a  way to  determine  the  appearance  non-un i formi ty of both  the  
l ustre  and  colour on  p lated  metal  surfaces  i n  prin ted  wi ri ng  boards  (PWBs).  The  method  i s  
appl icable  to  gold ,  n ickel  and  copper p lating  i n  PWBs.  

2  Normative references  

There  are  no  normative  references  in  th is  document.  

3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i tions  apply.  

I SO  and  I EC  main tain  terminolog ical  databases  for use  i n  standard ization  at the  fol lowing  
addresses:  

•  I EC  Electroped ia:  avai lable  at h ttp: //www.electroped ia. org/   

•  I SO  On l ine  browsing  platform:  avai lable  at h ttp: //www. iso.org/obp  

3.1   
l ustre  non-uniformity 
abnormal  roughness  d istribu tion  i n  plated  surfaces  l ead ing  to  i rregu lar brigh tness  of reflected  
l i gh t 

3.2   
colour non-uniformity 
i rregu lar reflection  spectrum  

Note  1  to  en try:  Col ou r non -un i form i ty i s  caused  by other i n fl uences  than  roughness  change,  such  as  abnormal  
componen ts,  adhesion  of foreign  matter and  oxi dati on  i n  p l ated  su rfaces .  

4 Test specimens  

4.1  Specimen  d imensions  and  forms  shou ld  be  i n  accordance  wi th  the  test system.  

4.2  Specimens  of non-defective  and  of defective  products,  of several  tens  to  one  hundred ,  
at  l east of ten ,  are  requ i red  as  teacher data  for each  series  of evaluation .  

5 Equ ipment / apparatus  

5.1  Evaluation  of lustre  non-uniformity 

For the  evaluation  of the  l ustre  non-un i formi ty,  a  test system  capable  of measuring  the  
su rface  roughness  d istribu tion  shou ld  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  mechan ical  method ,  stylus  type  tester shal l  be  used ,  respectively.  

5.2  Evaluation  of colour non-un iformity 

For the  evaluation  of the  colour non-un i formi ty,  an  optical  system  capable  of measuring  the  
chromatici ty d istribu tion  shal l  be  used .  

6 Procedure 

6.1  Outl ine  of the  method  

The  method  i s  ou tl i ned  by the  flow chart i n  F igure  1 .  

 

The  numbers  i nd i cate  the  subcl ause  references.  

Figure  1  – Flow chart of the  test procedure  

I n  th is  method ,  the  procedures  of the  evaluation  of l ustre  non-un i formi ty and  colour non-
un i formi ty are  basical l y the  same.  

6.2  Specimen  preparation  

Requ i rements  for specimens  are  speci fied  i n  Clause  4 .  

6.3  Imaging  of surface  roughness/chromatici ty d istribution  

Acqu ire  the  images  of surface  roughness  for the  l ustre  non-un i formi ty,  and /or of chromatici ty 
d istribu tion  for the  colour non-un i formi ty,  by the  apparatus  / equ ipment mentioned  i n  Clause  5.  

6.4 Binarization  of images  

Obtain  the  binary images  by the  threshold  processing .  The  reg ion  g iving  values  s ign i ficantly 
deviati ng  from  the  average  value  of the  whole  image  concerned  i s  coun ted  to  be  1  (wh i te  
p ixels)  as  abnormal ,  and  the  others  to  be  0  (b lack p ixels)  as  normal .  

IEC  

6 . 2  S p e c i m e n  p re p a ra t i o n  

6 . 3  I m a g i n g  o f  s u r fa ce  ro u g h n e s s /  
c h rom a t i c i t y  d i s t r i b u t i o n  

6 . 4  B i n a r i z i n g  o f  i m a g e s  

6 . 5  E x t ra c t i o n  o f  fe a t u re  q u a n t i t i e s  

6 . 6  D e r i va t i o n  o f  d i s c r i m i n a n t  fu n c t i o n  

6 . 7  S ys tem  re g i s t ra t i o n  
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The  th reshold  setting  shou ld  be  agreed  upon  between  the  parties.  

6.5 Extraction  of feature  quanti ties  

Extract the  featu re  quan ti ties  of abnormal  reg ions  from  the  b inarized  images  by image  
analysis  of the  s ize,  area,  shape,  and  d istribu tion ,  etc.  of the  i rregu lari ties.  

For example,  the  d iagonal  l ength  of the  m in imum  rectang les  bound ing  the  cl usters  of 
abnormal  reg ions,  and  change  in  the  number of p ixels  by the  b inary image  con traction  of 
repeti tion  can  be  used  as  feature  quan ti ties.  

The  type  and  number of feature  quan ti ties  to  be  used  shou ld  be  agreed  upon  between  the  
parties.  

6.6  Derivation  of d iscriminant function  

Discrim inan t analysis  shal l  be  performed  using  the  feature  quan ti ti es  extracted  from  
specimens  of non-defective  and  defective  products  as  i nd icated  i n  6 . 5  as  the  teacher data  to  
spl i t  i n to  two  groups.  

The  l i near d iscrim inant function  i s  expressed  by Equation  (1 ):  

  ++++++= iiXaXaXaXaaZ 3322110  ( 1 )  

where  

Z i s  the  d iscrim inan t score;  

a0  i s  a  constan t;  

i  (subscript)  i nd icates  the  d imensions  of the  d iscrim inant function ;  

a i  i s  the  d iscrim inan t coefficien t as  weigh ting  factor for the  separation  of test specimens  of 
teacher data  i n to  the  two  groups,  non-defective  and  defective;  

Xi  i s  the  frequency of feature  quan ti ties  taken  in to  consideration .  

Equation  (1 )  i s  defined  to  d istingu ish  the  group  of non-defective  specimens  from  the  g roup  of 
defective  specimens  by the  value  Z,  wh ich  i s  respectively set to  be  posi ti ve  for non-defective  
and  negative  for defective  specimens  by ad justing  a i,  and  a0 .  

I f necessary,  the  type  of non-l i near d iscrim inan t function  based  on  Mahalanobis '  general ized  
d istance,  D2  may a lso  be  used .  

The  type  of the  d iscrim inan t function  to  be  used  can  be  agreed  upon  between  the  parties.  

6.7  System  reg istration  

The  resu l ting  d iscrim inant function  shal l  be  reg istered  to  the  test system  to  perform  evaluation  
of unknown  specimens.  

For the  unknown  specimen ,  the  value  of Z shal l  be  calcu lated  using  the  reg istered  function ,  
wh ich  i s  defined  by Equation  (1 )  i n  advance  i n  the  l i near d iscrim inan t analysis.  

From  the  values  of Z obta ined ,  the  qual i ty of the  unknown  specimen  can  be  estimated .  

I n  case  of a  non-l inear d iscrim inan t function ,  the  values  of D2  shal l  be  used  for the  estimate  of 
unknown  specimens.  
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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  /  equ ipment i n formation  for capturing  images  of p lated  su rfaces  in  
the  tested  specimens.  

7 .3  Report the  value  of th reshold  for the  b inarizing  images.  

7 .4 Report the  type,  stepping  wid th ,  and  range  of the  feature  quan ti ties  extracted  from  the  
b inarized  images.  

7 .5  Report the  d iscrim inan t function  derived  for evaluation  of the  tested  specimens.  

8  Addi tional  information  

8.1  An  optical  method  based  on  the  polarization  analysis  and  image  recogn i tion  has  been  
proposed  from  AIST,  Japan ,  and  a  powerfu l  camera  system  that can  observe  both  a  l ustre  
i rregu lari ty and  uneven  colouring  at  the  same  time  has  been  developed .  

8 .2  Examples  of the  equ ipment and  tested  resu l ts  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  Equ ipment for lustre  non-uniformity inspection  

Figure  A. 1  shows  the  test equ ipment prototyped  for the  l ustre  non-un i formi ty.  

 

Figure  A. 1  – Equ ipment prototype 

The  inciden t l i gh t that i l l um inated  the  sample  was  l i nearly polarized  and  ti l ted  at 45°  to  have  
the  ratio  of 1 /1  for the  S-/P-polarized  components.  The  reflected  l i gh t was  separated  by a  hal f 
m i rror and  passed  the  S  and  P  polarizers  for i ndependent imag ing  by the  CCD  camera.  I n  
order to  obtain  d istribu tion  images  of the  surface  roughness,  the  CCD images  captured  were  
analyzed  by comparing  each  p ixel  of the  images  of the  S-  and  P-polarized  components.  

Mapping  of the  surface  roughness  accord ing  to  the  p ixel  s i ze  can  be  ach ieved  using  th is  
method .  

A.2  Tested  resu l t 

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 )  wi th  various  types  of l ustre  non-un i formi ty i n  PWBs,  
captured  by a  CCD  camera.  

F igure  A.3  shows  the  example  of su rface  roughness  images  analyzed  by the  equ ipment of 
F igure  A. 1  for gold  p lating  of defective  specimens  wi th  l ustre  non-un i formi ty.  Images  of S-
polarized  (see  a,  d ,  g ) ,  P-polarized  (see  b ,  e ,  h )  components,  and  Ψ’ (see  c,  f,  i ) ,  calcu lated  
from  the  ratio  of S-  to  P-polarized  components  i nd icate  the  su rface  roughness  d istribu tion  for 
gold -plating  wi th  l ustre  non-un i formi ty i n  PWBs.  

IEC  

Hal f m i rror  

Mi rror  

Polari zer  

Polari zer  

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  b inarized  image  of abnormal  portions  in  the  series  of 
specimens  shown  i n  F igure  A. 2  and  Figure  A. 3.  The  threshold  for b inarization  i s  set as  
fo l lows:  reg ions  g iving  values  wi th in  ±1 0  %  of the  average  value  are  classi fied  as  normal ,  and  
those  beyond  th is  l im i t  are  counted  as  abnormal  (wh i te  p ixels).  

F igure  A.4  b)  shows an  example  of extraction  of feature  quan ti ties  of abnormal  portions  using  
the  m in imum  rectang les  bound ing  the  clusters  of wh i te  p ixels.  The  d iagonal  l ength  of the  
m in imum  rectang les  i s  defined  as  the  feature  quan ti ty,  expressed  as  L i.  

 

Figure  A.4  a)  – B inarized  image  F igure  A.4  b)  – Feature  quanti ty  

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

IEC  

IEC  

L i  

(b)  (a)  
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A.2.3  Frequency analysis  of feature  quanti ties  

Figure  A.5  shows  an  example  of a  frequency analysis  of the  feature  quan ti ties  of gold -plating  
L i  to  obtain  each  frequency,  Xi.  

 

Figure  A.5  – Example  of frequency analysis  of feature  quanti ty 

A.2.4 Final  estimate  

Figure  A.6  shows  an  example  of the  l i near d iscrim inan t analysis  resu l t  us ing  specimens  of 
gold -plating  of non-defective  and  defective  products  as  the  teacher data  to  determine  the  
qual i ty of the  object specimens  correspond ing  to  boundary specimens.  

 

Figure  A.6  – Example  of the  final  estimate  of the  qual i ty of gold-plating  

As shown  i n  F igure  A.6,  Z of a  non-defective  product takes  a  value  above  0 ,  i n  the  range  +5  
to  +1 2 .  I n  con trast,  Z of a  defective  product takes  a  value  below 0 ,  i n  the  range  –2  to  –1 6.  
Using  th is  function ,  Z of an  unknown  (object)  specimen  i s  evaluated  to  be  7 ,  and  th is  resu l t  
estimates  the  specimen  as  non-defective,  and  the  j udgment agrees  wi th  that obtained  by 
vi sual  i nspection .  

I n  th is  way,  the  cri teria  for acceptabi l i ty can  be  provided  using  the  d iscrim inan t function .  As  a  
resu l t,  objective  determination  and  classi fication  cri teria  can  be  obtained  for the  d ig i tization  of 
the  l ustre  non-un i formi ty of gold  p lating .  
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Annex B  
( informative)  

 
Example  of tested  resul t for colour non-uniformity inspection  

B.1  Image analysis  of colour non-uniformity 

Colour non-un i formi ty has  been  analyzed  using  the  ratios  of d i fferen t colour s ignal  settings  
such  as  g reen  to  red  (G/R),  b lue  to  g reen  (B/G),  and  red  to  b lue  (R/B)  i n  images  captured  by 
a  CCD  camera  for gold -plating  pads  i n  defective  specimens  of PWB.  

F igure  B. 1  shows  an  example  of a  resu l t  of colour non-un i formi ty analysis  us ing  the  ratio  of 
G/R,  wh ich  g ives  the  clearest change  (comparing  to  the  ratios  of B/G  and  R/B  in  th is  
experiment).  

The  images  of F igure  B . 1  d isplay the  fol lowing  gold -plati ng  pads  (500  μm  ×  500  μm)  

a)  colour non-un i formi ty,  

b)  the  magn i fied  view,  

c)  and  the  colour d istribu tion  i n  G/R,  wi th  the  s ignal  i n tensi ty ratio  of green  to  red ,  as  a  
function  of pixel  posi tion  i n  a  CCD  camera.  

 

Figure  B. 1  – Images  of gold-plating  pads  

Figure  B.2  shows the  examples  of images  of G/R and  th reshold  images  for the  same 
specimen  as  shown  i n  F igure  B. 1 .  I n  F igure  B. 2  b) ,  the  reg ions  detected  as  colour non-
un i formi ty are  marked  i n  red .  

IEC  
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Figure  B.2  a)  – G /R colour d istribution  F igure  B .2  b)  – Threshold  images  

Figure  B.2  – Images  of colour d istribution  

B.2  Feature extraction  and  d iscriminant analysis  

Figure  B .3  shows an  example  of frequency analysis  resu l t of the  feature  quan ti ty extracted  
from  gold -plating  wi th  colour non-un i formi ty as  shown  in  F igure  B .2 .  For the  feature  quan ti ty,  
the  number of times  that the  images  were  con tracted  i s  used  to  coun t the  numbers  of p ixels  
remain ing  in  the  resu l ted  images.  Th is  extracting  method  i s  found  to  be  su i table  comparing  to  
the  method  using  the  l ength  of d iagonals  i n  roughness  mode  i rregu lari ties  shown  i n  
F igure  A.4  b) .  The  classi fication  of the  qual i ty has  been  performed  by visual  i nspection  of 
ski l l ed  testers  i n  advance.  

F igure  B. 3  i l l ustrates  an  example  of a  frequency analysis  of the  feature  quan ti ty of gold -
plating  i n  non-defective  (No. 1 -84)  and  defective  specimens  (No.85-1 05)  wi th  colour non-
un i formi ty.  For the  feature  quan ti ty,  the  number of times  that the  images  were  con tracted  i s  
used  to  coun t the  numbers  of p ixels  remain ing  in  the  resu l ting  images.  

 

Figure  B.3  – Frequency analysis  example  of a  feature  quanti ty 
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F i gure  B.4  shows an  example  of the  l i near d iscrim inan t analysis  resu l t for the  specimens  of 
gold -plating  of non-defective  (No. 1 -84)  and  defective  specimens  (No.85-1 05)  wi th  colour non-
un i formi ty.  The  specimens  of non-defective  products  g ive  posi tive  values  of Z,  wh i le  defective  
ones  reveal  negative  values  of Z.  The  specimens  are  the  same  as  those  shown  i n  F igure  B.3.  

 

Figure  B.4  – Example  of the  d iscriminant analysis  resu lt 
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