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AND OTHER INTERCONNECTION  STRUCTURES AND ASSEMBLIES –  
 

Part 5-503:  General  test method  for materials  and  assembl ies  –  
Conductive  anodic fi laments  (CAF)  testing  of ci rcui t boards  

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  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 ternational  Standards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cations  (PAS)  and  Gu i des  (hereafter referred  to  as  " I EC  
Publ i cation (s )") .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  al l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es .  

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

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agents  i ncl ud ing  i n d ivi 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 nature  whatsoever,  whether d i rect  or i nd 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 cation ,  use  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ibi l i ty that  some  of the  e l ements  of th i s  I EC Publ i cati on  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

I n ternational  Standard  I EC  61 1 89-5-503  been  prepared  by I EC  techn ical  comm ittee  91 :  
E lectron ics  assembly technology.  

The  text of th is  s tandard  is  based  on  the  fo l lowing  documents :  

FDIS  Report  on  voti ng  

91 /1 433/FDIS  91 /1 443/RVD  

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  I n ternational  Standard  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D irecti ves,  Part 2 .  
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A l i st  of a l l  parts  i n  the  I EC  61 1 89  series,  publ ished  under the  general  t i t l e  Test methods for 
electrical materials,  printed boards and other interconnection structures and assemblies,  can  
be  found  on  the  I EC websi te .  

The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec. ch "  i n  the  data  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  vers ion  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 
understand ing  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 BOARD  
AND OTHER INTERCONNECTION  STRUCTURES AND ASSEMBLIES –  

 
Part 5-503:  General  test method  for materials  and  assembl ies  –  
Conductive  anodic fi laments  (CAF)  testing  of ci rcui t boards  

 
 
 

1  Scope 

This  part of I EC  61 1 89  speci fies  the  conductive  anod ic fi l ament (hereafter referred  to  as  CAF)  
and  speci fies  not on l y the  s teady-state  temperature  and  hum id i ty test,  bu t a lso  a  temperature-
hum id i ty cycl ic  test  and  an  unsaturated  pressurized  vapour test  (HAST).  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text  i n  such  a  way that  some or a l l  of the ir 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud in g  
any amendments)  appl i es.  

I EC 60068-1 : 201 3,  Environmental testing – Part 1 :  General and guidance 

IEC 60068-2-30,  Environmental testing – Part 2-30: Tests – Test Db: Damp heat,  cyclic 
(12 h  +  12 h  cycle)  

IEC 60068-2-38,  Environmental testing – Part 2-38:  Tests – Test Z/AD: Composite 
temperature/humidity cyclic test 

IEC 60068-2-66,  Environmental testing – Part 2:  Test methods – Test Cx:  Damp heat,  steady 
state (unsaturated pressurized vapour)  

I EC 60068-2-67,  Environmental testing – Part 2: Tests – Test Cy: Damp heat,  steady state,  
accelerated test primarily intended for components 

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

I EC 601 94,  Printed board design,  manufacture and assembly –  Terms and definitions 

IPC-TM-650  No.2 .6 . 1 4 . 1 ,  Electrochemical Migration Resistance Test [viewed 2017-01-31].  
Available  at:  https://www. ipc. org/TM/2-6_2-6-14-1 . pdf 

IPC-TM-650  No. 2. 6. 25,  Conductive Anodic Filament (CAF)  Resistance Test: X-Y Axis [viewed 
2017-01-31].  Available  at: https://www. ipc. org/4. 0_Knowledge/4. 1_Standards/test/2-6-25. pdf 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g iven  i n  I EC  601 94  and  
IEC 60068-1  as  wel l  as  the  fol lowing  appl y.  

I SO and  I EC main ta in  term inolog ica l  databases  for use  i n  standard ization  at  the  fol l owing  
addresses:  
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•  I EC  E lectroped ia:  avai lab le  at  h ttp : //www.electroped ia.org /  

•  I SO  On l ine  browsing  p latform :  avai lab le  at h ttp : //www. iso.org/obp  

3. 1   
electrochemical  migration  
degradation  of i nsu lation  characteristics  between  conductors  due  to  eletrochem ical  e lu tion  of 
i ons  in  a  hum id  envi ronment when  vol tage  i s  appl i ed  to  conductors  of a  pri n ted  wi ri ng  board  

Note  1  to  en try:  I n  add i ti on ,  i on ic  impuri ti es  present  i n  the  i nsu lations  con tri bu te  to  thei r d egradation .  

Note  2  to  en try:  E l ectrochem ical  m igration  may take  the  forms of dend ri te  (3 . 2 )  and  CAF(3. 3).  

3.2   
dendri te  

metal  m igration  

Note  1  to  en try:  Dend ri te  i s  vi s ib l e  i n  that  i t  creates  a  branch ing  and  tree  l i ke  structu re  on  the  su rface,  on  the  
i n terface  between  l ayers ,  etc.  of a  pri n ted  wi ri ng  board .  

3.3   
CAF  
conductive  anod ic  fi l ament 
migration  wh ich  occurs  a long  the  monofi lament of re inforcing  materia l  such  as  g lass  cloth  i n  
an  i nner l ayer part  of a  pri n ted  wi ri ng  board  

3.4   
HAST 
h igh ly accelerated  temperature  and  humidi ty stress  test  

stress  test  under unsaturated  pressurized  vapour test  

Note  1  to  en try:  See  I EC 60068-2-66.  

3.5   
automatic insu lation  resistance  measurement  
measurement to  take  con tinuous  or predeterm ined  period ic test data  us ing  an  au tomatic  
measurement system  wi thou t an  operator 

3.6   
manual  insu lation  resistance  measurement  
measurement to  take  predeterm ined  period ic test data  us ing  measurement equ ipment by an  
operator 

Note  1  to  en try:  Measurement can  be  done  wi th  or wi thout  taking  ou t  a  specimen  from  the  test  chamber.  

3.7   
test vol tage  

vol tage  to  appl y on  the  specimen  as  a  s tress  in  the  testing  envi ronment  

3.8   
measuring  vol tage  

vol tage  to  appl y on  the  specimen  in  order to  measure  the  i nsu lation  res istance  

4 Testing  condi tion  

4.1  Standard  condi tion  

Measurement i s  performed  under the  s tandard  atmospheric cond i tion  wh ich  i s  speci fi ed  i n  
Clause  4  of I EC 60068-1 : 201 3.  

http://www.iso.org/obp
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I t  depends  on  a  reference  cond i ti on  stated  i n  4 . 2  when  an  ambigu i ty i s  found  for the  j udgment 
i n  the  s tandard  atmospheric cond i tion  or when  i t  i s  requ i red  i n  particu l ar.  

I t  may be  performed  under other cond i ti ons  than  the  s tandard  atmospheric  cond i ti on ,  when  no  
doubt abou t the  j udgment subsi ts  and  when  measuring  i n  standard  cond i ti on  proves  d i fficu l t,  
or when  speci fi ed  in  parti cu lar speci fications.  

4.2  Judgment state  

Reference  cond i ti on  i s  the  standard  atmospheric  cond i tion  for measurement as  stated  i n  4 . 2  
of I EC 60068-1 : 201 3.  

5 Specimen  

5.1  Outl ine  of CAF  test veh icle  design  

5. 1 . 1  Evaluation  design  for the  g lass  cloth  d irection  

The  i n - l i ne  test  combs  are  comprised  of a  series  of a l ternate  rows  of via  holes  wi th  a  vol tage  
appl ied  across  the  comb.  They represent the  most  common  fa i l u re  s i tes  where  CAF  can  occur:  
between  via  hole  wal ls .  The  via  holes  are  in  l i ne  wi th  one  another and  in  a l i gnment wi th  the  
woven  g lass  fi bre  re inforcement.  The  closest  poin t  between  each  via  pa i r i s  the  most l ikel y 
poin t  for CAF  g rowth  (example  h i gh l i ghted  in  F igure  1 ) .  The  b lack spots  represent the  d ri l l ed  
hole,  and  the  copper pads  associated  wi th  the  via  holes  are  i n  orange.  

The  construction  of staggered  combs  i s  s im i l ar to  that of the  i n - l i ne  combs,  however,  the  via  
pai rs  are  arranged  at  45° .  Th is  means  that  the  most l i ke l y rou te  for poten tia l  CAF  growth  i s  
l onger s i nce  the  orien tation  of the  g lass  fi bres  may on l y perm i t  growth  i n  the  horizon tal  and  
vertical  d i rections  (as  represented  by the  wh i te  e l l i pses  in  F igure  2) .  

 

Figure  1  – Schematic  of in -l i ne  test  comb,  wi th  possible  fai lu re  si te  

IEC  

Fibre  weave  
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Figure 2  – Schematic  of staggered  test comb,  wi th  possible  fai lure  s i te  

"Manhattan  d istance"  i s  the  shortest orthogonal  d istance  a long  the  X-  and /or Y-  axes  l i nes  
between  ad j acen t d ri l l ed  hole  features  (corresponds  to  the  orthogonal  nature  of the  l am inate  
materia l ’s  woven  g lass  fi bre  re inforcement (F igure  3).  

 

Figure 3  – Manhattan  d istance  

5. 1 .2  Design  between  plated  through  hole  (PTH)  

a)  Withou t i nner layer pattern  

Example  des ign  between  PTH  wi thout i nner l ayer pattern  i s  shown  i n  F igure  4 ,  wh ich  i s  a  
schematic  cross-section  of a  via  pai r.  

NOTE  The  gap  i s  taken  from  the  edge  of the  copper.  Copper th i ckness  on  the  hole  wal l  i s  approximatel y 
50  μm  per s i de.  

IEC  

Fibre  weave  

IEC  

y  

x  

a  

b  

' 'Manhattan  d i stance"  =  a  +  b  
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Key 

l
1  

via  p i tch  

l
2  

via  to  vi a  d i stance  

l
3  

via  d iameter 

Figure 4 – Schematic  section  of via  pai r wi th  bias  

b)  With  i nner l ayer pattern  

There  are  two  des igns.  One  is  the  des ign  of i nner l ayer via  pads  and  l ayers  as  shown  i n  
F igu re  5.  The  other i s  the  des ign  of no  inner layer via  pads  and  layer patterns  as  shown  in  
F igu re  6 .  

 

Figure 5  – Example of i nner l ayer via  pads  and  l ayer patterns  

 

Figure 6  – Example of no  inner l ayer via  pads  and  l ayer patterns  

5.2  CAF  test  board  

5.2. 1  Example  A 

This  design  i s  based  on  5. 1 .  Evaluation  of i nsu lation  between  through-holes  i s  made  us ing  the  
l attice- l ike  pattern  of through-holes  as  i l l ustrated  i n  F igure  7 .  The  d iameter of holes  is  kept 

IEC  

l2  

l1  

l3  

IEC  

IEC  
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constan t.  D imensions  of the  holes  are  speci fi ed  i n  Table  1 .  There shou ld  be  more  than  fi ve 
holes  on  a  l i ne  i n  the  pattern .  The  number depends  on  an  agreement between  the  user and  
suppl ier concerned .  

 

Key 

l
1
 vi a  p i tch  

l
2
 vi a  to  Vi a  d i stance  

l
3
 vi a  d i ameter 

a  and  b  cross-section  

Figure 7  – Insu lation  evaluation  pattern  for through-holes  and  via  holes  

Table  1  – Dimension  of insu lation  evaluation  pattern  for th rough-holes  

Via  d iameter (l
3
)  (μm) 300  

Via  to  vi a  d i s tance  (l
2
)  (μm) 1 50  200  250  300  350  400  

Via  p i tch  (l
1
)  (μm)  450  500  550  600  650  700  

Pattern  arrangement  n  ho les  ×  4  rows  (n :  ≥  5 )  

 

5.2.2  Example  B  

The I PC-9253  and  I PC-9254  have  1 0  l ayers,  and  d imensions  are  approximatel y 
1 25  mm  ×  1 75  mm.  Test  board  des igns  for evaluating  CAF  res istance  shal l  have  varying  
dri l l ed  hole  wal l  to  d ri l l ed  hole  wal l  d istances  for p lated  holes .  These  d i stances  can  range  
from  as  l ow as  0, 1 5  mm  separation  for a l ternate  lam inate  materia ls  expected  to  have  very 
h igh  CAF  res istance  and  m in imal  copper wicking  ou t from  the  p lated-through  hole  (PTH),  to  
as  h igh  as  0 , 89  mm  separation  for evaluating  press-fi t  connector appl ications.  The  dri l l ed  hole  
s i ze,  rather than  the  fi n ished  hole  s i ze,  i s  speci fied  i n  the  chart on  the  bare  board  fabrication  
d rawing  to  ensure  cons istent  spacing .  

I n ternal  layer th ieving  may be  added  to  p lane  l ayers  around  the  perimeter.  Test boards  shou ld  
be  manufactured  so  that the  mach ine/gra in  d i rection  of the  woven  fibre  re in forcement i s  
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perpend icu lar to  the  rows  of same-net daisy chain  vias  for A1  to  A4  (mach ine/grain  d i rection  
tends  to  fa i l  fi rst) .  

Test board  designs  shal l  have  sufficien t m in imum  spacings  on  ou ter l ayers  to  ensure  that 
surface  i nsu lation  res istance  fa i l u res  do  not occur.  Layou ts  of the  I PC-9253  and  I PC-9254  test  
board  s tructu res  (CAF test boards)  are  shown  i n  F igure  8 .  The  test  board  des ign  ru les  are  
l i sted  i n  Table  2  and  Table  3.  

  

a)  IPC-9253  b)  IPC-9254  

Figure 8  – Layouts  of the  two versions  of the  CAF  test boards  

Table  2  – Test structures  A1  through  A4 design  ru les  

 A1  A2  A3  A4  

Outer l ayer pad  s i ze  0 , 86  mm  
(0 , 033  9  i n )  

0 , 81  mm  
(0 , 031  9  i n )  

0 , 75  mm  
(0 , 029  5  i n )  

0 , 69  mm  
(0, 027  2  i n )  

I nner l ayer pad  s i ze  0 , 86  mm  
(0 , 033  9  i n )  

0 , 81  mm  
(0 , 031  9  i n )  

0 , 75  mm  
(0 , 029  5  i n )  

0 , 69  mm  
(0, 027  2  i n )  

Dri l l ed  hol e  s i ze  0 , 74  mm  
(0 , 029  1  i n )  

0 , 63  mm  
(0, 024  8  i n )  

0 , 51  mm  
(0, 020  1  i n )  

0 , 37  mm  
(0, 025  6  i n )  

Via  edge  to  vi a  
edge  (shortest  
d i s tance)  

0 , 27  mm  
(0 , 01 0  6  i n )  

0 , 38  mm  
(0 , 01 5  0  i n )  

0 , 51  mm(0, 020  1  i n )  0 , 65  mm  
(0, 025  6  i n )  

Via  edge  to  vi a  
edge  (Manhattan  
d i s tance)  

0 , 27  mm  
(0 , 01 0  6  i n )  

0 , 38  mm  
(0 , 01 5  0  i n )  

0 , 51  mm  
(0 , 020  1  i n )  

0 , 65  mm  
(0, 025  6  i n )  

On  I PC-9254  on ly,  
b i as  appl i ed  
between :  

J 1 ,  J 5  J 2 ,  J 5  J 3,  J 5  J 4 ,  J 5  
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Table  3  – Test structures  B1  th rough  B4 design  ru les  

 B1  B2  B3  B4  

Outer l ayer pad  s i ze  0 , 94  mm  
(0 , 037  0  i n )  

0 , 89  mm  
(0, 035  0  i n )  

0 , 84  mm  
(0 , 033  0  i n )  

0 , 75  mm  
(0, 030  0  i n )  

I nner l ayer pad  s i ze  0 , 94  mm  
(0 , 037  0  i n )  

0 , 89  mm  
(0 , 035  0  i n )  

0 , 84  mm  
(0, 033  1  i n )  

0 , 75  mm  
(0, 029  5  i n )  

Dri l l ed  hol e  s i ze  0 , 81  mm  
(0 , 031  9  i n )  

0 , 71  mm  
(0 , 028  0  i n )  

0 , 57  mm  
(0, 022  4  i n )  

0 , 46  mm  
(0, 01 8  1  i n )  

Via  edge  to  vi a  
edge  (shortest  
d i s tance)  

0 , 26  mm  
(0 , 01 0  2  i n )  

0 , 37  mm  
(0 , 01 4  6  i n )  

0 , 51  mm(0, 020  1  i n )  0 , 62  mm  
(0, 024  4  i n )  

Via  edge  to  vi a  
edge  (Manhattan  
D i stance)  

0 , 37  mm  
(0 , 01 4  6  i n )  

0 , 52  mm  
(0 , 020  5  i n )  

0 , 72  mm  
(0, 028  3  i n )  

0 , 88  mm  
(0, 034  6  i n )  

On  I PC-9254  on ly,  
b i as  appl i ed  
between :  

J 7,  J 1 1  J 8,  J 1 1  J 9,  J 1 1  J 1 0 ,  J 1 1  

 

5.3  Number of specimens  

Number of specimens,  test  boards  or coupons  requ i red  i n  a  test  depends  on  the  purpose  of 
the  test,  for example  for prototypes  or for mass  produced  products .  For CAF  testing  of ci rcu i t  
boards  for mass  production ,  a  m in imum  quanti ty of 25  i s  needed  for statistical  re l i abi l i ty 
anal ys is.  More  than  25  specimens  may be  needed  for a  test  l ot i n  order to  provide  at  l east as  
many opportun i ties-for-fa i lu re  as  a  s i ng le  production  board  (see  I PC-9691 B).  

6 Equipment/Apparatus  or material  

6.1  Environmental  test  chamber 

a)  A clean  test chamber capable  of producing  and  record ing  an  environment of 65  °C  ±  2  °C  
or 85  °C  ±  2  °C  at 87  °C  ±  2  % RH ,  and  that i s  equ ipped  wi th  cable  access  to  faci l i tate  
measurement cables  to  be  attached  to  the  specimens  under test.  

b)  The  temperature  and  hum id i ty i n  the  chamber can  be  con tinuous l y suppl ied  and  not  
reused ,  and  i ndependen tl y control led  to  preven t condensation .  

c)  Hum id i fication  water i n  the  chamber can  be  con tinuousl y suppl ied  and  not reused .  

d )  The  condensation  water does  not  d rop  from  the  wal l  and  the  ce i l i ng  in  the  chamber.  

e)  Impuri ties  and  the  res idual  substances  of the  previous  test sha l l  be  removed  so  as  to  not  
affect the  test.  

f)  The  chamber shou ld  be  made of the  materia ls  wh ich  do  not have  any i n fluence on  the  
specimen  and  hum id i fication  water.  

6.2  Measuring  equ ipment 

A h igh  res istance  meter equ ivalent to  that described  i n  ASTM  D257,  wi th  a  range  up  to  1 01 2  Ω  

and  capable  of yie l d ing  an  accuracy of ±5  %  at 1 01 0  Ω  wi th  a  DC  appl ied  vol tage  of 
1 00  V ±  2  V,  or an  ammeter capable  of read ing  1 0−1 0  A and  capable  of yi e ld ing  an  accuracy 
of ±5  %  in  combination  wi th  1 00  V ±  2  V DC power supply.  The  values  of res istors  used  shal l  
be  veri fied  by reference  res istors  traceable  to  known  industry or national  standards.  

6.3  Power supply 

A power supply capable  of producing  a  stand ing  b ias  potentia l  of 5  V DC  up  to  1 00  V DC wi th  
a  ±2  %  tolerance,  and  cu rrent  supply capaci ty of at l east  1  A.  
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6.4  Current  l im iting  resistors  

Tigh t con trol  of the  tota l  curren t  l im i ti ng  res istance  value  is  cri tical  for th is  test  method .  1  MΩ  
res istor i n  series  shal l  be  used  for each  current path .  I nsert the  curren t l im i ting  res istors  i n  
series  wi th  the  term inati ng  leads  going  to  each  test pattern .  Note  that some test equ ipment 
has  curren t l im i ting  res istors  bu i l t  i n to  the  testing  systems.  For the  purposes  of th is  s tandard  
test,  exclud ing  the  curren t l im i ting  res istor and  for each  CAF  test ci rcu i t,  the  tota l  series  

res istance  of the  measuring  equ ipment and  wires  shal l  not be  more  than  200  Ω .  A l ower tota l  
res istance  value  wi l l  i ncrease  potentia l  for damage  to  the  test board  when  a  CAF  fa i l u re  
occurs .  A h igher tota l  curren t  l im i ti ng  res istance  va lue  for each  test net  removes  test 
cond i ti ons  further from  actual  fie ld  cond i tions  and  i s  not recommended .  

6.5  Connecting  wire  

Use  PTFE-  or PFE-insu lated  copper wi res  and  solder the  copper wi re  d i rectl y to  the  board  to  
connect test  poin ts  for each  test board  to  the  measurement  apparatus.  

6.6  Other ded icated  fixtures  

Hard-wi ring  is  the  defau l t  connection  method .  Other ded icated  fixtures  may be  used ,  provided  
that  the  fixture  does  not change  the  res istance  by more  than  0 , 1  decade  compared  to  a  
comparable  hard-wi red  system  when  measured  at the  test cond i ti ons.  These  fixtures  shou ld  
be  checked  for the i r res istance  values  frequentl y.  The  colour of the  l eads  connected  to  pl us  
and  m inus  e lectrodes  of the  measuring  equ ipment shou ld  be  changed .  Usual l y red  is  used  for 
the  cable  connected  to  the  p lus  term inal  and  black to  the  m inus  term inal .  

7 Resistance measurement method  

7. 1  Manual  insu lation  resistance  measurement  method  

The res istance  measuring  un i t  can  measure  the  res istance  range  of 1 06
 
Ω  to  1 01 2

 
Ω .   

F i gu re  9  i l l ustrates  an  example  of a  manual  measuring  system  in  the  chamber,  us ing  an  
i nsu lation  res istance  meter.  Th is  measuring  system  has  a  bu i l t- in  power source,  can  se lect  
the  test  vol tage  and  the  measuring  vol tage  arbi trary,  and  i s  capable  of res istance  

measurement of up  to  1 0 1 3
 
Ω  us ing  double  sh ie l ded  cables  and  a  sh ie l ded  test  chamber.  



I EC 61 1 89-5-503: 201 7    I EC  201 7  – 1 5  –  

 

Key 

1  guard  

2  i nsu lati on  res i stance  meter 

3  acti ve  guard  

4  double  sh i e l d  cable  

5  power suppl y 

6  chamber 

Figure 9  – Measurement wi th  insu lation  resistance meter 

7.2  Automatic  i nsu lation  resistance  measurement  method  

The i nsu lation  res istance  general l y decreases  as  temperature  and  re lati ve  hum id i ty i ncrease.  
The  volume resistance  i s  sens i ti ve  to  the  change of the  temperature,  bu t  the  surface  
res istance  changes  rapid l y wi th  the  change  of the  re lati ve  hum id i ty.  As  for both  cases,  the  
change  i s  exponen tia l .  S ince  i nsu lation  res istance  is  dependent on  both  volume  res istance  
and  surface  res istance,  i t  i s  necessary to  hold  temperature  and  hum id i ty to  the  speci fied  
values  as  much  as  possible.  For th is  reason ,  i t  i s  des i rable  to  perform  the  measurement of 
i nsu lation  res istance  wi th in  the  chamber (measurement i n  the  chamber).  I n  taking  ou t the  
specimen  from  the  chamber to  measure,  the  time  to  sh i ft to  room  temperature  (measurement 
cond i ti ons)  and  l eaving  time i n  the  room  temperature  shou ld  be  decided .  I n  princip le ,  th is  
measurement shal l  be  made wi th in  24  h .  The  cond i ti on  other than  stated  here  shou ld  be  
provided  in  an  i nd ividual  speci fication .  

The  au tomatic insu lation  res istance  equ ipment can  control  au tomatical l y the  appl ied  vol tage  
and  measurement by a  computer,  and  generate  an  a larm  when  anomaly is  generated  i n  the  
measurement wi thou t taking  out  the  specimen  under test from  the  test  chamber.  The  test  
vol tage  i s  appl i ed  to  each  specimen  and  leak e lectric current i s  mon i tored  so  that the  
generation  and  time of e l ectrochem ical  m igration  can  be  measured  precise l y.  Tests  of many 
specimens  can  be  carried  ou t efficien tl y.  

A test  shou ld  be  con tinued  when  such  phenomena  as  a  momentary l ow resistance  s tate  or a  
temporary short  i n  the  measurement us ing  an  au tomatic  i nsu lation  res istance  measurement 
equ ipment do  not occur frequen tl y.  
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8 Test method  

8. 1  Test method  selection  

The ECM  test  method  i s  used  as  a  l i fetime evaluation  test of substrate  materials  and  
e lectron ic  parts  and  acceptance  test at  the  order source.  The  former i s  requ i red  to  obtain  the  
time to  fa i l u re,  wh ich  i s  the  s tandard  for calcu lating  the  usefu l  l i fe .  I n  the  l atter,  the  
temperature/hum id i ty cond i ti on ,  the  appl ied  vol tage,  and  the  test time are  determ ined ,  and  the  
process  i s  completed  i n  a  predeterm ined  time.  Selection  of the  various  ECM  test  methods  
described  here  i s  left  to  the  user.  

8.2  Steady-state  temperature  and  humid i ty test  

8.2. 1  Object  

This  test i s  implemented  to  ensure  or veri fy the  abi l i ty to  main tain  the  service  l i fe  i f the  
specimen  i s  used  under constan t temperature  and  hum id i ty cond i ti ons.  Th is  test i s  an  
accelerated  test  wh ich  is  set  at  a  h igher temperature  and  hum id i ty than  when  the  specimen  i s  
used .  I t  i s  importan t  that  l ineari ty can  be  ach ieved  for the  Arrhen ius  p lot  obtained  from  the  
fau l t t ime  to  temperature  changes  to  evaluate  the  l i fetime.  I f the  l i neari ty i s  not obtained ,  i t  i s  
necessary to  review the  test cond i ti ons  and  to  pay su fficien t atten tion  to  h igh  temperature  
cond i tions.  On  the  bas is  of the  resu l ts  of the  l i fe  test,  the  test cond i ti ons  of the  confi rmation  
test are  determ ined .  

8.2.2  Test condi tion  

The steady-state  temperature  and  hum id i ty test  cond i ti ons  fol lows  i n  Table  4 .  These  may be  
used  in  the  absence  of any defined  test speci fication .  Test  cond i tion  of temperature/hum id i ty 
i s  speci fied  i n  I EC  60068-2-78  and  I EC 60068-2-67  except 60  ºC/90  %  RH ,  wh ich  is  added  as  
one  of the  temperature  hum id i ty steady-state  cond i tions  because  i t  has  been  used  as  one  of 
the  s tandard  envi ronmenta l  test  cond i ti ons  for the  i n tegrated  ci rcu i ts .  

Table  4 – Test condi tion  

Speci fication  Temperature  

°C  

Humid i ty 

% RH  

Test time  

h  

STD  40  ±  2  93  ±  3  1 68  ＋  24  

−0  

500  ±  48  1  000  ±  96  (2  000  ±  1 92)  

60  ±  2  90  ±  3  

85  ±  2  85  ±  3  

I PC-TM-650  
(2. 6. 25)  

65  ±  2  87+  3/−2  – Test boards  to  stabi l i ze  for 96  h  (±30  m in ) .  

 After the  96  h  (±30  m in )  s tabi l i zation  peri od ,  i nsu lation  
res i stance  measurements  shal l  be  made  between  each  
dai sy chain  net  and  g round .  

– Add i ti onal  temperatu re/hum id i ty/bias  cond i ti on ing  may 
be  performed  after 500  h  of b i as,  sometimes  up  to  
1  000  h  or more.  

85  ±  2  

I PC-TM-650  
(2. 6. 1 4. 1 )  

40  ±  2  93  ±  2  

65  ±  2  88, 5  ±  3 , 5  

85  ±  2  88, 5  ±  3 , 5  

 

8.3  Temperature  and  humid i ty (1 2  h  +  1 2  h )  cycle  test  

8.3. 1  Object  

Th is  test  exam ines  the  i nsu lation  degradation ,  res istance  to  e lectrochem ical  m igration ,  and  
other performance  degradations  for pri n ted  wi ri ng  boards  under the  1 2  h  +  1 2  h  cycl ic  damp 
heat cond i tion  wi th  an  appl i ed  vol tage  to  the  specimen  in  wh ich  dew is  generated  on  the  
surface.  
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8.3.2  Test condition  

The 1 2  h  +  1 2  h  cycl ic  damp heat test cond i tion  is  speci fied  i n  I EC  60068-2-30.  

8.3.3  Number of cycles  of the  test  

The  combination  of the  upper temperature  and  the  number of cycles  define  the  severi ty of the  
test.  The  upper temperature  and  the  number of cycles  shal l  be  chosen  from  Table  5.  

Table  5  – Number of cycles  of the  test  

Condi tion  Upper temperature  Number of cycles  

a)  40  °C  5,  1 0 ,  20 ,  30,  (50)  

b)  55  °C  5,  1 0 ,  20 ,  (30)  

Cond i ti on  a)  or b)  sha l l  be  se lected  based  on  i nd i vi dual  speci fi cations.  

 

8.4  Temperature  and  humid i ty cycl ic  test  wi th  and  without low temperature exposure  

8.4. 1  Object  

Th is  test  evaluates  the  res istance  of the  board  to  electrica l  insu lation  degradation  and  
res istance  to  m igration  under the  temperature  and  hum id i ty cycl ic test wi th  and  wi thout  l ow 
temperature  exposure.  I t  i s  an  effective  test to  confi rm  the  durabi l i ty of the  products  i n  
environments  wi th  varying  temperature  and  hum id i ty.  

8.4.2  Test condi tion  

The test  cond i ti on  for the  s teady-state  temperature  and  hum id i ty test i s  g i ven  i n  Table  6  
un less  there  is  any add i ti onal  cond i tion .  

Table  6  – Test condition  

1 )   The  test  cond i ti on  of temperatu re/hum id i ty i s  speci fi ed  i n  I EC 60068-2-38.  

2 )   Test  severi ti es :  1 0  cycles  

3)   Tol erance  for temperatu re:  ±2  ºC  ( i n  chamber)  

4)   Tol erance  for re lati ve  hum id i ty:  

 ±3  %  RH  (duri ng  the  peri ods  constan t or ri s i ng  temperatu re)  

 80  %  to  96  %  RH  (duri ng  the  fa l l i ng  temperatu re)  

5)   Test  severi ti es  (un l ess  ten  cycles):  depend ing  on  i nd i vi dua l  speci fi cation  

6)   Measuri ng  t ime:  depend ing  on  i nd i vi dual  speci fi cation  

7)   Test  vol tage:  d epend ing  on  i n d ivi dual  speci fi cation  

8)   Measuri ng  vol tage:  depend ing  on  i n d ivi dual  speci fi cati on .  

 

8.5  Steady-state  h igh  temperature and  h igh  humid i ty (unsaturated  pressurized  
vapour)  test  

8.5. 1  Object  

This  test  enables  an  accelerated  evaluation  of i nsu lation  deterioration  of materia l  by forced  
moistu re  absorption ,  resistance  to  m igration ,  comparison  of materia l  characteristics ,  l ot  
re l i ab i l i ty,  moisture  proof re l iab i l i ty for i nsu lati ng  fi lm  (solder res ist,  etc. )  and  other 
performance degradations.  
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Th is  test  enables  the  evaluation  of materia l  characteristics  i n  a  short t ime.  I t  was  orig inal l y 
developed  to  assess  sem iconductor devices  i n  a  package.  Note  that  the  re lation  between  the  
g lass  transi tion  temperature  of an  organ ic res in  and  the  test temperature  has  an  important 
i n fl uence on  the  estimated  l i fetime.  

I f the  acceleration  factor of l i fetime between  th is  test  method  and  the  actual  operati ng  
cond i ti on  i s  not cl ear,  th i s  test method  is  su i table  for test comparison  purposes,  bu t may not 
be  used  as  a  guaran tee  for the  materia l .  

8.5.2  Test condi tion  

Un less  a  speci fic cond i ti on  i s  speci fi ed ,  the  test cond i ti on  shal l  be  se lected  from  the  
cond i ti ons  g i ven  in  Table  7 ,  wh ich  i s  speci fied  i n  I EC  60068-2-66.  However,  the  appl ication  of 
Table  7  depends  on  i nd ividual  speci fications.  

Table  7  – Test condition  (IEC  60068-2-66)  

Test temperature  Humid i ty Test time  Vapour pressure  

°C  %  RH  h  MPa  

1 1 0  ±  2  85  ±  5  96,  1 92,  408  –0  0 , 1 2  

1 20  ±  2  85  ±  5  48,  96,  1 92  ~  0 , 1 7  

1 30  ±  2  85  ±  5  24 ,  48,  96  +2  0 , 23  

1 )  The  testi ng  time  represents  the  test  end  time  and  does  not  mean  the  time  to  extract  the  test  specimen . .  

2 )  The  testi ng  vo l tage  i s  selected  between  5  V DC and  1 00  V DC.  

3)  The  measuri ng  vol tage  i s  selected  between  5  V DC and  1 00  V  DC.  

4)  I tems  to  be  speci fi ed  by i nd i vi dual  speci fi cati on  

a)  D i fferen t cond i ti ons  from  th i s  test  cond i ti ons  and  severi ty of the  speci fi ed  cond i ti on  (mandatory) .  

b)  I n i ti a l  measurement (mandatory) .  

c)  J i g  to  be  used  for the  test.  

 

9  Procedure  

9. 1  Test specimen  preparation  

9. 1 . 1  General  

A specimen  is  i nspected  us ing  a  magn i fying  g lass  wi th  a  5  to  1 0×  magn i fication .  Check 
observable  foreign  materials ,  for example  extraneous  coppers,  peel ing  of solder res ist,  g rimes,  
and  the  cond i tion  of the  surface  of metal  p lating .  I f any defects  are  found ,  the  specimen  
shou ld  not be  used  i n  the  testi ng .  

9. 1 .2  Sample  i denti fication  

Use  a  method  to  i denti fy each  test  board  wh ich  does  not  cause  contam ination ,  such  as  a  
scribe  and  making  marks  away from  the  b iased  area(s)  of the  specimen .  Test boards  shal l  be  
hand led  by the  edges  of the  board  on l y,  and  the  use  of non-contam inating  g loves  is  
recommended .  

9. 1 .3  Prescreen  for opens  and  shorts  

Perform  as-received  insu lation  res istance  measurements  us ing  a  mu l timeter by connecting  to  

each  net,  and  check for g ross  defects.  Check for shorts  at  a  1 , 0  MΩ  setti ng .  No  opens  are  
a l l owed  i n  connected  nets.  
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9. 1 .4  Cleaning  

Clean  the  specimen  wi th  water or a lcohol  to  remove d i rt,  dust and  adhered  flux.  Set the  
specimen  i n  the  chamber and  s tart the  test wi thou t hand l i ng ,  packag ing  or storage  wh ich  may 
affect the  test  resu l t.  

9. 1 .5  Connecting  wi re  

Use  PTFE-  or PFE-insu lated  copper wi res  and  solder,  and  appl y the  copper wi re  d i rectl y to  
the  board  to  connect test  poin ts  for each  test  board  to  the  measurement apparatus.  Cover the  
test board  wi th  non -contam inating  fi lm  to  prevent fl ux spattering  during  the  wire  attach  
process.  Ensure  that  PWB lam inate  materia l  ad jacent  to  the  p lated  holes  does  not get  
damaged  during  soldering  by us ing  appropriate  time/temperature  parameters  for the  soldering  
i ron .  

9. 1 .6  Cleaning  after attachment 

Perform  appropriate  l ocal  cl ean ing  and  ri ns ing  after the  attachment of the  connecting  wires.  
I solation  res istance  between  connecting  wire  attachment s i tes  shou ld  remain  excel l ent during  
96  h  cond i tion ing .  Note  that each  CAF  test  fa i l u re  that occurs  during  subsequent testi ng  
shou ld  be  checked ,  to  determ ine  whether the  connecting  wi re  attach  area  i s  the  l ow 
res istance  s i te .  I f the  connecting  wi re  attach  area  rather than  the  da isy chain  area  is  the  l ow 
i nsu lation  res istance  s i te,  then  that test sample  i s  no  longer val i d  for data  anal ys is .  

9. 1 .7  Dry 

Bake sample  boards  for 6  h  i n  a  clean  oven  at (1 05  ±  2)  °C.  

9.2  Precondition  

Precond i ti on  test board  samples  in  a  b ias-free  state  (no  e lectrica l  potentia l  appl i ed  to  any test 
pattern)  for 24  h  m in imum  at (23  ±  2)  °C  and  (50  ±  5)  %  re lati ve  hum id i ty prior to  any i n i tia l  
i nsu lation  res istance  measurements  (measuring  i nsu lation  res istance  of each  daisy-chain  net  
on  each  test board  before  starti ng  the  fi rst 96  h  (±30  m in)  of b ias-free  temperature  and  
hum id i ty cond i tion ing) .  

9.3  Test procedure  

9.3. 1  Setting  of the  specimen  

a)  The  venti l ation  d i rection  and  a  specimen  s i de  shou ld  be  paral l e l .  The  specimen  may be  
hung  from  the  ce i l i ng  of the  chamber or i s  pu t  up  wi th  a  test fixture.  Specimens  shou ld  be  
i nstal led  i n  paral le l  to  the  a i r fl ow d i rection  wind  and  be  separated  1 5  mm  or more  so  that  
the  a i r flow i n  the  chamber may not be  d isturbed .  

b)  Avoid  cable  rou ti ng  and  d ips  wh ich  may a l l ow condensed  water to  d rop  on  the  test 
specimen .  

c)  Specimens  shou ld  not  be  p laced  close  to  the  heat source  and  wal l  of a  chamber.  The  
working  space  where  the  speci fied  testi ng  cond i ti ons  can  be  control led  wi th in  speci fi ed  
to lerance  i s  speci fied  i n  I EC  60068-3-5.  

9.3.2  Test vol tage  and  measuring  vol tage  

a)  The  recommended  vol tage  range  of test and  measuring  vol tage  i s  5  V DC to  1 00  V DC.  
The  vol tage  range  exceed ing  th is  range  may be  used  depend ing  on  i nd ividual  
speci fication .  

b)  The  test vol tage  and  the  measuring  vol tage  shal l  a lways  have  the  same polari ty,  and  as  a  
general  ru le  sha l l  be  assumed  to  have  the  same DC vol tage  value.  

c)  For tests  of mu l ti layer boards  the  method  to  suppl y test vol tage  between  each  l ayers  
depends  on  i nd ividual  speci fications.  
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9.3.3  Temperature and  humid i ty cond i tion  at the  start time  of the  test  

a)  F i rst the  temperature  is  ra ised  and  then  the  hum id i ty i s  i ncreased  wi th  a  su i table  time lag ,  
as  shown  i n  F igure  1 0 ,  so  as  to  avoid  dew formation  on  the  surfaces  of the  specimen  and  
the  wal l  i n  the  chamber.  

b)  The  test vol tage  shou ld  be  appl i ed  as  soon  as  the  chamber i s  i n  s table  cond i ti on .  

 

Figure 1 0  – Temperature and  humid i ty in  a  test  

c)  The  s tarting  cond i tion  of the  test i s  shown  in  F igure  1 0  i n  the  case  of a  s teady-state  test.  

d )  The  cycle  test cond i ti on  depends  on  the  i nd ividual  speci fication .  

e)  Appl ication  of a  test cond i tion  other than  speci fi ed  here,  i s  described  i n  the  i nd ividual  
speci fication .  

9.3.4  Measurement  

9.3.4.1  In i tial  measurement 

a)  After observing  the  specimen  visual l y or us ing  a  magn i fying  g lass  wi th  a  5  to  1 0×  
magn i fication  accord ing  to  9. 4,  the  measurement of the  i nsu lation  res istance  shal l  be  
carried  ou t.  

b)  The  i nsu lation  res istance  of the  test board  i n  standard  cond i ti on  shal l  be  confi rmed  to  be  
more  than  1 0 1 2  

Ω ,  bu t i t  shou ld  be  larger than  1 01 0  
Ω i f phenol  res in  i s  used .  When  the  

res istance  i s  stated  i n  an  i nd ividual  speci fication ,  observe  the  res istance.  

9.3.4.2  In termediate  measurement 

Checks  shal l  be  carried  ou t  to  ensure  data  be ing  measured  using  au tomatic  i nsu lation  
res istance  measurement equ ipment.  The  test  may be  i n terrupted  and  ou tpu t  data  shou ld  be  
checked  i n  detai l  i f necessary.  

9.3.4.3  Final  measurement 

The  specimen  is  taken  ou t of the  chamber as  soon  as  the  temperature  i n  the  chamber is  back 
to  room  temperature  at the  end  of the  test.  
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The  visual  i nspection  of a  specimen  wi th  a  magn i fying  g lass  wi th  a  5  to  1 0×  magn i fication  i s  
execu ted  accord ing  to  9. 4.  

The  i nsu lation  resistance  measurement i s  carried  ou t under the  s tandard  atmospheric 
cond i ti on  accord ing  to  4 . 1 .  

A fau l t  anal ys is  shou ld  be  made  i f necessary.  Observe  any cond i ti on  i f speci fi ed  in  i nd ividual  
speci fications.  

9.3.4.4  Evaluation  cri teria  

A fa i l ure  shou ld  be  recorded  i f the  res istance  becomes  less  than  1 06  
Ω i n  case  of 

measurement i ns ide  of the  chamber,  or l ess  than  1 07  
Ω in  case  of measurement ou ts ide  of the 

chamber.  

9.3.5  Procedure  in  test  i n terruption  

a)  I f the  test  i s  i n terrupted ,  the  specimen  is  carefu l l y hand led  to  avoid  

1 )  hand l ing  of the  specimen  wi th  bare  hands,  

2)  storing  i n  a  p lace  wh ich  has  a  l arge  temperature/hum id i ty d i fference  to  the  test  
envi ronment,  and  

3)  adhes ion  of d i rt  and  dust.  

b)  During  a  test i n terruption  the  period  when  the  envi ronmental  cond i ti ons  are  not s table  
shou ld  not be  i ncluded  in  the  test time.  

9.3.6  End  of test  

The test i s  fi n ished  after the  prescribed  exam ination  time.  

I f test  ends  wi th  the  mal function  of the  test equ ipment or abnormal  i nsu lation  res istance,  th is  
status  i s  recorded  clearl y i n  order to  obtain  any requ ired  i n formation  for l ater anal ys is.  

9.4 Visual  i nspection  

9.4. 1  General  

The i nspection  process  i s  described  be low.  For effective  observations  ensure  the  i l l um ination  
of the  sample  a l lows  for viewing  of both  of reflectance  and  transm ission  components  of the  
l igh t.  

9.4.2  Shape of electrochemical  m igration  

Representati ve  shapes  of m igration  are  shown  i n  a)  and  b)  and  photographs  are  a lso  i ncluded  
i n  Annex A.  

a)  Shape A (see  F igure  A. 1 ) :  The  observed  example  that dendri te-shaped  m igration  occurred  
on  the  board  surface.  

b)  Shape B  (see  F igure  A. 2) :  CAF  (an  example  of m igration  a long  the  g lass  fi bre).  
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Annex A 
(informative)  

 
Forms of electrochemical  migration  

A.1  Example of dendri te-shaped  migration  

 

Specimen :  the  FPC wh ich  d i d  Sn -Pb  surface  fi n i sh i ng  of copper patterns.  

Pattern  gap  i s  0 , 3  mm .  

Test cond i ti on :  water d ropped  method :  5  V DC appl i ed .  

Figure A. 1  – Example  which  is  generated  on  the  board  surface  

A.2  CAF (Example  of migration  along  the  g lass  fibre)  

 

Figure  A.2  – Example of CAF  
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