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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
INDUCTIVE COMPONENTS – RELIABILITY MANAGEMENT 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard ization  compris i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  ob ject  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  S tandards,  Techn ical  Speci fi cations,  
Techn ical  Reports,  Publ i cl y  Avai l abl e  Speci fi cati ons  (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 National  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al 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 ization  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  possi ble,  an  i n ternational  
consensus  of opin ion  on  the  re l 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 cati ons  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  accurate,  I EC  cannot be  he l d  responsibl e  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cati ons  
transparen tl y to  the  maximum  exten t poss ibl e  i n  thei r national  and  reg i ona l  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provide  any attestati on  of conform i ty.  I ndependent  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  respons i ble  for any 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es.  

6)  Al l  users  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 agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC Nati onal  Comm i 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 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 rel 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  possib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  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  6221 1  has  been  prepared  by I EC techn ical  committee  51 :  
Magnetic components,  ferri te  and  magnetic  powder materia ls .  

Th is  second  ed i ti on  cancels  and  replaces  the  fi rst ed i tion  publ ished  i n  2003.  Th is  ed i tion  
consti tu tes  a  techn ical  revis ion .  

Th is  ed i ti on  i ncludes  the  fol l owing  s ign i fican t techn ical  changes  wi th  respect to  the  previous  
ed i tion :  

a)  con tinuous  shock and  mechan ical  shock are  in tegrated  i n  the  test  cond i tions;  

b)  the  normative  references  i n  Table  3  are  changed .  
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The  text of th is  s tandard  i s  based  on  the  fol lowing  documents:  

FDIS  Report  on  voti ng  

51 /1 1 50/FDIS  51 /1 1 58/RVD  

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  s tandard  can  be  found  i n  the  report on  
voti ng  ind icated  in  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/IEC  D i recti ves,  Part 2 .  

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

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l ingual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  
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INDUCTIVE COMPONENTS – RELIABILITY MANAGEMENT 
 
 
 

1  Scope  

This  document i s  appl icable  to  i nductive  componen ts  (chokes  and  transformers)  based  on  
magnetical l y soft materia ls.  These  are  components  based  especia l l y on  l am inated  i ron  sheets,  
i ron  powder materia ls  ( i nclud ing  a l l oys),  as  wel l  as  ferri tes  and  amorphous  or crystal l i ne  meta l  
band  cores.  

Wind ing  assembl ies  mean  wire  wind ing  assembl ies  as  wel l  as  mu l ti l ayer and  s tacking  
technolog ies  of p lanar technology i nclud ing  coi l s  based  on  non-magnetic materia ls .  D iscrete  
type  components  and  the  d i fferent types  of surface  mount i nductive  components  (SMD)  are  
a lso  cons idered  i n  th is  document.  

The  re l iabi l i ty of assembl ies  of i nductive  components  based  on  several  technolog ies  such  as  
g lued  types,  types  wi th  cl amps  (cl i ps),  impregnated  (varn ished )  types  as  wel l  as  (vacuum)  
potted  types  can  a lso  be  checked  wi th  th is  document.  

The  subsequent determ inations  can  be  appl i ed  ei ther for the  primary qual i fication  of i nductive  
components  or for a l l  manners  of requal i fication  exam inations  (design ,  process,  change of 
production  faci l i ty) .  They can  a lso  be  appl i ed  for the  mon i toring  of products  ou t of actual  
manufacturing  processes.  

Th is  document sets  up  a  broad  bas is  of e lectric  and  mechan ical  cri teria  of fa i lu re  test  
procedures.  

I f manufacturers  advertise  compl iance  wi th  th is  standard  i n  the ir data  sheets ,  customers  can  
request data  to  demonstrate  compl iance  wi th  th is  standard .  The  customers  can  a lso  request 
the  product to  be  i n  compl iance  wi th  th is  s tandard  by a  recogn ised  body.  

Customers  and  manufacturers  can  e lect to  perform  add i tional  testing  and  acceptance cri teria  
d i fferent than  those  defined  in  th is  s tandard .  

2  Normative references  

The  fol lowing  documents ,  in  whole  or i n  part,  are  normative l y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i tion  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl ies .  

I EC 60068-2-1 ,  Environmental testing – Part 2-1 : Tests – Test A:  Cold 

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

IEC 60068-2-6 ,  Environmental testing – Part 2-6: Tests – Test Fc: Vibration (sinusoidal)  

IEC 60068-2-1 4,  Environmental testing – Part 2-14:  Tests – Test N: Change of temperature  

IEC 60068-2-27,  Environmental testing – Part 2-27: Tests – Test Ea and guidance: Shock 

IEC 60068-2-30,  Environmental testing – Part 2-30: Tests – Test Db: Damp heat,  cyclic 

(12 h  +  1 2 h  cycle)  
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IEC 60068-2-58,  Environmental testing – Part 2-58: Tests – Test Td: Test methods for 
solderability,  resistance to dissolution  of metallization and to soldering heat of surface 
mounting devices (SMD)  

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

I EC 60424  (a l l  parts) ,  Ferrite  cores – Guidelines on the limits of surface irregularities 

I EC 61 007: 1 994,  Transformers and inductors for use in  electronic and telecommunication 
equipment – Measuring methods and test procedures 

I EC 61 248  (a l l  parts),  Transformers and inductors for use  in  electronic and telecommunication 
equipment 

3 Terms and  defin i tions  

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

I SO and  I EC main tain  term inolog ical  databases  for use  i n  s tandard ization  at  the  fol lowing  
addresses:  

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

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

3. 1   
rel iabi l i ty 
<inductive  component>  componen t level  re l iabi l i ty of the  i nductive  component i n  the  
customer's  e lectrical  ci rcu i t  appl ication  

3.2   
rel iabi l i ty tests  
<component l evel>  sequence of tests  performed  on  an  i nd ividual  component,  each  speci fic  
test be ing  des igned  to  represen t cond i tions  under wh ich  the  componen t i s  expected  to  
operate  i n  end  appl ications  

Note  1  to  en try:  Categories  of test  l evel s  are  organ ised  to  be  cons isten t  for typical  appl i cati ons.  

3.3   
rel i abi l i ty tests  
<system  level>  sequence  of tests  performed  on  a  col lection  of components  as  arranged  i n  a  
speci fic end  appl ication  under working  cond i ti ons  

3.4   
component  fami ly 
group of components  characterised  by the  same common  features,  for example  the  same 
magnetic base  materia l ,  the  same core  s ize  and  the  same wind ing  type  

4 Component fami l ies  

I n  a  s im i lar way to  the  qual i fication  ru les  con tained  i n  I EC  61 248  (al l  parts) ,  re l iab i l i ty tests  
can  be  performed  on  typi cal  samples  representing  fam i l i es  of inductive  componen ts .  

A fam i l y of i nductive  components  is  defi ned  on  the  basis  of:  

•  the  same appl ication  class  as  speci fi ed  i n  I EC 61 248  (al l  parts) ;  

http://www.iso.org/obp
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•  the  same magnetic base  materia l  g roup  (for example  ferri te ,  metal  powder,  etc. ) ;  

•  the  same core  shape (for example  E-type,  RM ,  ri ng  core,  etc. ) ;  

•  the  same wind ing  type  (for example  wi re-wound ,  mu l ti l ayer,  stack,  etc. ) ;  

•  the  same term ination  con figuration  (PTH ,  SMD etc. ) ;  

•  comparable  accessories  and  i nsu lating  materia ls  (bobbin ,  cl amps,  i nsu lati ng  tapes,  etc. ) ;  

•  the  same insu lation  principle  (encapsu lation ,  impregnation ,  potting) .  

Th is  means  that rel i ab i l i ty tests  for a  fam i l y of unencapsu lated ,  wi re-wound  PTH  transformers  
on  RM  ferri te  cores,  for i nstance,  can  be  carried  ou t representati vel y on  smal l  and  large  s i ze  
models  (for example  RM4 and  RM1 4).  

S im i l ar conclusions  appl ied  to  the  other s i zes  regard ing  re l i ab i l i ty can  be  made,  as  long  as  
one  can  prove  that  a l l  materia ls  used  are  the  same i n  terms  of thei r load  characteristics.  

NOTE  Th is  app l i es  i n  parti cu l ar to  the  properties  of the  magneti c  materia l s  (N iZn -ferri te  cannot  be  hand l ed  i n  the  
same way as,  for example,  MnZn-ferri te),  the  bobbin  (plasti c/shape),  as  wel l  as  other materi a l s  such  as  cl i ps,  
bond ing  agen ts,  spacers  and  i nsu lati ng  tapes.  

5 Test samples  

5. 1  Classification  by appl ication  

With  regard  to  the ir appl ication  i n  accordance wi th  the  ru les  of I EC  61 248  (a l l  parts) ,  the  
i nductive  components  to  be  speci fi ed  here  are  classi fied  i n to  the  fo l l owing  classes:  

•  s i gnal  transformers  (ST);  

•  power transformers  (PT);  

•  power transformers  for swi tched  mode  power suppl ies  (PTS);  

•  pu lse  transformers  ( I T);  

•  i nductors  (chokes)  (C) ;  

•  RF  i nductors  (RF);  

•  i n termed iate  frequency transformers  (HF).  

Th is  cl ass i fication  as  wel l  as  a  further classi fication  wi th  regard  to  the  core  shape  and  the  
magnetic  materia l  shal l  be  documented .  I n  a  short  techn ical  description  the  materia ls  used  as  
wel l  as  the  construction  of the  i nductive  componen t shal l  be  presen ted ,  and  a  data  sheet as  
wel l  as  a  test speci fication  for th is  sha l l  be  enclosed .  I t  i s  necessary to  speci fy for enti re l y 
encapsu lated  inductive  components  the  d imensions  wi th  the ir to lerances  and  a  sectional  view 
of the  construction .  

Al l  test  samples  shal l  be  manufactured  i n  the  actual  production  envi ronment wi th  the  same  
tools  and  materia ls  as  used  during  regu lar production .  

5.2  Numbering  of samples  and  content of test report  

Al l  test samples  shal l  be  numbered .  Al l  test reports  shal l  con tain  the  fol lowing  in formation :  

•  part number;  

•  date  code;  

•  l ocation  of manufacture.  
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5.3  Pre-treatment  of test  samples  

5.3. 1  Magnetic pre-treatment 

I t  i s  essentia l  to  ensure  that the  test samples  are  i n  a  magnetica l l y n eu tral  state,  i . e .  i f 
necessary they shou ld  undergo  a  demagnetisation  cycle  before  the  tests  are  conducted  ( i n  
accordance  wi th  I EC 61 007).  

5.3.2  Mechan ical  pre-treatment 

For a l l  tests ,  the  test samples  shou ld  be  moun ted  on  carrier boards  that a l l ow easy contacts ,  
for example  prin ted  ci rcu i t  boards  wi th  p l ated-through  holes  (reflow soldering ,  wave  soldering ,  
screw-mounting ,  etc. ) .  The  carrier board  may not be  necessary for very l arge  components.  

5.3.3  Exposure  to  reflow temperature  profi le  

Mul tip le  exposures  to  a  reflow cycle  before  testi ng  shal l  be  a  pre-requ is i te  to  perform ing  the  
test  of Table  2 .  The  suggested  temperature  profi l e  for solder reflow components  i s  i n  
accordance  wi th  I EC 60068-2-58.  

The  number of cycles  and  the  temperature  shou ld  be  speci fi ed  i n  the  detai l  speci fication .  

6 Fai lure cri teria  

Fai lure  cri teria  are  mechan ica l  properties  and  e lectrica l  characteristics  that guarantee  that the  
i nductive  components  wi l l  work as  speci fied ,  wi th  serious  impairmen ts  i n  performance as  a  
resu l t i f they are  not met.  

The  mechan ical  fai l u re  cri teria  g i ven  i n  Table  1  are  a l l  des ignated  as  “general ”  fa i l u re  cri teria,  
wh ich  means  that they shal l  be  checked  at every stage  of the  test sequence i n  wh ich  
measurements  shal l  be  made  or the  fa i lu re  cri teria  checked .  I n  the  e lectrical  tests  as  speci fied  
i n  Table  2 ,  the  general  fa i l u re  cri teria  shou ld  be  treated  i n  the  same way as  the  mechan ical  
fai l u re  cri teria.  

The  other e lectrical  cri teria  can  be  cons idered  as  a  l i st  of suggestions  wh ich  may,  bu t  do  not  
necessari l y have  to  be,  tested ,  depend ing  on  thei r re levance  to  the  appl icat ion .  They shal l  be  
speci fied  expl ici tl y i n  a  qual i fication  accord ing  to  th is  document.  

Extra  cri teria  may be  added  to  both  the  mechan ical  and  the  e lectrical  fa i lu re  cri teria  accord ing  
to  customer requ irements.  I n  agreement wi th  the  customer,  these  can  be  used  as  add i ti onal  
cri teria  for a  general  fam i l y re lease  (where  at  l east one  other component s i ze  i s  be ing  tested) ,  
i n  order to  ach ieve  qual i fi cation  for the  whole  component fam i l y.  

A componen t fam i l y may be  speci fied  on  the  data  sheet as  being  “ i n  accordance  wi th  
I EC 6221 1 ”  i f the  “general ”  fa i l u re  cri teria  g i ven  in  the  “ test evaluation”  (see  Clause  9)  are  met.  
The  ri der “for the  fo l lowing  appl ication  classes  … ”  can  on l y be  g i ven  i f the  correspond ing  
fai l u re  cri teria  have  been  expl ici tl y l i sted  on  the  data  sheet.  

I f on l y certa in  fa i l u re  cri teria  g i ven  i n  th is  document are  i nvestigated  during  a  re l iab i l i ty test,  
then  the  manufacturer of the  i nductive  component i s  en ti tl ed  to  i ncl ude  a  reference i n  a  table  
or footnote  to  a l l  “ tests  wi th  fa i lu re  cri teria  as  g i ven  i n  I EC 6221 1 ” .  Fu l l  compl iance,  however,  
cannot be  cla imed .  

The  mechan ical  fai l u re  cri teria  l i s ted  i n  Table  1  are  general  fa i lu re  cri teria  (apart  from  solven t 
res istance)  wh ich  are  checked  before  and  after the  tests  wi th in  the  framework of the  
component anal ys is.  
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I f for special  properties  a  trend  of change  caused  by the  tests  i s  expected ,  th is  trend  shou ld  
be  fixed  as  part of the  re levant fa i l u re  cri teria.  Suppl ier data  sheets  wh ich  refer to  I EC  6221 1  
shou ld  con tain  th is  trend  as  part of the  property.  Trends  can  be  agreed  upon  between  
i n terested  parties.  

Table  1  – General  mechanical  fai lure  cri teria  

Parameter Fai lure  defin i tion  Measuring  method  a/test cri terion  

Glue  j oi n t  Cracks  i n  the  j oi n t  

Breakage  of the  j oi n t  

G l ue  comes  off 

Vi sual  i nspecti on  (1 0×  magn i fi cation )  

Cracks,  breakage  of the  g l ue  or g l ue  com ing  off are  
general l y not  adm issib le  

Wi re  Wi re  breakage  

Damaged  i nsu lati ng  
varn i sh  

Vi sual  i nspecti on  (1 0×  magn i fi cation )  

Damaged  i nsu lati ng  varn i sh  

Max.  of test   wi re  d i ameter:  wi re  d iameter <  0 , 5  mm  

0, 5  mm  max. :  wi re  d iameter >  0 , 5  mm  

NOTE  Th is  wi re  damage  i s  the  one  caused  by the  
re l i abi l i ty test  i n  add i ti on  to  the  damage  by pre-
soldering  prior to  the  test.  

Coi l  former a)  Deform ing  

b)  Cracks  

c)  Breakage  

Mobi l i ty of the  pi ns  

Vi sual  i nspecti on  (1 0×  magn i fi cation )  for i tems  a),  b) ,  
and  c)  

Mobi l i ty of p i ns  i n  manual  test  not  adm iss ible  

Term inal  reten ti on  test  shal l  be  speci fi ed  between  
parti es  concerned  

Mounti ng  parts  Snap  and  damage  of 
mounti ng  parts  (cl amps,  
covers ,  i nsu lati ng  tape)  

Vi sual  i nspecti on  on  presence  of part  and  on  correct  
function i ng  

An  i nsu lati ng  tape  i s  consi dered  as  detached  i f the  
wi nd ing  under the  tape  i s  vi s i b l e  

Encapsu lati on  Spl i n ters  

Cracks  

F laking ,  d elam inati on ,  
bu l g i ng  

Vi sual  i nspecti on  (1 0×  magn i fi cation )  

Not adm issibl e  

Mol d ing  res in  comes  off 
the  case  (housi ng )  

Vi sual  i nspecti on  (1 0×  magn i fi cation ).  General l y not  
adm iss ible  for components  working  at  operati ng  vol tage  

>  1 00  V  

For components  working  at  operati ng  vol tage  <  1 00  V,  
on l y adm issib le  i f conducti ng  con tact  between  case  and  
transformer can  be  excl uded  (to  be  proved  by 
constructional  d rawing  showing  sectional  vi ew)  

Bubbl e  formation  i n  
vacuum  potti ng  

Bubbl es  are  not  perm i tted  

Solven t res i stance  
(opti onal )  

Chem ical  reaction  wi th  
ambient  substances  

(Defi n i ti ons  of fa i l u re  cri teria  and  measuri ng  methods  
accord i ng  to  customer speci fi cations  on ly)  

Magneti c  components  
(ferri te  cores,  i ron  powder 
cores,  a l l oy power cores,  
metal  band  cores)  

Ch ips  

Cracks  

Breakage  

Testi ng  and  fai l u re  cri teria  accord ing  to  I EC 60424  (a l l  
parts)  

Solder j o i n t  at  i nducti ve  
component (not  sol der 
j o i n ts  at  carrier board)  

Mod i fi cations  of the  sol der 
j o i n ts  (compared  to  the  
state  when  suppl i ed )  

Vi sual  i nspecti on  (1 0×  magn i fi cation )  

Evaluation  accord ing  to  I EC 61 007: 1 994,  4 . 2 . 2  

NOTE  The  measuri ng  method  i s  underl i ned .  

 

Table  2  l i s ts  the  e lectrica l  properties  of the  components,  the  respective  standards  and  test 
cond i ti ons  and  special  requ i rements.  
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Table  2  – Electrical  fai lure  cri teria  

Parameter Appl ication  class  a  Fai l ure  defin i tion  Measuring  method  b  

I nductance  or impedance  General  Beyond  the  scope  of 
the  speci fi cation  c

 
4. 4. 4 . 1  

Conducti ng  s tate  of 
wind ing  

Genera l  No  conduction  Same measurement as  DC 
res i stors  (4 . 4. 1 . 1 )  

H igh -vol tage  res i stance  Genera l  Beyond  the  scope  of 
the  speci fi cati on  

4 . 4 . 2 . 1  

Polari ty  Genera l  I ncorrect  pol ari ty  Same measurement as  
tu rns  ratio  (no  standard  
cri teri on  for s i ng l e  wi nd i ng  
chokes)  4 . 4. 1 7  or 
transformation  ratio  
4 . 4 . 7 . 1  

Turns  ratio  Genera l  I ncorrect  tu rns  ratio  (See  polari ty)  

DC resi stance  Genera l  Beyond  the  scope  of 
the  speci fi cation  c  

4 . 4 . 1 . 1  

Qual i ty factor Q  C ,  ST Beyond  the  scope  of 
the  speci fi cation  c  

4 . 4 . 3. 3  

Resonant  frequency C,  PTS,  RF,  HF,  ST,  I T  Beyond  the  scope  of 
the  speci fi cation  

4 . 4. 8. 1  

Leakage  i nductance  PT,  PTS,  HF,  ST,  I T Beyond  the  scope of 
the  speci fi cation  

4 . 4. 4. 2  

No- load  cu rren t  PT,  PTS,  ST Beyond  the  scope of 
the  speci fi cation  

4 . 4. 3. 1  

Magneti c  sh iel d i ng  PT,  PTS,  RF,  HF,  ST,  I T Beyond  the  scope of 
the  speci fi cation  

4 . 4. 21 . 1  

I nsu lation  res i stance  
(standard  atmospheric  
cond i ti ons)  

PT,  PTS,  HF,  ST,  I T  Beyond  the  scope of 
the  speci fi cation  

4 . 4 . 2 . 3  

Capaci ti ve  test  of sh iel ds  PT,  C,  PTS,  ST,  I T Beyond  the  scope of 
the  speci fi cation  

4 . 4. 1 8. 1  

Noise  l evel  PT,  C,  PTS,  ST,  I T Beyond  the  scope  of 
the  speci fi cation  

4 . 4. 1 9. 1  

Capaci tance  PTS,  HF,  ST,  I T Beyond  the  scope  of 
the  speci fi cation  

Sel f-capaci tance  4 . 4. 6. 1  

I n terwind ing  capaci tance  
4 . 4. 6. 2  

Magneti c  fl u x l eakage  PT,  C,  PTS  Beyond  the  scope of 
the  speci fi cation  

4 . 4 . 21 . 2  

Temperatu re  ri se  PT,  PTS,  I T,  C,  RF,  HF,  
ST 

Beyond  the  scope of 
the  speci fi cation  

4 . 4 . 1 5  

Short-term  
(operation  under l oad )  

PT,  PTS,  HF,  ST,  I T Beyond  the  scope of 
the  speci fi cation  

4 . 6. 1  (on l y appl i cable  to  
specia l  HF  components)  

I nsertion  l oss  HF,  ST Beyond  the  scope  of 
the  speci fi cation  

4 . 4. 9. 1  

Retu rn  l oss  HF,  ST Beyond  the  scope  of 
the  speci fi cation  

4 . 4. 9. 2  

Total  harmon ic d i storti on  HF,  ST Beyond  the  scope  of 
the  speci fi cation  

4 . 4. 1 3  

Vol tage-time  l oadabi l i ty  PTS,  I T Beyond  the  scope of 
the  speci fi cation  

4 . 4 . 1 2  

a  Accord ing  to  I EC 61 248  (a l l  parts).  

b  Subclause  number accord i ng  to  I EC 61 007: 1 994.  

c  Depend ing  on  the  materia l s  and  assembl ies  used ,  sh i fts  of parameters  du ri ng  the  test  may be  a l l owed  as  far 
as  speci fi ed  or agreed  upon .  

 



I EC 6221 1 : 201 7  © I EC 201 7  – 1 1  –  

7 Test condi tions  and  speci fication  of the minimum requirements  

Table  3  speci fi es  the  test cond i tions  for the  test specimen  of re l i abi l i ty tests.  There  are  two  
d i fferent types  of test  cond i ti ons :  

Al l  cond i ti ons  wh ich  are  des ignated  as  “optional ”  are  based  on  appl ication -speci fic requ i re-
ments  and  cannot be  speci fi ed  i n  general  terms.  They are  not b i nd ing  for compl iance  wi th  th is  
document.  

When  a l l  general  cond i ti ons  of th is  document are  compl ied  wi th ,  the  manufacturer i s  a l l owed  
to  state  i n  a  data  sheet that the  component series  i s  a lso  in  accordance  wi th  the  optional  test  
cond i ti ons  of I EC 6221 1  when  a l l  of thei r detai ls  are  speci fied .  

NOTE  1  Bend ing  and  sol derabi l i ty have  not  been  considered  i n  Tabl e  3  bu t  can  be  added  and  the  tests  performed  
accord i ng  to  I EC 60068-2-21 ,  I EC 60068-2-20,  I EC 60068-3-1 3,  I EC 60068-2-54  and  I EC 60068-2-58.  

NOTE  2  Substrate  bend i ng  accord ing  to  I EC 60068-2-21  and  sol derab i l i ty/resi stance  to  so l dering  heat accord i ng  
to  I EC 60068-2-20,  I EC 60068-3-1 3,  I EC 60068-2-54  and  I EC 60068-2-58  have  not  been  cons idered  i n  Table  3 ,  bu t  
i f these  tests  are  requested  they cou l d  be  performed  accord ing  to  these  documents .  
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Table  3  – Test conditions  (1  of 2)  

I tems  Level  S  a  Level  A a  Level  B  a  Level  C  a  Level  D  a  

Temperature  cycl e  
accord ing  to  IEC  60068-2-1 4 
Test Na  

No.  of cycles  1  000  b  1  000  b  1 00  c  1 00  1 0  

High  temperature  1 50  °C  1 25  °C  1 25  °C  d  

1 05  °C  d  
85  °C  d  

85  °C  70  °C  

Low temperatu re  −55  °C  −40  °C  −40  °C  −40  °C  −25  °C  

Transi t  period   m  <  1 5  g  30  s  30  s  30  s  3  m in  3  m in  

Transi t  period   500  g  >  m  ≥  1 5  g  3  m in  3  m in  3  m in  3  m in  3  m in  

Transi t  period   m  ≥  500  g  55  m in  55  m in  55  m in  55  m in  55  m in  

Dwel l  time  30  m in  30  m in  30  m in  30  m in  30  m in  

Humid i ty test  
accord ing  to  IEC  60068-2-78  

Condi tion  85  °C/85  %  RH  85  °C/85  %  RH  40  °C/90  %  RH  e  
60  °C/90  %  RH  e  
85  °C/85  %  RH  e  

40  °C/90  %  RH  40  °C/90  %  RH  

Period  1  000  h  1  000  h  1  000  h  96  h  96  h  

Storage  test  
accord ing  to  IEC  60068-2-2   
Test Bb  

Storage  temperature  1 50  °C  1 25  °C  1 25  °C  d  

1 05  °C  d  
85  °C  d  

85  °C  70  °C  

Duration  1  000  h  1  000  h  1  000  h  500  h  96  h  

Non-repeti tive  shock accord ing  
to  IEC  60068-2-27  

 2  000  m /s2  
6  ms,  3  axes  

1  000  m /s2  
6  ms,  3  axes  

1  000  m /s2  
6  ms,  3  axes  

1  000  m /s2  
6  ms,  3  axes  

Not  speci fi ed  

Vibration-sinusoidal  
accord ing  to  IEC  60068-2-6  

 (1 0  to  2  000)  Hz  
A  =  1 , 5  mm  or 
200  m /s2  max.  
1 0  cycle/axis  
1  oct/m in  

(1 0  to  2  000)  Hz  
A  =  1 , 5  mm  or 
200  m /s2  max.  
1 0  cycle/axis  
1  oct/m in  

(1 0  to  500)  Hz  
A  =  0 , 75  mm  or 
1 00  m /s2   
1 0  cycle/axis  
1  oct/m in  

(1 0  to  55)  Hz  
A  =  1 , 5  mm  or 
sweep  1  m in  
3  axes,  2  h /axis  
6  h  

Not speci fi ed  

Repeti ti ve  shock accord ing  to  
IEC  60068-2-27  

 Cond i ti on  to  be  speci fi ed  between  parti es  concerned  Not speci fi ed  

Vibration-random  (optional )   Cond i ti on  to  be  speci fi ed  between  parti es  concerned  Not speci fi ed  
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Table  3  (2 of 2)  

I tems  Level  S  a  Level  A a  Level  B  a  Level  C  a  Level  D  a  

Storage  test at  l ow 
temperature  (optional )  
accord ing  to  IEC  60068-2-1  
Test Ab  

Condi tion/period  –55 °C/96  h  –40  °C/96  h  –40  °C/96  h  –40  °C/96  h  Not  speci fi ed  

Humid i ty cycle  test (optional )  
accord ing  to  IEC  60068-2-30  
Test cycl e  – Vari ant 2  

Condi tion/period  Start  temperature  25  °C  ±  3  °C  /  
Upper a i r temperatu re  55  °C  /  
1  cycle  

Not  speci fi ed  

a   Appl i cation  examples:  

 Level  S  i s  i n tended  typical l y for,  bu t  not  l im i ted  to,  eng ine  compartment  i n  au tomobi l e.  

 Level  A i s  i n tended  for general  non  eng i ne  compartment  i n  au tomobi l e.  

 Level  B  i s  i n tended  for te l ecommun ication  and  power suppl y.  

 Level  C  i s  i n tended  for consumer e l ectron ics .  

 Level  D  i s  i n tended  for bu lk transformers.  

b   For econom ical  reasons,  the  number of cycles  can  be  1 00  or 300  i f both  parti es  ag ree.  

c  The  number of cycles  can  be  rai sed  to  300  at  customer’s  speci fi c  request.  

d   I f B  i s  chosen ,  one  of the  three  temperatu res  i nd icated  shal l  be  speci fi ed  accord ing  to  the  appl i cati on .  

e   I f B  i s  chosen ,  one  of the  three  hum id i ty cond i ti ons  shal l  be  speci fi ed  accord ing  to  the  appl i cation .  
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8 Test sequence  

As a l ready speci fi ed  i n  Clause  4 ,  the  fi rst  step  is  to  define  the  un i ts  under test.  

These  are  parts  taken  from  mass  production ,  or parts  manufactured  wi th  series  production  
equ ipment under mass  production  cond i ti ons.  

A separate  test  g roup  of 30  test  un i ts  shou ld  be  provided  for each  test cond i tion ing  procedure  
as  speci fied  i n  C lause  7 .  

The  number of test  un i ts  for a  separate  test group  can  be  reduced  to  5  for very l arge  and  
expensive  components.  Th is  document has  del i beratel y avoided  l i nking  together a  series  of 
test cond i ti on ing  procedures,  as  the  complexi ty of the  componen ts  means  that  there  shal l  be  
a  cl ear assignment of cond i tion ing  procedure  to  the  fa i lu re  cri terion .  

Al l  test un i ts  shal l  be  numbered  and  tested  against a l l  the  general  fa i l u re  cri teria  speci fied  in  
Clause  6 ,  and  the  resu l ts  documented  (add i tional  cri teria  are  poss ible  as  an  option ,  see  
Clause  6).  The  test un i ts  sha l l  then  be  d i vi ded  i n to  the  test groups  and  mounted  on  the  carrier 
boards.  After they are  attached  to  the  carrier boards ,  a  visual  i nspection  shou ld  be  performed  
for a l l  mechan ical  fa i l u re  cri teria  i f poss ib le.  

NOTE  For SMD,  th i s  i s  a  test  of the  thermal  s tabi l i ty of the  device  as  speci fi ed  i n  I EC 60068-2-20.  

Al l  e lectrica l  fa i lu re  cri teria  speci fied  are  a lso  checked  at  th is  poin t.  

Th is  i s  fo l l owed  by the  l oad  cond i ti on  tests  speci fied  i n  Clause  7 .  

After the  tests  and  after a  m in imum  of 2  h  and  a  maximum  of 48  h  ou t of operation  at room  
temperature,  the  test un i ts  sha l l  once  again  be  checked  against a l l  general  fa i lu re  cri teria,  and  
against any optional  fa i l u re  cri teria  i f appl icable,  wi th  the  resu l ts  documented  i n  the  test report.  

9  Test evaluation  

The  general  ru le  for a l l  test groups  is  that after the  test l oad  cond i ti on  procedures,  no  fa i l u res  
are  adm issib le  against any of the  general  fa i l u re  cri teria  or any optional  fa i l u re  cri teria  that  
may apply.  I f one  or more  componen ts  fai l  i n  one  test  group,  then  a  one-off requal i fication  
process  i s  possib le.  Th is  means  that the  test cycle  of the  fa i l u re  group  i s  repeated  once  more  
on  the  add i tional  reserve  batch  of 30  components.  Th is  process  can  be  carried  ou t for a  
maximum  of 2  g roups  (general  l oad  cond i ti on  procedures).  

I f the  requal i fication  test  i s  completed  successfu l l y wi thou t fa i l u res,  then  the  re l i abi l i ty test  
speci fied  accord ing  to  th i s  document can  be  considered  as  passed .  For optional  qua l i fications,  
these  may a lso  be  speci fied  expl ici tl y for th is  component.  

I f fai l u res  s ti l l  arise  i n  the  requal i fication  test for general  l oad  cond i tions,  the  re l iabi l i ty test 
speci fied  accord ing  to  th is  document cannot be  cons idered  as  passed .  The  cause  of the  
fai l u res  shal l  then  be  e l im inated  by the  manufacturer i n  a  redesign  process  (wi th  proof),  
and  the  resu l ti ng  redes igned  parts  shal l  undergo  another fu l l  re l i abi l i ty test as  speci fied  i n  
th is  document.  

I f fa i lu re  occurs  i n  optional  test  requal i fications,  then  a l though  general  fu l fi lment of the  
re l iabi l i ty requ irements  g i ven  i n  th is  document i s  confi rmed ,  i t  i s  not perm i tted  to  speci fy 
the  optional  qua l i fications  as  g i ven  i n  th is  document i n  the  data  sheet.  
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