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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
FIXED CAPACITORS FOR USE IN  ELECTRONIC EQUIPMENT –  

 
Part 1 5:  Sectional  specification:   

Fixed  tantalum  capaci tors  wi th  non-sol id  or sol id  electrolyte  
 

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  q uestions  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 cati ons,  
Techn ical  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 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  a l 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  con tent  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 agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i 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 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 ib 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 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

I n ternational  Standard  I EC  60384-1 5  has  been  prepared  by I EC techn ical  committee  40:  
Capaci tors  and  res istors  for e l ectron ic equ ipment.  

Th is  second  ed i tion  cancels  and  replaces  the  fi rst  ed i ti on  publ ished  in  1 982,  
Amendment 1 : 1 987  and  Amendment 2 : 1 992,  and  consti tu tes  a  techn ica l  revis ion .   

Th is  ed i ti on  i ncludes  the  fol l owing  s i gn i fican t techn ical  changes  wi th  respect to  the  previous  
ed i tion :  
  
a)  Revis ion  of the  structure  i n  accordance  wi th  I SO/I EC  D irecti ves,  Part 2 : 201 6  (seventh  

ed i tion)  to  the  exten t practicable,  and  harmon ization  between  other s im i lar kinds  of 
documents.   

b)  I n  add i ti on ,  C lause  4  and  a l l  the  tables  have  been  reviewed  i n  order to  prevent d upl ications  
and  contrad ictions.   
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The  text of th is  I n ternational  Standard  i s  based  on  the  fol lowing  documents:  

FDIS  Report  on  voti ng  

40/2523/FDIS  40/2535/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 .  

The  l i st of a l l  parts  of the  I EC  60384  series ,  under the  general  ti t le  Fixed capacitors for use in  
electronic equipment,  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.  
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FIXED CAPACITORS FOR USE IN  ELECTRONIC EQUIPMENT –  
 

Part 1 5:  Sectional  specification:   
Fixed  tantalum  capaci tors  with  non-sol id  or sol id  electrolyte  

 
 
 

1  General  

1 . 1  Scope  

This  part of I EC  60384  appl ies  to  th rough-hole/l eaded  polar and  b ipolar tan talum  electrol yte  
capaci tors  wi th  sol i d  and  non-sol id  e l ectrol yte  for u se  i n  e lectron ic equ ipment.  

I t  i ncl udes  capaci tors  for l ong- l i fe  appl ications  and  capaci tors  for general -purpose  
appl ications.  

Capaci tors  for specia l  pu rpose  appl ication  may need  add i tional  requ i rements.  

Th is  document covers  two basic sub-fam i l ies:  

•  Sub-fam i l y 1 :  F ixed  non-sol i d  e lectrol yte  tan talum  capaci tors  wi th  porous  anode.  

•  Sub-fam i l y 2 :  F ixed  sol i d  e lectrol yte  tanta lum  capaci tors  wi th  porous  anode.  

1 .2  Object  

The obj ect of th is  document i s  to  prescribe  preferred  ratings  and  characteristics  and  to  se lect  
from  I EC 60384-1 : 201 6  the  appropriate  qual i ty assessment procedures,  tests  and  measuring  
methods  and  to  g i ve  general  performance requ i rements  for th is  type  of capaci tor.  Test 
severi ties  and  requ i rements  prescribed  i n  detai l  speci fications  referring  to  th is  sectional  
speci fication  shal l  be  of equal  or h i gher performance  l evel ,  because  l ower performance  l evels  
are  not perm i tted .  

1 .3  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 i rements  of th is  document.  For dated  references,  on l y the  ed i ti on  
ci ted  appl ies.  For undated  references,  the  l atest ed i ti on  of the  referenced  document ( i ncl ud ing  
any amendments)  appl i es.  

I EC 60063,  Preferred number series for resistors and capacitors  

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

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

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

I EC  60384-1 : 201 6,  Fixed capacitors for use in  electronic equipment – Part 1 :  Generic 
specification  

I EC  6041 7,  Graphical symbols for use on  equipment 

IEC 61 1 93-2: 2007,  Quality assessment system – Part 2: Selection and use of sampling plans 
for inspection  of electronic components and packages  
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ISO  3,  Preferred numbers – Series of preferred numbers  

1 .4  Information  to  be  g iven  in  a  detai l  specification  

1 .4. 1  General  

Detai l  speci fications  shal l  be  derived  from  the  b lank deta i l  speci fication .  

Deta i l  speci fications  shal l  not speci fy requ i rements  i n ferior to  those  of the  generic,  sectional  
or bl ank detai l  speci fication .  When  more  severe  requ i rements  are  i ncluded ,  they shal l  be  
l i sted  i n  1 . 9  of the  detai l  speci fication  and  i nd icated  in  the  test schedu les ,  for example,  by an  
asterisk.  

The  i n formation  g i ven  in  1 . 4. 2  may,  for conven ience,  be  presented  in  tabu lar form .  

The  fol lowing  i n formation  shal l  be  g i ven  in  each  detai l  speci fication  and  the  values  quoted  
shal l  preferabl y be  selected  from  those  g i ven  i n  the  appropriate  clause  of th is  sectional  
speci fication .  

1 .4.2  Outl ine  d rawing  and  d imensions  

There  shal l  be  an  i l l ustration  of the  capaci tors  as  an  a id  to  easy recogn i ti on  and  for 
comparison  of the  capaci tors  wi th  others.  

Dimensions  and  thei r associated  to lerances,  wh ich  affect i n terchangeabi l i ty and  mounting ,  
shal l  be  g i ven  in  the  detai l  speci fication .  Al l  d imensions  shal l  preferabl y be  stated  in  
m i l l imetres.  However,  when  the  orig inal  d imensions  are  g iven  i n  i nches,  the  converted  metric  
d imensions  i n  m i l l imetres  shal l  be  added .  

The  numerical  values  of the  body shal l  be  g i ven  as  fo l l ows:  

•  for general :  the  l eng th ,  wid th  and  heigh t;  

•  for cyl i ndrica l  body:  the  d iameter and  l eng th .  

The  numerical  values  of the  term inals  shal l  be  g i ven  as  fol l ows:  

•  for general :  the  spacing ;  

•  for l eaded  term inals:  the  d iameter and  spacing .  

When  the  configuration  i s  other than  described  above,  the  deta i l  speci fication  shal l  state  such  
d imensional  in formation  as  wi l l  adequatel y describe  the  capaci tor.   

1 .4.3  Mounting  

The detai l  speci fication  shal l  speci fy the  method  of mounting  to  be  appl i ed  for normal  use  and  
for the  appl ication  of the  vibration  and  the  bump or shock tests.  The  des ign  of the  capaci tor 
may be  such  that specia l  mounting  fi xtures  are  requ ired  i n  i ts  use.  I n  th is  case,  the  detai l  
speci fication  shal l  describe  the  mounting  fixtures  and  they shal l  be  used  i n  the  appl ication  of 
the  vibration  and  bump or shock tests .  

1 .4.4  Ratings  and  characteristics  

1 .4.4.1  General  

The ratings  and  characteristics  shal l  be  g iven  i n  accordance wi th  the  re levan t clauses  of th is  
speci fication ,  together wi th  the  i n formation  i n  1 . 4 . 4. 2,  1 . 4. 4. 3  and  1 . 4. 4 . 4 .  



I EC 60384-1 5:201 7  © I EC 201 7  –  9 –  

1 .4.4.2  Nominal  capaci tance  range  

See  2 . 2. 1 .  

When  products  approved  to  the  deta i l  speci fication  have  d i fferent capaci tance  ranges,  the  
fol lowing  statement shou ld  be  added :  

”The  nom inal  capaci tance  range  avai l able  in  each  vol tage  range  is  g i ven  i n  the  reg ister of 
approvals ,  avai lab le  for example  on  the  I ECQ on- l ine  certi ficate  system  websi te  
www. iecq .org” .  

1 .4.4.3  Particu lar characteristics  

Add i ti onal  characteristics  may be  l i s ted ,  when  they are  cons idered  necessary to  speci fy 
adequatel y the  component for des ign  and  appl ication  purposes.  

1 .4.4.4  Soldering  

The deta i l  speci fication  shal l  speci fy the  test  methods,  severi ties  and  requ i rements  appl icable  
for the  solderabi l i ty test and  the  res istance  to  soldering  heat tests.  

1 .4.5  Marking  

The deta i l  speci fication  shal l  speci fy the  conten t  of the  marking  on  the  capaci tor and  on  the  
packag ing .  When  there  are  deviations  from  1 . 6,  these  shal l  be  g i ven  i n  the  detai l  
speci fication .  

1 .5  Terms and  defin i tions  

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

I SO and  I EC main tain  term inolog ical  databases  for use  i n  standard ization  at the  fol l owing  
addresses:  

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

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

1 .5. 1   
capaci tance  

<electrol ytic capaci tor>  equ ivalent ci rcu i t having  capaci tance  and  resistance  i n  series  
measured  wi th  a l ternating  curren t,  approximatel y s i nusoidal  waveform  at a  speci fi ed  
frequency 

1 .5.2   
capaci tor 
<long- l i fe  grade>  capaci tors  i n tended  for appl ications  where  a  h igh  degree  of stabi l i ty of 
characteristics  over a  l ong  l i fe  i s  essentia l  

1 .5.3   
capaci tor 
<general -purpose  grade>  capaci tors  i n tended  for appl ications  where  the  h igh  performance  
l evel  of l ong- l i fe  grade  capaci tors  is  not requ i red  

1 .6  Marking  

1 . 6. 1  General  

See  I EC 60384-1 : 201 6,  2 . 4 ,  wi th  the  deta i l s  of 1 . 6. 2 ,  1 . 6. 3  and  1 . 6. 4.  

http://www.electropedia.org/
http://www.iso.org/obp
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1 .6.2  Information  for marking  

The i n formation  g i ven  i n  the  marking  is  normal l y selected  from  the  fol lowing  l i st;  the  relative  
importance  of each  i tem  i s  i nd icated  by i ts  posi ti on  i n  the  l i st:  

a)  polari ty of the  term inations  (un less  i denti fi ed  by the  construction) ;  

b)  nom inal  capaci tance;  

c)  rated  vol tage  (d . c.  vol tage  may be  i nd icated  by the  symbol :   ( I EC 6041 7-5031 :2002)  

or  ) ;  

d )  to lerance on  nom inal  capaci tance;  

e)  year and  month  (or year and  week)  of manufacture;  

f)  manufacturer's  name and /or trade  mark;  

g )  manufacturer's  type  des ignation ;  

h )  reference  to  the  deta i l  speci fication .  

1 .6.3  Marking  on  capacitors  

The capaci tor shal l  be  clearl y marked  wi th  a),  b)  and  c)  of 1 . 6. 2  and  wi th  as  many as  poss ib le  
of the  remain ing  i tems  as  i s  considered  necessary.  Any dupl ication  of i n formation  i n  the  
marking  on  the  capaci tor shou ld  be  avoided .  

1 .6.4  Marking  on  packaging  

The packag ing  con tain ing  the  capaci tors  shou ld  be  clearl y marked  wi th  a l l  of the  i n formation  
l i sted  i n  1 . 6. 2  as  necessary.  

2  Preferred  ratings  and  characteristics  

2. 1  Preferred  characteristics  

Preferred  cl imatic  categories  on l y shal l  be  g iven  i n  the  preferred  characteristics.  

The  capaci tors  covered  by th is  speci fication  are  classi fied  i n to  cl imatic  categories  accord ing  
to  the  general  ru les  g iven  i n  I EC  60068-1 : 201 3,  Annex A.  

The  l ower and  upper category temperature  shal l  be  taken  from  the  fo l lowing :  

•  l ower category temperature:   −55  °C;  

•  upper category temperature:   +85  °C and  +1 25  °C.  

•  d uration  of the  damp heat,  s teady state  test:  21  and  56  days.  

The  severi ties  for the  cold  and  d ry heat tests  are  the  l ower and  upper category temperatures  
respectivel y.  

2.2  Preferred  values  of ratings  

2.2. 1  Nominal  capacitance  (CN )  

Preferred  values  of nom inal  capaci tance  are  shown  i n  m icrofarad  (µF) .  

Preferred  va lues  of nom inal  capaci tance  shal l  be  taken  from  the  E1 2  series  of I EC  60063  and  
the ir decimal  mu l ti ples .  These  va lues  are:   

1 , 0  – 1 , 2  – 1 , 5  – 1 , 8  – 2 , 2  – 2 , 7  – 3, 3  – 3 , 9  – 4 , 7  – 5, 6  – 6 , 8  – 8, 2 ;  



I EC 60384-1 5:201 7  © I EC 201 7  –  1 1  –  

and  the ir decimal  mu l tip les  (× 1 0n ,  n :  i n teger) .  

2.2.2  Tolerance on  nominal  capacitance  

Preferred  values  of to lerances  on  rated  capaci tance  are:  

±5  %  ,  ±1 0  %  ,  ±20  %  

2.2.3  Rated  vol tage (UR)  

Preferred  values  of rated  d i rect vol tages  taken  from  the  R1 0,  R20  and  R40  series  of I SO 3  
are:  

•  from  R 1 0:  1 , 0  – 1 , 25  – 1 , 6  – 2 , 0  – 2 , 5  – 3, 1 5  – 4 , 0  – 5 , 0  – 6, 3  – 8 , 0 ;  

•  from  R 20:  3, 5 1 ;  

•  from  R 40:  3, 0  – 7 , 5;  

and  the ir decimal  mu l ti p les  (× 1 0n ,  n :  i n teger).  

2.2.4  Category vol tage  (UC)  

The category vol tages  for capaci tors  having  an  upper category temperature  of 1 25  °C  are  
g i ven  i n  Table  1 .  

2.2.5  Reverse vol tage  

I f requ i red ,  the  va lue  of reverse vol tage,  wh ich  a  polar capaci tor can  wi thstand  continuous l y at  
any temperature  between  the  lower category temperature  and  the  rated  temperature,  sha l l  be  
i ncluded  i n  the  deta i l  speci fication .  

2.2.6  Surge vol tage  (URS  or UCS)  

The surge  vol tage  shal l  be  a  m in imum  of 1 , 1 5  times  the  rated  or category vol tage  rounded  off 
to  the  nearest vol t  g iven  i n  Table  1 .  

Table  1  – Rated ,  category and  surge  vol tages  

Values in  volts  

U
R  2  3  4  6 , 3  1 0  1 6  20  25  35  40  50  63  75  1 00  1 25  

U
C  1 , 3  2  2 , 6  4 , 2  6 , 7  1 0, 7  1 3 , 4  1 6 , 7  23, 4  26, 8  33, 5  42 , 2  50, 2  67  83, 7  

U
RS  2, 3  3 , 4  4 , 6  7 , 2  1 1 , 5  1 8, 4  23  28, 7  40, 2  46  57, 5  74, 4  86, 2  1 1 5  1 43, 7  

U
CS

 1 , 4  2 , 3  3  4 , 8  7 , 7  1 2 , 3  1 5, 4  1 9, 2  26, 9  30, 8  38, 5  48, 5  57, 7  77  96, 2  

Key 

U
R
:   Rated  vol tage  

U
C
:   Category vol tage  

U
RS

:  Su rge  vol tage  to  rated  vol tage  

U
CS

:  Su rge  vol tage  to  category vol tage  

 

2.2.7  Ripple  ( i f requ ired)  

Ripple  cu rrent and/or ripple  vol tage  shal l  be  speci fied  i n  the  deta i l  speci fication .  

——————— 
1  I SO  3  i nd icates  the  va l ue  3 , 55  for R 20  
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2.2.8  Rated  temperature  

The standard  value  of the  rated  temperature  i s  +85  °C un less  otherwise  speci fied  i n  the  deta i l  
speci fication .  

3 Qual i ty assessment procedures  

3. 1  Primary stage of manufacture  

For capaci tors  wi th  sol i d  e lectrol yte,  the  primary stage  of manufacturing  is  the  formation  of the  
oxide  l ayer.  

3.2  Structural ly s im i lar components  

Capaci tors  considered  as  being  structural l y s im i lar are  capaci tors  produced  wi th  s im i lar 
processes  and  materia ls,  though  they may be  of d i fferen t case  s izes  and  values.  

3.3  Certi fied  test  records  of released  lots  

The i n formation  requ i red  in  I EC  60384-1 : 201 6,  Q. 1 . 5,  sha l l  be  made avai lab le  when  
prescribed  i n  the  deta i l  speci fication  and  when  requested  by a  pu rchaser.  After the  endurance  
test,  the  requ i red  parameters  are  the  capaci tance  change,  tangent of loss  ang le  and  l eakage  
curren t.  

3.4 Qual i fication  approval  procedures  

3.4. 1  General  

The procedures  for qual i fication  approval  testi ng  are  g i ven  i n  I EC 60384-1 : 201 6,  Q. 2  

The  schedu le  to  be  used  for qual i fication  approval  testi ng  on  the  bas is  of lot-by- lot and  
period ic tests  i s  g iven  i n  3 . 5 .  The  procedure  us ing  a  fixed  sample  s i ze  schedu le  i s  g i ven  in  
3. 4 . 2  and  3. 4. 3 .  

3.4.2  Qual i fication  approval  on  the  basis  of the  fixed  sample  s ize  procedure  

The fixed  sample  s i ze  procedure  i s  described  i n  I EC  60384-1 : 201 6,  Q. 2. 4.  The  sample  shal l  
be  representati ve  of the  range  of capaci tors  for wh ich  approval  i s  sought.  The  samples  may 
be  the  whole  or part  of the  range  g i ven  in  the  detai l  speci fication .  

The  sample  shal l  consist  of four specimens  having  the  maximum  and  m in imum  vol tages  and  
for these  vol tages  the  maximum  and  m in imum  case  s i ze.  When  there  are  more  than  four case  
s izes,  an  i n termed iate  case  s i ze  shal l  a lso  be  tested .  I n  each  of these  case  s ize/vol tage  
combinations  (values),  the  maximum  capaci tance  shal l  be  chosen .  Thus,  for the  approval  of a  
range,  testing  i s  requ i red  of e i ther four or s ix values.  When  the  range  consists  of fewer than  
four values,  the  number of specimens  to  be  tested  shal l  be  that requ i red  for four values.  

Spare  specimens  are  perm i tted  as  fo l l ows:  

Two (for 6  va lues)  or three  (for 4  va lues)  per value  may be  used  as  replacements  for 
specimens,  wh ich  are  non-conform ing  because  of inciden ts  not attributable  to  the  
manufacturer.  

The  numbers  g iven  i n  Group 0  assume that a l l  g roups  are  appl icable.  I f th is  i s  not so,  the  
numbers  may be  reduced  accord ing l y.  
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When  add i ti onal  groups  are  in troduced  in to  the  qual i fication  approval  test schedu le,  the  
number of specimens  requ i red  for Group 0  sha l l  be  i ncreased  by the  same number as  that 
requ ired  for the  add i tional  groups.  

Table  2  g i ves  the  number of samples  to  be  tested  i n  each  group  or subgroup together wi th  the  
perm issible  number of non-conform ing  i tems  for qual i fication  approval  tests.  

3.4.3  Tests  

The complete  series  of tests  speci fi ed  i n  Table  2  and  Table  3  are  requ ired  for the  approval  of 
capaci tors  covered  by one  deta i l  speci fication .  The  tests  of each  group shal l  be  carried  ou t i n  
the  order g iven .  

The  whole  sample  shal l  be  subjected  to  the  tests  of Group 0  and  then  d i vided  for the  other 
groups.  

Specimens  found  to  be  non-conform ing  i n  the  tests  of Group  0  shal l  not  be  used  for the  other 
groups.  

Approval  i s  granted  when  the  number of non-conform ing  i tems  i s  zero.  

Table  2  and  Table  3  together form  the  fixed  sample  s ize  test schedu le  for the  qual i fication  
approval  on  the  bas is  of the  fixed  sample  s ize  procedure.   

Table  2  g ives  the  number of samples  and  perm issible  non-conform ing  i tems  for each  tests  or 
test groups.  

Table  3  g i ves  a  summary of the  test cond i tions  and  performance requ irements ,  and  choices  of 
the  test cond i tions  and  performance requ i rements  i n  the  deta i l  speci fication .  

The  test cond i tions  and  performance requ irements  for the  qual i fication  approval  on  the  bas is  
of the  fixed  sample  s ize  procedure  shou ld  be  i dentica l  to  those  for qual i ty conformance  
i nspection  g i ven  i n  the  deta i l  speci fication .  
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Table  2  – Sampl ing  plan  for qual i fication  approval  tests  

Group no.  Test  Subclause  

Number of 
specimens  

Permissible  
number of  non-

conforming  
i tems  

n  b  c 

0  Visual  exam ination  4 . 1  1 04+8  c  0  

D imensions  4 . 1  

Leakage  cu rrent  4 . 2 . 1  

Capaci tance  4 . 2 . 2  

Tangent of l oss  ang l e  4 . 2 . 3  

Impedance  
a  4 . 2 . 4  

I nsu lation  res i stance  of the  external  
i nsu lati on  a  

4 . 2 . 5  

Vol tage  proof of the  external  
i nsu lati on  a  

4 . 2 . 6  

H igh  su rge  curren t  a  4 . 1 9  

Spare  specimens    8   

  1 A Robustness  of term inations  4 . 3    1 2  0  

Res istance  to  sol dering  heat  4 . 4  

Component  sol ven t  res i stance  4 . 1 7  

 1 B  Solderabi l i ty  4 . 5   24  0  

Solvent  res i stance  of the  marki ng  4 . 1 8  

Rapi d  change  of temperature  4 . 6  

Vibrati on  4 . 7  

Bump  a  4 . 8  

Shock  a  4 . 9  

 1  Cl imati c sequence  4 . 1 0   36  0  

 2  Damp heat,  s teady state  4 . 1 1   20  0  

 3  Endu rance  4 . 1 2   20  0  

 4A Surge  vol tage  4 . 1 3   8  0  

 4B  Reverse  vol tage  a  4 . 1 4   8  0  

 5  Characteri sti cs  at  h i gh  and  l ow 
temperatu re  

4 . 1 5   1 2  0  

Charge  and  d i scharge  a  4 . 1 6  

a  I f requ i red .  
b  For case  s i ze/ vol tage  combinations,  see  3 . 4 . 2 .  
c Spare  specimens.  
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Table  3  – Test schedu le  for qual i fication  approval  (1  of 6)  

Subclause number and  
testa ,  i nspection  i tems  

D  or  
NDb  

Cond i tions  of test a  
and  measurements  

Number of 
specimens  (n )  
and  number 

of 
permissible  

non-
conforming  

i tems  (c)  

Performance requ i rementsa  

Group  0  ND   See  Tab le  2   

4 . 1  Vi sual  exam ination   See  4 . 1   Leg i b le  marking  and  as  speci fi ed  
i n  the  detai l  speci fi cation  

4 . 1  D imensions
 (detai l )  

 See  4 . 1   See  detai l  speci fi cati on  

4 . 2 . 1  Leakage  cu rren t   See  4 . 2 . 1 . 2   ≤  the  i n i ti a l  l im i t  speci fi ed  i n  the  
detai l  speci fi cation  
(at  20°C,  85°C  and  1 25°C)  

4 . 2 . 2  Capaci tance   See  4 . 2 . 2 . 2   Wi th i n  speci fi ed  tol erance  

4 . 2 . 3  Tangent of l oss  ang l e   See  4 . 2 . 3. 2   ≤  the  i n i ti a l  l im i t  speci fi ed  i n  the  
detai l  speci fi cation  

4 . 2 . 4  Impedance  c   See  4 . 2 . 4. 3    

I n i t i a l  measurement   See  4 . 2 . 4. 2   See  detai l  speci fi cati on  

Measurement  at  l ower 
category temperatu re  

 See  4 . 2 . 4. 4   See  detai l  speci fi cati on  

4 . 2 . 5  I nsu lation  resi stance  
of the  externa l  
i nsu lati on  c  

 See  4 . 2 . 5. 2   ≥  1 00  MΩ  

4 . 2 . 6  Vol tage  proof of the  
external  i nsu l ation  c  

 See  4 . 2 . 6. 2   No  breakdown  or fl ashover 
du ri ng  the  test  

4 . 1 9   H i gh  su rge  cu rrent  d   See  I EC 60384-
1 : 201 6,  4 . 39  

  

Group  1 A D  See  Tab le  2   

4 . 3  Robustness  of 
term inati ons  

 See  4 . 3. 3    

4 . 3. 2   I n i ti a l  i nspection      

Capaci tance   See  4 . 2 . 2 . 2   Wi th i n  speci fi ed  tol erance  

4 . 3. 5   F i nal  i nspections      

Vi sual  exam ination   See  4 . 1   The  term inations  shal l  wi thstand  
4  successive  bends.  

Capaci tance   See  4 . 2 . 2 . 2   See  detai l  speci fi cati on  

4 . 4  Res istance  to  sol dering  
heat  

 See  I EC 60384-
1 : 201 6,  4 . 1 4  

  

4 . 4 . 3   F i nal  i nspections      

Vi sual  exam ination   See  4 . 1   Leg i b le  marking  and  as  speci fi ed  
i n  the  detai l  speci fi cati on  

Capaci tance   See  4 . 2 . 2 . 2   See  detai l  speci fi cati on  

4 . 1 7  Component sol ven t  
res i stance  

 See  I EC 60384-
1 : 201 6,  4 . 31  

  

Group  1 B  D  See  Tab le  2   

4 . 5  Solderabi l i ty   See  4 . 5. 2    

4 . 5. 3   F i nal  i nspection      

Vi sual  exam ination   See  4 . 1   Good  ti nn i ng  as  evi denced  by 
free  fl owi ng  of the  sol der wi th  
wetti ng  of the  term inations  
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Table  3  (2 of 6)  

Subclause  number and  
testa ,  i nspection  i tems  

D  or  
NDb  

Condi tions  of test a  
and  measurements  

Number of 
specimens  (n )  
and  number 

of permissibl e  
non-

conforming  
i tems  (c)  

Performance  requ i rementsa  

Group  1 B  (con ti nued)  D   See  Tab le  2   

4 . 1 8  Solven t res i stance  of 
the  marking  

 See  I EC 60384-1 :  
201 6,  4 . 32  

  

4 . 6  Rapi d  change  of 
temperatu re  

 See  4 . 6. 3    

4 . 6 . 2   I n i ti a l  i nspection      

Capaci tance   See  4 . 2 . 2 . 2   Wi th i n  speci fi ed  to l erance  

4 . 6 . 4   Recovery  See  4 . 6. 4    

4 . 6 . 5   F i nal  i nspection      

Capaci tance   See  4 . 2 . 2 . 2   See  detai l  speci fi cati on  

4 . 7  Vibrati on   See  4 . 7. 2    

4 . 7 . 3   F i nal  i nspections      

Vi sual  exam ination   See  4 . 1   No  vi s ib le  damage  and  for non -
sol i d  e l ectrol yte  capaci tors  no  
l eakage  of e l ectrol yte  

Leakage  cu rrent   See  4 . 2 . 1 . 2   See  detai l  speci fi cati on  

Capaci tance   See  4 . 2 . 2 . 2   See  detai l  speci fi cati on  

Tangent  of l oss  ang l e   See  4 . 2 . 3. 2   See  detai l  speci fi cati on  

Impedance  c   See  4 . 2 . 4 . 3   See  detai l  speci fi cati on  

4 . 8  Bump c   See  4 . 8. 3    

4 . 8. 2   Mounti ng   See  4 . 8. 2    

4 . 8. 4   F i nal  i nspections      

Vi sual  exam ination   See  4 . 1   No  vi s ib le  damage  and  for non -
sol i d  e l ectrol yte  capaci tors  no  
l eakage  of e l ectrol yte  

Leakage  cu rrent   See  4 . 2 . 1 . 2   See  detai l  speci fi cati on  

Capaci tance   See  4 . 2 . 2 . 2   See  detai l  speci fi cati on  

Tangent of l oss  ang l e   See  4 . 2 . 3 . 2   See  detai l  speci fi cati on  

Impedance  c   See  4 . 2 . 4 . 3   See  detai l  speci fi cati on  

4 . 9  Shock c   See  4 . 9. 3    

4 . 9 . 2   Mounti ng   See  4 . 8. 2    

4 . 9 . 4   F i nal  i nspections      

Vi sual  exam ination   See  4 . 1   No  vi s ib le  damage  and  for non -
sol i d  e l ectrol yte  capaci tors  no  
l eakage  of e l ectrol yte  

Leakage  cu rrent   See  4 . 2 . 1 . 2   See  detai l  speci fi cati on  

Capaci tance   See  4 . 2 . 2 . 2   See  detai l  speci fi cati on  

Tangent  of l oss  ang l e   See  4 . 2 . 3. 2   See  detai l  speci fi cati on  

Impedance  c   See  4 . 2 . 4 . 3   See  detai l  speci fi cati on  
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Table  3  (3 of 6)  

Subclause  number and  
testa ,  i nspection  i tems  

D  or  
NDb  

Condi tions  of test a  
and  measurements  

Number of 
specimens  (n )  
and  number 

of permissibl e  
non-

conforming  
i tems  (c)  

Performance  requ i rementsa  

Group  1  D  See  Tab le  2   

4 . 1 0  Cl imati c  sequence   See  4 . 1 0. 3    

4 . 1 0. 2   I n i ti a l  i nspection      

Capaci tance   See  4 . 2 . 2 . 2   Wi th i n  speci fi ed  to l erance  

4 . 1 0. 3   Dry heat   See  4 . 1 0. 3    

4 . 1 0. 4   Damp heat,  cycl i c,  
Test  Db,  fi rst  cycle  

 See  I EC 60384-
1 : 201 6,  4 . 21 . 4  

  

4 . 1 0. 5   Col d   See  I EC 60384-
1 : 201 6,  4 . 21 . 5  

  

4 . 1 0. 6   Low a i r pressure  c   See  4 . 1 0 . 6 . 2    

4 . 1 0 . 7   Damp heat,  cycl i c,  
Test  Db,  remain i ng  
cycles  

 See  I EC 60384-
1 : 201 6,  4 . 21 . 7.  

  

4 . 1 0 . 8   Recovery  See  4 . 1 0 . 8    

4 . 1 0 . 9   Seal i ng  c   See  I EC 60384-
1 : 201 6,  4 . 20  

  

4 . 1 0. 1 0   F i nal  i nspections      

Vi sual  exam ination   See  4 . 1   No  vi s ib le  damage  and  for non -
sol i d  e l ectrol yte  capaci tors  no  
l eakage  of e l ectrol yte  

Leg i ble  marking  

Leakage  cu rrent   See  4 . 2 . 1 . 2   ≤  i n i t i a l  l im i t  

Capaci tance   See  4 . 2 . 2 . 2   For genera l -pu rpose  g rade:  

|∆C/C  |  ≤  1 2  %  of the  va l ue  
measured  i n  4 . 1 0. 2  

For l ong -l i fe  g rade:  

|∆C/C  |  ≤  5  %  of the  val ue  
measured  i n  4 . 1 0 . 2  

|∆C/C  |  ≤  8  %  of the  val ue  
measured  i n  4 . 3 . 2  or 4 . 6 . 2  c  

Tangent of l oss  ang l e   See  4 . 2 . 3 . 2   ≤  i n i ti a l  l im i t  

Group 2  D  See  Tab le  2   

4 . 1 1  Damp heat,  s teady 
state  

 See  I EC 60384-
1 : 201 6,  4 . 22  

  

4 . 1 1 . 2   I n i ti a l  i nspection      

Capaci tance   See  4 . 2 . 2 . 2   Wi th i n  speci fi ed  tol erance  

4 . 1 1 . 3   Recovery  See  4 . 1 1 . 3    

4 . 1 1 . 4   F i nal  i nspections      

Vi sual  exam inations   See  4 . 1   No  vi s ib le  damage  and  for 
nonsol i d  e l ectrol yti c  capaci tors  
no  l eakage  of e l ectrol yte  

Leg i b le  marking  

Leakage  cu rrent   See  4 . 2 . 1 . 2   ≤  the  i n i ti a l  l im i t  
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Table  3  (4 of 6)  

Subclause number and  testa ,  
i nspection  i tems  

D  or  
NDb  

Condi tions  of test a  
and  measurements  

Number of 
specimens  (n )  
and  number of 

permissible  
non-

conforming  
i tems  (c)  

Performance requ i rementsa  

Group  2  (conti nued )  D   See  Tab le  2   

4 . 1 1 . 4  F i nal  i nspections  
(conti nued)  

    

Capaci tance   See  4 . 2 . 2 . 2   Sub-fam i l y 1 :  

For genera l -pu rpose  g rade:  

|∆C/C  |  ≤  1 2  %  of the  va l ue  
measured  i n  4 . 1 1 . 2  

For l ong -l i fe  g rade:  

|∆C/C  |  ≤  8  %  of the  val ue  
measured  i n  4 . 1 1 . 2  

Sub-fam i l y 2 :  

|∆C/C  |≤  the  i n i ti a l  l im i t  

I nsu lation  res i stance  of the  

external  i nsu l ation  c  

 See  4 . 2 . 5. 2   No  breakdown  or fl ashover 

Vol tage  proof of the  external  

i nsu lati on  c  

 See  4 . 2 . 6. 2   ≥1 00  MΩ  

Group 3  D  See  Tab le  2   

4 . 1 2  Endurance   See  4 . 1 2 . 3    

4 . 1 2 . 2  I n i ti al  i nspection      

Capaci tance   See  4 . 2 . 2 . 2   Wi th i n  speci fi ed  tol erance  

4 . 1 2. 4   Recovery  See  4 . 1 2 . 4    

4 . 1 2 . 5   F i nal  i nspections      

Vi sual  exam inations   See  4 . 1   No  vi s ible  damage  

Leg i b le  marking  

Leakage  cu rrent   See  4 . 2 . 1 . 2   ≤1 , 25  t imes  the  i n i ti a l  l im i t  

Capaci tance   See  4 . 2 . 2 . 2   |∆C/C  |  compared  to  val ues  
measured  i n  4 . 1 2 . 2 :  

    Sub-
fam i l y 

U
R
 e  85°C  1 25°C  c  

    1  ≤1 60  ≤20  %  ≤25  %  

    >1 60  ≤1 5  %  ≤20  %  

    2  ≤1 60  ≤1 5  %  ≤25  %  

    >1 60  ≤1 0  %  ≤20  %  

Tangent  of l oss  ang l e   See  4 . 2 . 3. 2   Sub-fam i l y 1 :  
≤1 , 3  times  the  i n i ti a l  l im i t  

Sub-fam i l y 2 :  
≤ i n i ti a l  l im i t  
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Table  3  (5 of 6)  

Subclause  number and  
testa ,  i nspection  i tems  

D  or  
NDb  

Cond i tions  of test a  
and  measurements  

Number of 
specimens  (n )  
and  number of 

permissible  
non-

conforming  
i tems  (c)  

Performance  requ i rementsa  

Group  4A D  See  Tab le  2   

4 . 1 3  Surge  vol tage   See  4 . 1 3. 3    

4 . 1 3. 2  I n i ti a l  i nspection      

Capaci tance   See  4 . 2 . 2 . 2   Wi th i n  speci fi ed  tol erance  

4 . 1 3. 4   F i nal  i nspections      

Vi sual  exam inations   See  4 . 1   No  vi s ib le  damage  

Leakage  cu rrent   See  4 . 2 . 1 . 2   ≤ i n i ti a l  l im i t  

Capaci tance   See  4 . 2 . 2 . 2   ≤ i n i ti a l  l im i t  

Tangent  of l oss  ang l e   See  4 . 2 . 3 . 2   ≤ i n i ti a l  l im i t  

Group 4B  D  See  Tab le  2   

4 . 1 4  Reverse  vol tage  c   See  4 . 1 4. 3    

4 . 1 4 . 4   F i nal  i nspecti ons      

Vi sual  exam inations   See  4 . 1   No  vi s ible  damage  

Leakage  cu rrent   See  4 . 2 . 1 . 2   ≤ i n i ti a l  l im i t  

Capaci tance   See  4 . 2 . 2 . 2   ≤ i n i ti a l  l im i t  

Tangent  of l oss  ang l e   See  4 . 2 . 3. 2   ≤ i n i ti a l  l im i t  

Group 5  D  See  Tab le  2   

4 . 1 5  Characteri sti cs  at  h i gh  
and  l ow temperatu re  

 See  I EC 60384-1 :  
201 6,  4 . 29  

  

Step 1 :  20  °C      

Leakage  cu rrent  f   See  4 . 2 . 1 . 2    

Capaci tance  f   See  4 . 2 . 2 . 2    

Tangent of l oss  ang l e  f   See  4 . 2 . 3 . 2    

I mpedance  (at  the  same 
frequency as  S tep  2 )  c f  

 See  4 . 2 . 4. 3    

Step 2:  l ower category 
temperatu re  

    

Capaci tance   See  4 . 2 . 2 . 2   See  detai l  speci fi cati on  

Tangent of l oss  ang l e   See  4 . 2 . 3. 2   See  detai l  speci fi cati on  

Impedance  c   See  4 . 2 . 4 . 3   See  detai l  speci fi cati on  

Step 3:  20  °C      

Leakage  cu rren t   See  4 . 2 . 1 . 2    

Capaci tance   See  4 . 2 . 2 . 2    

Tangent of l oss  ang l e   See  4 . 2 . 3 . 2    

I mpedance  c   See  4 . 2 . 4 . 3    

Step 4:  rated  temperatu re      

Leakage  cu rren t   See  4 . 2 . 1 . 2   See  detai l  speci fi cati on  

Capaci tance   See  4 . 2 . 2 . 2   See  detai l  speci fi cati on  

Tangent of l oss  ang l e  c   See  4 . 2 . 3. 2   See  detai l  speci fi cati on  

Impedance  c   See  4 . 2 . 4 . 3   See  detai l  speci fi cati on  
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Table  3  (6 of 6)  

Subclause  number and  
testa ,  i nspection  i tems  

D  or  
NDb  

Condi tions  of testa  

and  measurements  

Number of 
specimens  (n )  
and  number of 

permissible  
non-

conforming  
i tems  (c)  

Performance  requ i rementsa  

Group  5  (con ti nued )  D   See  Tab le  2   

4 . 1 5      

Step 5:  u pper category 
temperatu re  

    

Leakage  cu rrent   See  4 . 2 . 1 . 2   See  detai l  speci fi cati on  

Capaci tance   See  4 . 2 . 2 . 2   See  detai l  speci fi cati on  

Tangent  of l oss  ang l e  c   See  4 . 2 . 3. 2   See  detai l  speci fi cati on  

Impedance  c   See  4 . 2 . 4 . 3   See  detai l  speci fi cati on  

Step 6:  20  °C      

Leakage  cu rren t   See  4 . 2 . 1 . 2    

Capaci tance   See  4 . 2 . 2 . 2    

Tangent of l oss  ang l e  c   See  4 . 2 . 3. 2    

I mpedance  c   See  4 . 2 . 4 . 3    

4 . 1 6  Charge  and  d i scharge  c   See  I EC 60384-1 :  
201 6,  4 . 27  

  

4 . 1 6. 5   F i nal  i nspections      

Vi sual  exam inations   See  4 . 1   No  vi s ib le  damage  and  for non -
sol i d  e l ectrol yte  capaci tors  no  
l eakage  of e l ectrol yte  

Leakage  cu rren t   See  4 . 2 . 1 . 2   ≤the  i n i ti a l  l im i t  

Capaci tance   See  4 . 2 . 2 . 2   Sub-fam i l y 1 :  

|∆C/C  |  ≤  1 0%  of the  val ue  
measured  i n  4 . 2 . 2  

Sub-fam i l y 2 :  

|∆C/C  |  ≤  5%  of the  val ue  
measured  i n  4 . 2 . 2  

Tangent  of l oss  ang l e   See  4 . 2 . 3 . 2   ≤the  i n i ti a l  l im i t  

a  The  val ue  of these  measurements  after mounti ng  serve  as  i n i ti a l  measurements  for the  tests  after 
measurement  of each  subgroups.  

b  I n  th i s  table,  D  =  destructi ve,  ND  =  non-destructi ve.  

c   I f requ i red .  

d   I f requ i red  for sol i d  e l ectro lyte  capaci tors  on l y.  

e   U
R
 =  rated  vo l tage  i n  vol ts .  

f   For use  as  reference  value.  

 

3.5  Qual i ty conformance  i nspection  

3.5. 1  Formation  of inspection  lots  

3.5. 1 . 1  Groups  A and  B  inspection  

These  tests  shal l  be  carried  ou t on  a  l ot-by- lot  bas is.  

A manufacturer may aggregate  the  current production  in to  i nspection  l ots  subject to  the  
fol lowing  safeguards .  
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a)  The  i nspection  l ot  shal l  consist of structural l y s im i lar capaci tors  (see  3. 2).  

b)  The  sample  tested  shal l  be  representati ve  of the  va lues  and  d imensions  con tained  i n  the  
i nspection  l ot:  

–  i n  re lation  to  thei r number;  

– wi th  a  m in imum  of fi ve  of any one  value.  

c)  I f there  are  fewer than  fi ve  of any one  value  i n  the  sample,  the  basis  for the  d rawing  of 
samples  shal l  be  agreed  between  the  manufacturer and  the  certi fication  body (CB).  

3.5. 1 .2  Group C  inspection  

These  tests  shal l  be  carried  ou t on  a  period ic basis.  

Samples  shal l  be  represen tati ve  of the  current production  of the  speci fied  periods  and  shal l  
be  d ivi ded  i n to  h igh-,  med ium-  and  l ow-vol tage  rati ngs  or case  s i zes.  I n  order to  cover the  
range  of approvals  i n  any period ,  one  case  s ize  shal l  be  tested  from  each  vol tage  group.  I n  
subsequent periods,  other case  s i zes  and/or vol tages  i n  production  shal l  be  tested  wi th  the  
a im  of covering  the  whole  range.  

3.5.2  Test schedule  

The schedu le  for the  l ot-by- lot and  period ic tests  for qual i ty conformance  i nspection  is  g i ven  
i n  the  b lank detai l  speci fi cation .  

3 .5.3  Delayed  del ivery 

When  accord ing  to  the  procedures  of I EC 60384-1 : 201 6,  Q. 1 . 7,  re- inspection  shou ld  be  made,  
solderabi l i ty and  for sub-fam i l ies  1 :  l eakage curren t and  for sub-fam i l y 2 :  capaci tance,  shal l  
be  checked  as  speci fied  i n  Groups  A and  B  i nspection .  

3.5.4  Assessment l evels  

The assessment l evel (s)  g i ven  i n  the  b lank detai l  speci fication  shal l  preferably be  se lected  
from  Table  4  and  Table  5 .  

Table  4 – Lot-by-Lot i nspection  

I nspection  
subgroup a  

EZ 

IL  b  n  b  c  b  

A0  1 00  %  c  

A1  S-3  
d  0  

B1  S-3  
d  0  

a   The  content  of the  i nspection  subgroup  i s  descri bed  i n  the  b l ank detai l  speci fi cation .  

b  I L  =  i nspection  l evel  

 n  =  sample  s i ze  

 c  =  perm iss ible  number of non-conform ing  i tems  

c   After removal  of nonconform ing  i tems  by 1 00  %  testi ng  du ri ng  the  manufacturi ng  process,  sampl i ng  
i nspection  shal l  be  performed  i n  order to  mon i tor ou tgoing  q ual i ty l eve l  by nonconform ing  i tems  per m i l l i on  
(× 1 0−6 ) .  The  sampl i ng  l eve l  shal l  be  establ i shed  by the  manufacturer,  preferably accord ing  to  
I EC 61 1 93-2 : 2007,  Annex A.  I n  case  one  or more  nonconform ing  i tems  occur i n  a  sample,  th i s  l ot  shal l  be  
re j ected ,  bu t  the  whole  sampl e  shal l  be  i nspected  and  a l l  nonconform ing  i tems  shal l  be  counted  for the  
cal cu lation  of qual i ty l evel  val ues.  Ou tgoing  q ual i ty l evel  by nonconform ing  i tems  per m i l l i on  (× 1 0−6)  va l ues  
shal l  be  ca lcu lated  by accumu lati ng  i nspection  data  accord ing  to  the  method  g i ven  i n  I EC 61 1 93-2: 2007,  6 . 2 .  

d   N umber to  be  tested :  sample  s i ze  sha l l  be  determ ined  accord i ng  to  I EC 61 1 93-2: 2007,  4 . 3. 2 .  
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Table  5  – Period ic Inspection  

Inspection  
subgroup a  

EZ 

 p  b  n  b  c  b  

C1  3  1 2  0  

C2  3  1 2  0  

C3  3  78  0  

C4  6  1 2  0  

C5  3  24  0  

a   The  con ten t of the  i nspection  subgroup  i s  descri bed  i n  C lause  2  of the  b l ank detai l  speci fi cati on .  

b  p  =  peri od ici ty i n  months  

n  =  sample  s i ze  

c  =  perm issib le  n umber of non -conform ing  i tems  

 

4 Test and  measurement procedures  

NOTE  Th is  cl ause  suppl ements  the  i n formation  g i ven  i n  I EC 60384-1 : 201 6,  Clause  4 .  

4.1  Visual  i nspection  and  check of d imensions  

See  I EC 60384-1 : 201 6,  4 . 4 .   

4.2  Electrical  tests  

4.2. 1  Leakage current  

4.2. 1 . 1  General  

See  I EC 60384-1 : 201 6,  4 . 9 ,  wi th  the  detai ls  of 4 . 2 . 1 . 2  and  4. 2. 1 . 3 .  

4.2. 1 .2  Measuring  conditions  

The vol tage  appropriate  to  the  test temperature  shal l  be  appl ied  across  the  capaci tor and  i ts  
protecti ve  res istor.  The  protecti ve  res istor shal l  be  between  1  000  Ω  and  1 0  000  Ω .  

I n  the  case  of b ipolar capaci tors ,  the  duration  of the  e lectri fication  periods  before  the  
measurement made  in  each  d i rection  is  5  m in .  

4.2. 1 .3  Requi rement  

See  Table  3 .  

4.2.2  Capaci tance  

4.2.2 . 1  General  

See  I EC 60384-1 : 201 6,  4 . 7 ,  wi th  the  deta i l s  of 4 . 2. 2 . 2  and  4. 2. 2 . 3 .  

4.2.2 .2  Measuring  conditions  

The  capaci tance  shal l  be  measured  at a  frequency of 1 00  Hz or 1 20  Hz.  The  peak al ternating  
vol tage  actual l y appl ied  across  the  capaci tor shal l  be  between  0 , 1  V and  1 , 0  V.  
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A d . c.  b ias  vol tage  of 2 , 1  V to  2 , 5  V may be  appl ied  during  the  measurement (un less  
otherwise  prescribed  in  the  detai l  speci fication) ,  except for b i -polar capaci tors  wh ich  shal l  be  
measured  wi thout  an  appl ied  d . c.  vol tage.  

Su i table  measurement techn iques  shal l  be  used  to  m in im ize  errors  due  to  connections  
between  the  measuring  apparatus  and  the  capaci tors.  

4.2.2 .3  Requi rement 

See  Table  3 .  

4.2.3  Tangent  of loss  ang le  (tan  δ)  

4.2.3.1  General  

See  I EC 60384-1 : 201 6,  4 . 8 ,  wi th  the  deta i l s  of 4 . 2. 3. 2  and  4. 2 . 3. 3 .  

4.2.3.2  Measuring  conditions  

The measurement shal l  be  made under the  cond i ti ons  of 4 . 2 . 2. 2.  

4.2.3.3  Requi rement 

See  Table  3 .  

4.2.4  Impedance  (i f requ ired)  

4. 2.4.1  General  

See  I EC 60384-1 : 201 6,  4 . 1 0,  wi th  the  deta i l s  of 4 . 2. 4. 2 ,  4 . 2 . 4 .3 ,  4 . 2 . 4 . 4  and  4 . 2 . 4 .5 .  

4.2.4.2  In i tial  inspection  

The  frequency of the  measuring  vol tage  shal l  be  chosen  from  one  of the  fol lowing  
frequencies:  1 00  Hz,  1 20  Hz,  1  kHz,  1 0  kHz,  1 00  kHz,  and  1  MHz,  and  shal l  be  that at wh ich  
the  l owest value  of impedance is  l i ke l y to  occur.  

The  to lerance on  a l l  frequencies  for measuring  purposes  shal l  not  exceed  ±20  % .  

The  value  of the  measuring  frequency shal l  be  prescribed  i n  the  detai l  speci fication .  

4.2.4.3  Measuring  condi tions  

When  requ ired  i n  the  deta i l  speci fication ,  the  impedance shal l  be  determ ined  at the  requ i red  
temperature  and  frequency.  I f the  peak a. c.  vol tage  exceeds  0, 5  V on  polar types,  a  d i rect 
polarizing  vol tage  of 2 , 1  V to  2 , 5  V may be  appl ied .  

The  appl ication  of vol tage  shal l  be  such  as  to  cause  no  readable  change i n  impedance due  to  
the  change i n  the  temperature  of the  capaci tor.  

The  error of measurement shal l  not exceed  ±5  %  of the  requ i rement,  or 0 , 1  Ω ,  wh ichever i s  
the  greater.  

Great care  shal l  be  exercised  i n  making  these  measurements  when  the  impedance va lues  are  
l ow.  
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4.2.4.4  Measurement at  lower category temperature  

The frequency shal l  be  1 00  Hz or 1 20  Hz un less  otherwise  speci fied  i n  the  deta i l  
speci fication .  

4.2.4.5  Requirement  

See  Table  3 .  

4.2.5  Insu lation  resistance  of the  external  i nsu lation  (i f requ ired)  

4.2.5. 1  General  

See  I EC 60384-1 : 201 6,  4 . 5,  wi th  the  fol lowing  deta i l s .  

4.2.5.2  Measuring  condi tions  

A metal  fo i l  sha l l  be  wrapped  closel y around  the  fu l l  l ength  of the  body of the  capaci tor,  
protrud ing  by at l east 5  mm  from  each  end ,  provided  a  m in imum  space of 1  mm  can  be  
main tained  between  the  metal  fo i l  and  the  term inations.  The  ends  of the  foi l  shal l  not be  
folded  over the  ends  of the  capaci tor.  I f the  1  mm  space cannot be  maintained  the  protrus ion  
of the  fo i l  sha l l  be  reduced  as  may be  necessary to  establ ish  the  1  mm  space.  

When  appl icable ,  the  V-b lock method  is  perm i tted  as  an  a l ternative.  

A d i rect vol tage  of 1 00  V ±  1 5  V shal l  be  appl ied  between  the  metal  fo i l  or the  V-block and  the  
term ination  connected  to  the  capaci tor body for a  m in imum  of 1  m in  or for the  time requ ired  to  
obtain  a  stable  read ing .  At  the  end  of th is  period  the  i nsu lation  resistance  shal l  be  measured .  

4.2.5.3  Requi rement 

See  Table  3 .  

4.2.6  Vol tage  proof of the  external  insu lation  (i f requ ired)  

4. 2.6.1  General  

See  I EC 60384-1 : 201 6,  4 . 6 ,  wi th  the  deta i l s  of 4 . 2. 6. 2  and  4 . 2. 6. 3 .  

4. 2.6.2  Measuring  conditions  

A meta l  foi l  shal l  be  wrapped  closel y around  the  body of the  capaci tor,  protrud ing  by at l east 
5  mm  from  each  end ,  provided  a  m in imum  space of 1  mm  can  be  main ta ined  between  the  
metal  fo i l  and  the  term inations.  The  ends  of the  fo i l  shal l  not be  fol ded  over the  ends  of the  
capaci tor.  I f the  1  mm  space cannot be  maintained ,  the  protrus ion  of the  foi l  sha l l  be  reduced  
as  may be  necessary to  establ ish  the  1  mm  space.  

When  appl icable,  the  V-block method  i s  perm i tted  as  an  a l ternative.  

A d i rect vol tage  gradual l y i ncreasing  at a  rate  of 1 00  V/s  to  a  maximum  of 1  000  V shal l  be  
appl ied  between  the  metal  fo i l  or the  V-b lock and  the  term ination  connected  to  the  capaci tor 
body.  

The  vol tage  of 1  000  V shal l  be  appl ied  for 1  m in  ±  5  s .  

4.2.6.3  Requirement  

See  Table  3 .  
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4.3  Robustness  of terminations  

4.3. 1  General  

See  I EC 60384-1 : 201 6,  4 . 1 3,  wi th  the  detai l s  of 4 . 3. 2,  4 . 3. 3  and  4. 3. 4.  

4.3.2  In i tial  inspection  

See  Table  3 .  

4.3.3  Test Ua1 ,  Ub  and  Uc appl icable  

See  I EC 60384-1 : 201 6,  4 . 1 3. 2  (Test Ua1 ) ,  4 . 1 3. 3  (Test Ub)  and  4. 1 3. 4  (Test Uc).  

Wh ich  test cond i ti on (s)  i s  (are)  appl i ed  shal l  be  described  i n  deta i l  speci fication .  

However,  capaci tors  wi th  external  welds  on  wi re  l eads  shal l  be  subj ected  on l y to  the  
procedure  of Test Ua 1  and  to  the  bend ing  test described  i n  the  deta i l  speci fication .  

4.3.4  Special  bending  test  

4.3.4.1  General  

This  exam ination  shal l  determ ine  the  abi l i ty of the  term ination  to  wi thstand  the  bond ing  l i kel y 
to  be  appl i ed  du ring  normal  assembly operation .  

4.3.4.2  Test condition  

See  F igure  1  wi th  the  fol lowing  detai l .  

4.3.4.3  Apparatus  

Dimensions in  millimetres 

 

a  The  d i ameter of the  hol e  shou l d  be  0 , 025  mm  l ess  than  the  d i ameter of the  term ination .  

Figure 1  – Apparatus  of special  bend ing  test  

IEC  

Approximatel y 1 27  

Countersunk 1 , 6  ±  0 , 4a  
Brass  or s teel  

6, 35  

1
2
,7

 

Weld  

Capaci tor under test  



 – 26  – I EC 60384-1 5:201 7  © I EC 201 7  

4.3.4.4  Test procedure  

The term ination  shal l  be  i nserted  i n to  the  hole  i n  the  fixture  (F igure  1 )  so  that the  l ower s i de  
of the  weld  on  the  soldered  j o i n t  i s  approximately fl ush  wi th  the  surface  of the  fixture.  The  
case  shal l  be  forced  over in  such  a  manner that the  tan talum  stub  i s  main ta ined  i n  i ts  axia l  
posi tion  as  closel y as  possib le  wh i le  bend ing  the  term ination  un ti l  the  end  of the  case  j ust  
touches  the  top  surface  of the  fixture.  

When  the  case  i s  returned  to  i ts  normal  posi tion ,  one  bend  wi l l  have  been  completed .  

Subsequent bends  shal l  be  made  i n  a l ternate  d i rections.  

4.3.4.5  Requi rements  

See  Table  3 .  

4.4  Resistance  to  soldering  heat  

4.4. 1  General  

See  I EC 60384-1 : 201 6,  4 . 1 4,  wi th  the  detai ls  of 4 . 4 . 2  and  4. 4. 3.  

4.4.2  Cond itions  

No pre-drying .  

4.4.3  Final  inspections  and  requ irements  

See  Table  3 .  

4.5  Solderabi l i ty 

4.5. 1  General  

See  60384-1 : 201 6,  4 . 1 5,  wi th  the  deta i l s  of 4 . 5. 2  and  4. 5. 3.  

4.5.2  Test conditions  

No ageing .  

The  test method  ( the  g lobu le  test method ,  the  bath  method  or so ldering  i ron  test method )  
sha l l  be  prescribed  i n  the  deta i l  speci fication .  

The  requ i rements  of the  g lobu le  test  method  shal l  be  prescribed  i n  the  detai l  speci fication .  

Where  ne i ther the  solder bath  nor the  solder g lobu le  method  is  appropriate,  the  soldering  i ron  
test shal l  be  used  wi th  soldering  i ron  s i ze  A.  

4.5.3  F inal  inspections  and  requ irements  

See  Table  3 .  

4.6  Rapid  change  of temperature  

4.6. 1  General  

See  I EC 60384-1 : 201 6,  4 . 1 6,  wi th  the  fol l owing  deta i l s.  
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4.6.2  In i tial  inspection  

See  Table  3 .  

4.6.3  Test condi tions  

The capaci tors  shal l  be  subj ected  to  test Na  (see  I EC  60068-2-1 4)  for 5  cycles.  The  du ration  
of the  exposure  at  each  temperature  l im i t  shal l  be  30  m in .  

4.6.4  Recovery 

The recovery period  shal l  be  max.  1 6  h .  

4.6.5  Final  inspections  and  requ irements  

See  Table  3 .  

4.7  Vibration  

4.7. 1  General  

See  I EC 60384-1 : 201 6,  4 . 1 7,  wi th  the  detai ls  of 4 . 7. 2  and  4. 7. 3.  

4.7.2  Test condi tion  

Test Fc (see  I EC 60068-2-6)  sha l l  be  appl i ed  wi th  one  of the  fol l owing  severi ties  i n  Table  6  as  
prescribed  by the  detai l  speci fication .  

Table  6  – Vibration  test  frequencies  

Frequency Ampl i tude  or acceleration  (wh ichever i s  the  lower acceleration)  Duration  

Hz  h  

1 0  to  55  0 , 35  mm  or 49  m /s2  (5  g )  3  ×  0 , 5  

1 0  to  55  0 , 75  mm  or 98  m /s2  (1 0  g )  3  ×  2  

1 0  to  500  0 , 75  mm  or 98  m /s2  (1 0  g )  3  ×  2  

1 0  to  2  000  0 , 75  mm  or 98  m /s2  (1 0  g )  3  ×  2  

 

The detai l  speci fication  shal l  speci fy the  severi ty (frequency/ampl i tude  or acceleration/ 
duration)  and  shal l  a lso  prescribe  the  mounting  method  to  be  used .  For capaci tors  wi th  axia l  
l eads  and  i n tended  to  be  moun ted  by the  l eads  on l y,  the  d is tance  between  the  body and  the  

mounting  poin t  sha l l  be  6  mm  ±  1  mm .  

4.7.3  Final  inspections  and  requ irements  

The capaci tors  shal l  be  visual l y exam ined  and  measured  and  shal l  meet the  requ i rements  
g iven  i n  Table  3.  

4.8  Bump 

4.8. 1  General  

See  I EC 60384-1 : 201 6,  4 . 1 8,  wi th  the  detai ls  of 4 . 8. 2 ,  4 . 8. 3  and  4. 8. 4.  

Whether the  bump or the  shock test appl i es  shal l  be  described  in  the  detai l  speci fication .  
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4.8.2  Mounting  

See  deta i l  speci fication .  

For capaci tors  wi th  axia l  l eads,  the  fol l owing  appl ies:  

•  mounting :  moun ted  by the  l eads  on l y;  

•  the  d istance  between  the  body and  the  mounting  poin t:  be  6  mm  ±  1  mm.  

4.8.3  Test conditions  

Test cond i ti ons  are  as  fo l l ows:  

•  peak acceleration :  390  m /s2 ;  

•  potal  number of bumps:  1  000  times  for general -purpose  grade  capaci tors;  

4  000  times  for l ong- l i fe  g rade  capaci tors ;  

•  duration  of pu lse:  see  detai l  speci fication .  

4.8.4  Final  inspections  and  requ irements  

See  Table  3 .  

4.9  Shock 

4.9. 1  General  

See  I EC 60384-1 :  201 6,  4 . 1 9,  wi th  the  deta i l s  of 4 . 9 . 2 ,  4 . 9 . 3  and  4 . 9. 4 .  

Whether the  bump or the  shock test appl i es  shal l  be  described  in  the  detai l  speci fication .  

4.9.2  Mounting  

See  the  detai l  speci fication .  

For capaci tors  wi th  axia l  l eads  the  fo l lowing  appl ies:  

•  mounting :  moun ted  by the  l eads  on l y;  

•  the  d istance  between  the  body and  the  mounting  poin t i s  6  mm  ±  1  mm.  

4.9.3  Test conditions  

See  the  detai l  speci fication  wi th  the  fo l l owing  i tems:  

•  Pu lse  shape:  ha l f-s ine  

•  Peak acceleration :  see  Table  7  

•  Duration  of pu lse:  see  Table  7  

Table  7  – Shock peak acceleration/pu lse duration  

Peak acceleration  Corresponding  duration  of the  pu lse  

m/s2 (g )  ms  

294  (30)  1 8  

490  (50)  1 1  

981  (1 00)  6  
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The detai l  speci fication  shal l  a lso  prescribe  the  moun ting  method  to  be  used .  For capaci tors  
wi th  axial  l eads  and  i n tended  to  be  mounted  by the  l eads  on l y,  the  d is tance  between  the  body 
and  the  mounting  poin t  shal l  be  6  mm  ±  1  mm .  

4.9.4  Final  inspections  and  requ irements  

See  Table  3 .  

4. 1 0  Cl imatic sequence  

4. 1 0. 1  General  

See  60384-1 : 201 6,  4 . 21 ,  wi th  the  detai l s  of 4 . 1 0 .2  to  4 . 1 0 . 1 0.  

4.1 0.2  In i tial  inspection  

See  Table  3 .  

4.1 0.3  Dry heat  

See  I EC 60384-1 : 201 6,  4 . 21 . 3 ,  wi th  the  fol l owing  detai l s .  

•  Temperature:  upper category temperature;  

•  Duration :  1 6  h .  

4.1 0.4  Damp heat,  cycl ic,  Test  Db,  fi rst  cycle  

See  I EC 60384-1 : 201 6,  4 . 21 . 4 .  

4.1 0.5  Cold  

See  I EC 60384-1 : 201 6,  4 . 21 . 5 ,  wi th  the  fol l owing  detai l s .  

•  Temperature:  l ower category temperature;  

•  Duration :  2  h .  

4.1 0.6  Low ai r pressure  (i f requ ired)  

4. 1 0.6. 1  General  

See  I EC 60384-1 : 201 6,  4 . 21 . 6 ,  wi th  the  detai l s  of 4 . 1 0. 6. 2.  

4. 1 0.6.2  Test conditions  

Test cond i ti ons  are  as  fo l lows:  

•  temperature:  +5  °C  to  +35  °C;  

•  a i r pressure:  8, 5  kPa;  

•  duration  of test:  5  m in ;  

•  appl ied  vol tage:  rated  vol tage  i s  appl ied  during  the  l ast m inute  of test.  

4.1 0.7  Damp heat,  cycl ic,  Test  Db,  remain ing  cycles  

See  I EC 60384-1 : 201 6,  4 . 21 . 7 .  

4. 1 0.8  Recovery 

I f the  capaci tors  have  been  immersed  in  a  l i qu id ,  they shal l  be  shaken  to  remove  excess  
l iqu id .  
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The  recovery period  shal l  be  1  h  to  2  h  under the  standard  atmospheric  cond i ti ons .  

4. 1 0.9  Seal ing  ( i f requ i red )  

See  I EC 60384-1 :  201 6,  4 . 20,  wi th  the  fol lowing  detai l s.  

The  test shal l  be  appl i ed  at  the  end  of the  cl imatic sequence.  

4. 1 0. 1 0  Final  inspections  and  requ irements  

See  Table  3 .  

4. 1 1  Damp heat,  steady state  

4. 1 1 . 1  General  

See  I EC 60384-1 : 201 6,  4 . 22,  wi th  the  detai l s  of 4 . 1 1 . 2  and  4 . 1 1 . 3 .  

4. 1 1 .2  In i tial  inspection  

See  Table  3 .  

4. 1 1 .3  Final  inspections  and  requ irements  

See  Table  3 .  

4. 1 2  Endurance  

4. 1 2. 1  General  

See  I EC 60384-1 : 201 6,  4 . 23,  wi th  the  deta i l s  of 4 . 1 2 . 2 ,  4 . 1 2 . 3 ,  4 . 1 2. 4  and  4. 1 2. 5.  

4. 1 2.2  In i tial  inspection  

See  Table  3 .  

4. 1 2.3  Test conditions  

Test cond i ti ons  are  as  fo l l ows:  

•  Duration :  2  000  h  for l ong-l i fe  grade  capaci tors ;  

1  000  h  for general -purpose  grade  capaci tors .  

•  Ambient temperature:  upper category temperature .  

•  Appl i ed  vol tage:  category vol tage,  un less  otherwise  speci fied  i n  the  deta i l  speci fication .  

NOTE  When  the  category vol tage  and/or temperatu res  are  d i fferent  from  the  rated  vol tage  and/or temperatures,  
the  sample  tested  i s  d i vi ded  i n to  two  parts  and  subm i tted  to  the  rated  and  category vol tages  and  temperatures  
respecti vel y.  

During  the  test of bipolar capaci tors ,  the  appl i ed  vol tage  shal l  be  reversed  i n  polari ty at 
i n tervals  of 1 68  h  ±  24  h .  

When  speci fied  i n  the  deta i l  speci fication ,  a  s inusoidal  a l ternating  vol tage  wi th  frequency of 
50  Hz,  60  Hz,  1 00  Hz or 1 20  Hz,  as  speci fi ed ,  may be  superimposed  on  the  d . c.  vol tage  
provided  that the  peak vol tage  does  not exceed  the  va lue  of the  rated  d i rect vol tage  and  that 
the  rated  ri pple  cu rrent  i s  not exceeded .  

a)  For sol i d  e l ectrol yte  capaci tors  on l y,  the  test vol tage  shal l  be  appl ied  gradual l y (not l ess  
than  2  m in  bu t not more  than  5  m in)  e i ther by a  s l ow bu i l d -up  of vo l tage  or through  a  
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res istor wh ich  shal l  be  shorted  ou t wi th in  5  m in .  The  impedance  seen  from  the  term inals  
of each  capaci tor sha l l  not  exceed  3  Ω .  

b)  For non-sol id  e lectrol yte  capaci tors ,  the  test vo l tage  shal l  be  suppl ied  by a  regu lated  
power suppl y free  from  surges,  having  a  l ow i n ternal  res istance,  and  shal l  be  appl ied  to  
each  capaci tor or capaci tor section  through  a  separate  resistor.  The  value  of th is  resistor 
shal l  be  so  chosen  that a  short-ci rcu i t of one  of the  capaci tors  or capaci tor sections  wi l l  
have  no  in fluence  on  the  rest of the  sample,  bu t the  resistance  value  shal l  not exceed  
1  000  Ω .  

4.1 2.4  Recovery 

The recovery period  shal l  be  l ess  than  1 6  h .  

4. 1 2.5  Final  inspections  and  requ irements  

See Table  3 .  

4.1 3  Surge vol tage  

4. 1 3. 1  General  

See I EC 60384-1 : 201 6,  4 . 26,  wi th  the  deta i l s  of 4 . 1 3 . 2 ,  4 . 1 3. 3  and  4 . 1 3. 4.  

4.1 3.2  In i tial  inspection  

See Table  3 .  

4.1 3.3  Test conditions  

The capaci tors  shal l  be  subj ected  to  1  000  cycles,  each  cons isti ng  of a  charge  as  described  
below,  fol l owed  by a  no- load  period  of 5  m in  and  30  s.  

A vol tage,  equal  to  the  surge  vol tage,  sha l l  be  appl i ed  during  30  s  through  a  res istor wi th  a  
va lue  so  that the  tota l  res istance  i n  series  wi th  the  capaci tor and  vol tage  source  i s  
1  000  Ω  ±  1 00  Ω .  

The test shal l  be  carried  ou t at the  test temperatures  g i ven  i n  Table  8.  

Table  8  – Test temperature  

Upper category 
temperature  

Test temperature  

≤85  °C  Al l  specimens  are  at  u pper category temperatu re  

>85  °C  50  %  of the  specimens  at  85  °C  and  the  remain ing  50  %  at  the  upper category temperature  

 

Each  surge  vol tage  cycle  shal l  be  performed  i n  such  a  manner that the  capaci tor i s  
d ischarged  through  the  res istor of approximatel y 1  000  Ω  at  the  end  of the  30  s  appl ication .  

The  test shal l  be  term inated  on  the  d ischarge  portion  of the  cycle.  For bi polar capaci tors,  the  
polari ty sha l l  be  reversed  after 500  cycles .  

4.1 3.4  F inal  inspections  and  requ irements  

See  Table  3 .  
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4.1 4  Reverse vol tage  (i f requ ired )  

4. 1 4. 1  General  

See  the  detai l s  i n  4 . 1 4 . 2,  4 . 1 4 .3  and  4. 1 4. 4.  

4. 1 4.2  In i tial  inspection  

Not requ i red .  

4. 1 4.3  Test condi tions  

Test cond i tions  are  as  fol l ows:  

a)  Sub-fam i l y 1 :  

– Temperature:  rated  temperature ;  

– Appl ied  vol tage:  a  vol tage  of 3  V d . c. ,  un less  otherwise  speci fied  i n  the  detai l  
speci fication ,  shal l  be  suppl ied  in  reverse  vol tage  polari ty d i rection  to  each  capaci tor 
th rough  a  res istor of 1  000  Ω  ±  1 00  Ω ;  

– Duration :  1 25  h  i n  the  reverse  polari ty d i rection  wi th  the  test  reverse  vol tage,  fo l l owed  
by 1 25  h  i n  the  forward  polari ty d i rection  wi th  the  rated  vol tage.  

b)  Sub-fam i l y 2 :  

– Temperature:  rated  temperature ;  

– Appl ied  vol tage:  0 , 1  ×  rated  vol tage,  bu t wi th  max.  3  V d . c. ,  u n less  otherwise  speci fied  
i n  the  deta i l  speci fication ,  shal l  be  suppl ied  i n  reverse  vol tage  polari ty d i rection ;  

The  vol tage  appl ied  to  each  capaci tor shal l  be  from  a  vol tage  source  wi th  a  m in imum  
impedance of 0 , 1  Ω/V wi th  a  maximum  of 3  Ω .  

(The  vol tage  shal l  be  appl ied  gradual l y as  described  in  4 . 1 2 . 3  a).  

–  Duration :  1 25  h  i n  the  reverse  polari ty d i rection  wi th  test  reverse  vol tage  fol l owed  by 
1 25  h  in  the  forward  polari ty d i rection  wi th  the  rated  vol tage.  

4. 1 4.4  Final  inspections  and  requ irements  

See  Table  3 .  

4. 1 5  Characteristics  at  h igh  and  low temperature  

4. 1 5. 1  General  

See  I EC 60384-1 : 201 6,  4 . 29,  wi th  the  detai l s  in  4 . 1 5. 2.  

4.1 5.2  Final  inspections  and  requ irements  

The capaci tors  shal l  be  measured  at each  temperature  step  and  shal l  meet the  requ i rements  
g i ven  i n  Table  3 .  

4.1 6  Charge  and  d ischarge ( i f requ ired)  

4. 1 6. 1  General  

See  I EC 60384-1 : 201 6,  4 . 27,  wi th  the  detai ls  i n  4 . 1 6 . 2 ,  4 . 1 6. 3 ,  4 . 1 6. 4  and  4. 1 6. 5.  

4. 1 6.2  In i tial  inspection  

Not requ ired .  
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4.1 6.3  Test conditions  

At an  ambien t temperature  of 20  °C,  un less  otherwise  speci fi ed  i n  the  detai l  speci fication ,  the  
capaci tors  shal l  be  subj ected  to  the  speci fied  number of cycles,  each  cycle  cons isti ng  of a  
charge  accord ing  to  a),  fo l l owed  by a  d ischarge  accord ing  to  b).  

The  deta i l  speci fication  shal l  s tate  the  cases  where  an  i ncrease  of the  cycl i ng  period  i s  
requ i red ,  l eaving  the  charg ing  time unchanged  so  as  not to  exceed  the  maximum  perm issib le  
heat generated  in  the  capaci tor.  

a)  Charge  

– Appl ied  vol tage:  rated  d i rect vol tage;  

– I n ternal  res istance  of the  vol tage  source  p l us  external  series ;  

– Res istor:  see  detai l  speci fication ;  

– Duration :  0 , 5  s .  

b)  D ischarge  

– No  vol tage  appl ied ;  

– D ischarge  res istor:  see  detai l  speci fication ;  

– Duration :  0 , 5  s .  

c)  Number of cycles:  1 06  cycles.  

4.1 6.4  Recovery 

The recovery period  shal l  be  24  h .  

4.1 6.5  F inal  inspections  and  requ irements  

See  Table  3 .  

4.1 7  Component solvent resistance  

See  I EC 60384-1 : 201 6,  4 . 31 .  

4. 1 8  Solvent resistance  of the  marking  

See  I EC 60384-1 : 201 6,  4 . 32.  

4. 1 9  H igh  surge current ( i f requ ired)  

4. 1 9. 1  General  

I f requ i red  for sol i d  el ectrol yte  capaci tors  on l y,  see  I EC 60384-1 : 201 6,  4 . 39,  wi th  the  deta i l s  in  
4 . 1 9. 2  and  4 . 1 9 .3 .  

4. 1 9.2  In i tial  inspection  

Not requ i red .  

4. 1 9.3  Final  inspections  and  requ irements  

Final  i nspections  and  requ irements  are  those  for the  subsequent tests  i n  Group 0  or i n  the  
b lank detai l  speci fication  or Group A,  as  appropriate.  
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