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FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  Standards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi 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  Commi 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  61 1 91 -2  has  been  prepared  by I EC  techn ical  committee  91 :  
E lectron ics  assembly technology.  

Th is  th i rd  ed i ti on  cancels  and  replaces  the  second  ed i tion  publ ished  in  201 3.  Th is  ed i ti on  
consti tu tes  a  techn ica l  revis ion .  

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

a)  the  requ irements  have  been  updated  to  be  compl ian t wi th  the  acceptance  cri teria  in  
I PC-A-61 0F;  

b)  some of the  term inology used  i n  the  document has  been  updated ;  

c)  references  to  I EC  standards  have  been  corrected ;  

d )  five  term ination  styles  have  been  added .  
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The  text of th is  I n ternational  Standard  is  based  on  the  fol lowing  documents:  

CDV Report  on  voti ng  

91 /1 386/CDV 91 /1 429/RVC 

 

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 .  

A l i st  of a l l  parts  of I EC  61 1 91  under the  general  ti t le  Printed board assemblies  can  be  found  

i n  the  I EC  websi te.  

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

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

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

 

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

Part 2:  Sectional  specification  –  
Requirements  for surface mount soldered  assembl ies  

 
 
 

1  Scope 

This  part of I EC 61 1 91  g i ves  the  requ i rements  for su rface  moun t solder connections.  The  
requ i rements  pertain  to  those  assembl ies  that are  tota l l y su rface  mounted  or to  the  surface  
mounted  portions  of those  assembl ies  that incl ude  other re lated  technolog ies  (e. g .  th rough -
hole,  ch ip  mounting ,  term inal  moun ting ,  etc. ) .  

2  Normative references  

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

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

I EC 61 1 91 -1 ,  Printed board assemblies – Part 1 :  Generic specification – Requirements for 
soldered electrical and electronic assemblies using surface mount and related assembly 
technologies 

IPC-A-61 0,  Acceptabi l i ty of E lectron ic Assembl ies  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g i ven  i n  I EC  601 94  appl y.  

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

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

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

4 General  requirements  

The requ i rements  of I EC 61 1 91 -1  are  a  mandatory part  of th is  speci fication .  

Workmansh ip  shal l  meet the  requ i rements  of I PC-A-61 0  in  accordance wi th  the  classi fication  
requ irements  of th is  document.  

5 Surface mounting  of components  

5.1  General  

This  clause  covers  assembly of components  that are  p laced  on  the  surface  to  be  manual l y or 
mach ine  soldered  and  i ncludes  components  des igned  for surface  mounting  as  wel l  as  
th rough-hole  components  that have  been  adapted  for su rface  mounting  technology.  

http://www.iso.org/obp
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5.2  Al ignment  requ irements  

Sufficien t process  control  at a l l  s tages  of design  and  assembly shal l  be  i n  p lace  to  enable  the  
post-soldering  a l i gnments  and  solder j o i n t  fi l l et  controls  speci fi ed  in  6 . 3  to  be  ach ieved .  

Relevant factors  affecti ng  the  requ i rements  i nclude  l and  and  conductor des ign ,  component 
proxim i ti es,  component and  l and  solderabi l i ty,  solder paste/adhesive  quan ti ty and  a l ignment 
and  component p lacement accuracy.  

5.3  Process  control  

I f su i table  process  controls  are  not i n  p l ace  to  ensure  compl iance  wi th  5 . 2  and  the  i n tent of 
Annex A,  the  deta i l ed  requ i rements  of Annex A shal l  be  mandatory.  

5.4  Surface  mounted  component  requ irements  

The l eads  of l ead  surface  mounted  componen ts  shal l  be  formed  to  the ir final  configuration  
prior to  moun ting .  Leads  shal l  be  formed  in  such  a  manner that the  l ead- to-body seal  i s  not 
damaged  or degraded  and  that they may be  soldered  in to  p lace  by subsequent processes  
wh ich  do  not resu l t  i n  residual  s tresses  decreasing  re l i ab i l i ty.  When  the  l eads  of dual - in - l ine  
packages,  flatpacks,  and  other mu l ti l ead  devices  become m isal i gned  during  process ing  or 
hand l i ng ,  they may be  s tra igh tened  to  ensure  para l l e l i sm  and  a l i gnment prior to  mounting ,  
wh i l e  main ta in ing  the  lead -to-body seal  i n tegri ty.  

5.5  Flatpack lead  forming  

5.5. 1  General  

Leads  on  opposi te  s ides  of surface  mounted  flatpacks  shal l  be  formed  such  that the  
non-paral le l i sm  between  the  base  surface  of the  component and  the  surface  of the  pri n ted  
board  ( i . e.  component can t)  i s  m in imal .  Component cant  i s  perm issib le  provided  the  fina l  
configuration  does  not exceed  the  maximum  spacing  l im i t of 2 , 0  mm  (see  F igure  1 ) .  

 

Key 

R l ead -bend  rad ius  

T  nom inal  l ead  th i ckness  

Figure 1  – Lead  formation  for surface  mounted  device  

5.5.2  Surface  mounted  device lead  bends  

Leads  shal l  be  supported  during  form ing  to  protect  the  l ead-to-body seal .  Bends  shal l  not 

extend  in to  the  seal  (see  F igure  1 ) .  The  lead-bend  rad ius  (R)  sha l l  be  >  1  T  (T  =  nom inal  l ead  

≤  2 , 0  mm  
45°  – 90°  

T
 

No bend  
i n to  the  seal  

R  

R  

IEC  
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th ickness) .  The  ang le  of that part of the  l ead  between  the  upper and  l ower bends  in  re lation  to  
the  moun ting  l and  shal l  be  45°  m in imum  and  90°  maximum .  

5.5.3  Surface  mounted  device  lead  deformation  

Lead  deformation  (un in tentional  bend ing)  may be  a l l owed  when  

a)  no  evidence  of a  short  ci rcu i t  or potentia l  short  ci rcu i t  exists ,  

b)  l ead-to-body seal  or weld  is  not damaged  by the  deformation ,  

c)  does  not vio late  m in imum  electrical  spacing  requ irement,  

d )  top  of l ead  does  not  extend  beyond  the  top  of body;  preformed  stress  loops  may extend  
above the  top  of the  body;  however,  s tand -off he igh t l im i t  shal l  not  be  exceeded ,  

e)  toe  curl ,  i f present on  bends,  sha l l  not exceed  two  times  the  th ickness  of the  l ead  (2  T),  

f)  coplanari ty l im i ts  are  not exceeded .  

5.5.4  Flattened  l eads  

Components  wi th  axia l  l eads  of round  cross-section  may be  fl attened  (coined)  for pos i ti ve  
seating  i n  surface  mounting .  I f flatten ing  i s  used ,  the  fl attened  th ickness  shal l  be  not l ess  than  
40  %  of the  ori g inal  d i ameter.  F lattened  areas  of l eads  shal l  be  excluded  from  the  1 0  %  
deformation  requ i rement i n  6. 5. 3  of I EC  61 1 91 -1 : 201 3.  

F lattened  l eads  on  opposi te  s ides  of a  surface  moun t part  shal l  be  formed  such  that  the  non -
paral le l i sm  between  the  base  surface  of the  component and  the  surface  of the  pri n ted  board  
(e. g .  component can t)  i s  m in imal .  

5.5.5  Dual-in-l ine  packages  (DIPs)  

Dual - in - l i ne  packages  may be  surface  mounted  provided  the  l eads  are  configured  to  meet the  
mounting  requ irements  for surface  mounted  l oaded  parts .  The  l ead  preparation  operation  
shal l  be  performed  using  d ie  form ing /cu tti ng  systems.  Hand  form ing  and  trimm ing  of l eads  are  
proh ib i ted .  

5.5.6  Parts  not  configured  for surface  mounting  

Flatpacks  of the  through-hole  configuration ,  trans istors,  metal  power packages,  and  other 
non-axia l  l ead  components  shal l  not be  surface  moun ted  un less  the  l eads  are  formed  to  meet  
the  surface  mounted  device  lead  form ing  requ i rements.  Such  appl ications  shal l  be  agreed  on  
between  user and  manufacturer.  

5.6  Smal l  devices  with  two terminations  

5.6. 1  General  

The detai led  requ irements  for mounting  of smal l  devices  wi th  two  l ead  term inations  are  
defined  i n  5. 6 . 2  and  5. 6 . 3 .  

5.6.2  Stack mounting  

When  part  stacking  i s  perm i tted  by the  assembly d rawing ,  parts  shal l  not  bridge  spacing  
between  other parts  or components  such  as  term inals  or other ch ip  components.  

5.6.3  Devices  wi th  external  deposi ted  elements  

Components  wi th  e lectrical  e lements  deposi ted  on  an  external  surface  (such  as  ch ip  res istors)  
shal l  be  mounted  wi th  that  surface  facing  away from  the  pri n ted  board  or substrate.  
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5.7  Lead  component  body posi tion ing  

5.7. 1  General  

Parts  mounted  over protected  surfaces  and  i nsu lated  parts  that  are  pos i ti oned  over ci rcu i try 
or parts  mounted  over su rfaces  wi thout exposed  ci rcu i try may be  fl ush  mounted  ( i . e.  no  s tand -
off heigh t).  Parts  mounted  over exposed  ci rcu i try sha l l  have  thei r l eads  formed  to  provide  a  
m in imum  of 0 , 25  mm  between  the  bottom  of the  component body and  the  exposed  ci rcu i try.  
The  maximum  clearance  between  the  bottom  of the  l eaded  component body and  the  pri n ted  
wiri ng  surface  shal l  not exceed  2 , 0  mm .  

5.7.2  Axial -leaded  components  

The body of a  surface-moun ted  axia l - l eaded  componen t shal l  be  spaced  from  the  surface  of 
the  prin ted  board  at  a  maximum  of 2 , 0  mm  un less  the  component i s  mechan ical l y attached  to  
the  substrate  by adhes ive  or other means.  Leads  on  opposi te  s ides  of surface  mounted  
axia l - l eaded  components  shal l  be  formed  such  that  component can t  (non -paral l el ism  between  
the  base  surface  of the  mounted  component and  the  surface  of the  prin ted  board)  i s  m in imal  
and  i n  no  i nstance  shal l  body cant resu l t i n  non-conformance  wi th  maximum  spacing  l im i ts .  

5.7.3  Other components  

TO-can  devices,  tal l  profi l e  components  ( i . e.  over 1 5  mm),  transformers,  and  metal  power 
packages  may be  surface  mounted  provided  the  parts  are  bonded  or otherwise  secured  to  the  
board  i n  a  manner wh ich  enables  the  part  to  wi thstand  the  end -i tem  shock,  vibration  and  
envi ronmental  s tresses.  

5.8  Parts  configured  for bu tt l ead  mounting  

Componen ts  des igned  for through  hole  (p in - i n -hole)  appl ications  and  mod i fied  for bu tt  j o in t 
attachment,  or sti ff l eaded  dual - in - l ine  packages  may be  bu tt mounted  on  l evel  A and  B  
products.  Bu tt  mounting  i s  not perm i tted  on  level  C  products  un less  the  component i s  
des igned  for surface  mounting .  Components with  solder-charged terminations designed  for butt 
mounting  may be  acceptable  for a l l  cl asses.  For other bu tt-mounted  term ination  components  
acceptance cri teria  have  to  be  agreed  between  the  manufacturer and  the  user.  

5.9  Non-conductive  adhesive  coverage l im i ts  

Non-conductive  adhesive  materia ls,  when  used  for component mounting ,  sha l l  not flow onto,  
or obscure,  areas  to  be  soldered  or i n to  vias  or p lated-through  holes.  

6 Acceptance requirements  

6.1  General  

Materia ls ,  processes,  and  procedures  described  and  speci fi ed  in  I EC  61 1 91 -1  provide  for 
soldered  i n terconnections  that are  better than  the  m in imum  surface  mount acceptance 
requ i rements  i n  th is  clause.  Processes  and  the ir control  shou ld  be  capable  of producing  
product  meeting  or exceed ing  the  acceptance  cri teria  for defined  product  l evels.  

6.2  Control  and  corrective  actions  

The detai l ed  requ irements  for acceptance,  correcti ve  action  l im i ts ,  con trol  l im i t  determ ination ,  
and  general  assembly cri teria  described  in  I EC  61 1 91 -1  are  a  mandatory part  of th is  s tandard .  
I n  add i tion  6 . 3  shal l  be  met for a l l  surface  moun t assembly and  for connection  acceptabi l i ty.  
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6.3  Surface  soldering  of l eads  and  terminations  

6.3. 1  General  

Solder j o in ts  or term inations  on  components  des igned  for surface  mounting  shal l  exh ibi t  
solder j oi n ts  that meet the  general  descriptions  of C lause  1 0  of I EC  61 1 91 -1 : 201 3  wi th  the  
speci fic measurements  defined  in  6 . 3 . 3  to  6. 3. 1 7  of th is  document.  Some surface-mounted  
components  wi l l  se l f-a l i gn  during  reflow soldering  bu t a  degree  of m isa l ignment i s  perm i tted  to  
the  extent  speci fied .  However,  m in imum  design  conductor spacing  shal l  not  be  vio lated .  

I n  6. 3. 3  to  6 . 3 . 1 7,  certa in  j o in t  features  are  unspeci fied  in  s i ze  and  the  on l y requ irement i s  
that a  properl y wetted  fi l l et  to  both  lead/term ination  and  l ands  be  vis ible.  Geometric  
d imensions  not  cal l ed  ou t  wi th  any requ i rements  are  considered  non-cri tical  to  the  
performance of the  i n terconnection .  

Surface-moun ted  j o i n ts  formed  to  connector,  socket,  and  other l eads  or term inations  wi thout 
mechan ical  support,  subjected  to  stress  from  i nsertion  and  wi thdrawal  of componen ts  or 
prin ted  boards,  shal l  meet the  requ i rements  of l evel  C.  

6.3.2  Solder fi l l et  height and  heel  fi l l ets  

6.3.2 . 1  General  

The he igh t F  of solder fi l l ets,  i nclud ing  heel  fi l l ets,  as  requ i red  in  the  fol lowing  subclauses  
shal l  be  j udged  by the  d istance  the  appl ied  solder has  risen  up  the  j o ined  su rface.  F igure  2  
i l l ustrates  th is  measurement for j oi n ts  of equal  he ight  bu t having  d i fferent solder volume.  I n  
6. 3. 3  to  6 . 3 . 1 2 ,  for some l ead  configurations,  the  m in imum  acceptable  fi l l et he igh t cri teri on  i s  
referenced  to  the  l ead  th ickness  T,  or one  hal f the  th ickness  (0 , 5  T) .  When  referenced  to  T,  
the  heigh t of the  heel  fi l l et to  a  formed  l ead  shal l  be  measured  at  the  l owest  poin t  of the  ins ide  
bend  rad ius  of the  l ead ,  as  i nd icated  by poin t  A of F igure  2b  (e. g .  l evel  C  i n  F igures  3  to  5) .  
When  referenced  to  0 , 5  T,  the  fi l l et may be  0, 5  T  l ower (e. g .  l evel  B  i n  F i gures  3  to  5).  

NOTE  Subclause  6 . 3 . 3  provides  an  organ i zation  that  combines  the  requ i rement paragraph ,  the  appropri ate  fi gu re  
and  a  d imensional  tabl e  that  d escribes  the  speci fi c  detai l s .  

6.3.2 .2  Solder connection  contours  

A mounting  techn ique  shal l  be  used  to  compensate  for the  coefficient of thermal  expansion  
(CTE)  m ismatch  of the  part and  board .  Th is  mounting  techn ique  shal l  be  l im i ted  to  part l eads,  
specia l i zed  mounting  devices,  and  normal  solder connections.  The  use  of specia l i zed  s tand-
offs  mounted  between  the  part  and  the  l and  is  perm issib le.  Lead less  components  shal l  not  be  
soldered  in to  place  us ing  redundant i n terconnect wiring  between  the  component castel lation  
and  the  land .  

Des igns  that use  specia l  so lder connection  contours  as  part  of a  CTE  m ismatch  compensation  
system  shal l  be  i denti fi ed  on  the  approval  assembly d rawing .  The  moun ting  techn ique  shal l  be  
capable  of perform ing  wi th  a  solder connection  wh ich  meets  the  requ i rements  of th is  
document.  

6.3.2 .3  Surface  mount device l ead  heel  posi tion  

The heel  of a  l eaded  componen t shal l  not overhang  the  l and .  

NOTE  The  heel  beg ins  where  the  l ead  s tarts  to  cu rve  at  the  l ead  bend .  

6.3.2 .4  Break-away tie  bars  

Components  (e. g .  connectors  and  fl exible  ci rcu i ts)  wh ich  i ncorporate  break-away tie  bars  i n  
thei r des ign  may be  insta l l ed  or soldered  in  p lace  prior to  removal  of the  tie  bar.  Exposed  
basis  meta l  resu l ti ng  from  tie  bar removal  i s  permiss ib le.  
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a)  F i l l et  height  

 

b)  F i l l et  heigh t referenced  to  l ead  th ickness  

Key 

A l owest poin t  of i ns i de  bend  rad i us  

F  fi l l et  hei ght  

L  pro jected  l ead  l ength  

T  l ead  th i ckness  

Figure 2  – Fi l l et height  

6.3.3  Flat  ribbon  L  and  gu l l -wing  l eads  

Solder j o i n ts  between  substrate  lands  and  fl at  ribbon  l eads  formed  i n to  an  L,  and  gu l l -wing  
shaped  component l eads  of ei ther sti ff or fl exib le  materia ls  shal l  meet the  a l ignment and  
solder fi l let requ irements  of F igure  3  for each  product  l evel .  

IEC  

F
 

F
 

A  

T  
 A =  l owest  poi n t  of i ns i de  
   bend  rad ius   

L  =  pro jected  l ead  l eng th  

L  L  

T =  l ead  th i ckness   

IEC  

F
 

F  =  fi l l et  heigh t  
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Dimensions in  millimetres 

Featu re  Dimension  Level  A Level  B  Level  C  

Maximum  s i de  overhang  
A 

½W or 0 , 5  mm , d
 

whichever i s  l ess  
½W or 0 , 5  mm , d

 

whichever i s  l ess  
¼W or 0 , 5  mm , d  

whichever i s  l ess  

Maximum  toe  overhang  
B  d  

Not  perm i tted  when  
L  <  3W  d  

Not  perm i tted  when  
L  <  3W  d  

M i n imum  end  j oi n t  wi d th  c  C  ½W ½W ¾W 

Min imum  s i de  
j oi n t  l eng th  b  

When  L  ≥  3W  

D 
W or 0 , 5mm ,  

wh ichever i s  l ess  

3W  or ¾L,  wh ichever i s  l onger 

When  L  <  3W L  

Maximum  heel  fi l l et  height  E  f 

Min imum  heel  
fi l l et  hei ght  

T  ≤  0 , 4  mm  
F  e  

G +  T  
G  +  T  f

 

T >  0 , 4  mm  G  +  ½T 

M in imum  solder th i ckness  G  e  e  e  

a  Sol der fi l l ets  for l evel s  A and  B  may extend  th rough  the  top  bend .  

b  Leads  not  havi ng  wettab le  s i des  or ends  by desi gn  (such  as  l eads  s tamped  or sheared  from  prepared  stock)  
are  not  requ i red  to  have  s i de  or end  fi l l ets ,  bu t  s i de  overhang  i s  not  perm i tted  (al l  l evel s).  

c,  d  Shal l  not  vi o late  m in imum  des ign  conductor spacing .  

e  Properl y wetted  fi l l et  eviden t.  

f  Sol der does  not  touch  body or end  seal .  

g  I n  case  of toe  down  confi gurati on ,  m in imum  fi l l et  height  F  extends  at  l east  to  the  m id -poin t  of the  ou ts ide  l ead  
bend .  

Figure 3  – Flat ribbon  and  gu l l -wing  leads  

6.3.4  Round  or flattened  (coined)  l eads  

Join ts  formed  to  round  or fl attened  (coined)  l eads  shal l  meet the  d imensional  and  fi l l et  
requ i rements  of F igure  4  for each  product l evel .  

IEC  

L  

A  
B  

W  

G
 

W  

A  
C  

Lead  

Land  
Side  overhang  Toe  overhang  

End  j o i n t  wid th  Others  l ead  confi gu rati ons  

W  

L  

B  

E
 

F
 

T
 

G
 

G
 

G
 T
 

T
 E
 

F
 

D  

F
 

D  

See notea  
of the  tabl e  

D =  s i de  j o i n t  l ength  W =  l ead  wi d th  T =  l ead  th i ckness  
Toe down  heel  fi l l et  heigh t  

Center l i ne  of T  
Line  b i secti ng  
l ower bend  rad ius  

See  Note  g  
of th e  tab l e  

L  =  formed  foot l ength  
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Dimensions in  millimetres 

Feature  Dimension  Level  A Level  B  Level  C  

Maximum  s i de  overhang  
A ½W or 0 , 5  mm ,  wh i chever i s  l ess  b  

¼W or 0 , 5  mm ,  
wh ichever i s  l ess  b  

Maximum  toe  overhang  B  b  b  b  

Min imum  end  j oi n t  wi d th  C  c c  ¾W 

Min imum  s i de  j oi n t  l eng th  D  W 1 ½W 

Maximum  heel  fi l l et  height  E  a  a  a  

Min imum  heel  fi l l et  hei ght  F  c G +  ½T 
d
 G  +  T  d  

M i n imum  solder th i ckness  G  c c  c  

Min imum  s i de  j o i n t  hei gh t  Q  c G +  ½T G  +  ½T 

a  Sol der does  not  touch  package  body or seal .  

b  Shal l  n ot  vi olate  m in imum  design  conductor spacing .  

c  Properl y wetted  fi l l et  eviden t.  

d  I n  case  of toe  down  confi gurati on ,  m in imum  heel  fi l l et  heigh t  F  extends  at  l east  to  the  m id -poin t  of the  ou ts ide  
l ead  bend  

Figure 4 – Round  or flattened  (coined)  l ead  join t  

6.3.5  J  leads  

Join ts  formed  to  l eads  having  a  J  shape  at  the  j o i n t  s i te  shal l  meet the  d imensional  and  fi l l et  
requ i rements  of F igure  5  for each  product l evel .  

IEC  

L  

A  

B  

G
 

W  

A  C  
Side  overhang  Toe overhang  

End  j oi n t  wid th  

Others  l and  confi gu rati ons  

E
 

F
 

T
 

G
 

F
 

D  

See  notea  
of the  tabl e  

Side  j o i n t  l eng th  

W  =  fl attened  l ead  wid th  or  
    d i ameter of round  l ead  
T   =  th i ckness  of l ead  at  j o i n t  
  s i te  (cover l and )  
L  =  formed  foot  l ength  

Toe  down  heel   
fi l l et  hei ght  

Line  b i secti ng  
l ower bend   
rad ius  

W  

Q
 

G
 

Q
 

A  
A  

C  
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Dimensions in  millimetres 

Feature  Dimension  Level  A Level  B  Level  C  

Maximum  s i de  overhang  f  A  ½W ½W ¼W 

Maximum  toe  overhang  B  b  d  b  d  b  d  

Min imum  end  j o i n t  wi d th  C  ½W ¾W 

M in imum  s i de  j oi n t  l eng th  e  D  c 1 ½W 1 ½W 

Maximum  fi l l et  heigh t  E  a  a  a  

Min imum  fi l l et  height  F  G  +  ½T G  +  T  

M in imum  solder th i ckness  G  c c  c  

a  Maximum  solder fi l l et  does  not  touch  package  body or end  seal .  

b  Unspeci fi ed  parameter.  

c  Properl y wetted  fi l l et  evident.  

d  Shal l  not  vi o late  m in imum  design  conductor spacing .  

Figure 5  – J  l ead  joint  

6.3.6  Rectangu lar or square  end  component 

Solder j oi n ts  to  components  having  term inations  of a  square  or rectangu lar configuration  shal l  
meet the  d imensional  and  solder fi l let  requ i rements  of F igure  6  for each  product l evel .  

IEC  

A  

B  
Side  overhang  

Toe  overhang  

End  j o i n t  wid th  

E
 

F
 

T  

G
 

D  

See  notea  
of the  tabl e  

Side  j oi n t  l ength  

W  =  l ead  wid th   
T   =  l ead  th i ckness   

A  
C  

T  W  

G
 

Land  

Lead  

W  
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Dimensions in  millimetres 

Feature  Dimension  Level  A Level  B  Level  C  

Maximum  s i de  overhang  e  
A  ½W or P ,  wh ichever i s  l ess  

¼W or P ,  
wh ichever i s  l ess  

End  overhang  B  Not  perm i tted  

M in imum  end  j oi n t  wi d th  
C  ½W  or  P,  wh ichever i s  l ess  

¾W  or  P,  
wh ichever i s  l ess  

M in imum  s i de  j o i n t  l ength  c  D  d  

Maximum  fi l l et  hei gh t  a  E  a  

Min imum  fi l l et  heigh t  
F  d  G +  ¼H  or G  +  0, 5,  

wh ichever i s  l ess  

M in imum  solder th i ckness  b  G  d  

Min imum  end  overlap  c  J  requ i red  ¼T 

a  The  maximum  fi l l et  may overhang  the  l and  or extend  on to  the  top  of the  end -cap  metal l i zation ;  however,  the  
sol der shal l  n ot  extend  fu rther on to  the  component body.  

b  Un less  sati sfactory cl ean ing  can  be  demonstrated  wi th  reduced  cl earance.  G  i s  not  speci fi ed  when  cl ean i ng  i s  
not  requ i red .  

c  Not  requ i red  for one  face  on ly term ination  type  components .  

d  Properl y wetted  fi l l et  eviden t.  

e  Shal l  n ot  vi olate  m in imum  des ign  conductor spacing .  

Figure 6  – Rectangular or square end  components  

6.3.7  Cyl indrical  end-cap  terminations  

Solder j o in ts  to  components  having  cyl i ndrical  end -cap  term inations  (e. g .  MELFs)  shal l  meet 
the  d imensional  and  solder fi l l et  requ i rements  of F igure  7  for each  product l evel .  

IEC  

A  

B  

Side  overhang  
of term ination  

End  overhang  
End  j oi n t  wid th  

E
 

F
 

T  

D  

See notea  
of the  tabl e  

H  =  hei gh t  of term ination  zone  
W  =  wid th  of term ination  area  

C  

W  

G
 

W  

H
 

F
 

P  P  
A  

H
 

G
 

J  
W  W  W  

Five  face  
term ination  

Three  face  
term ination  

One or 
two-s i ded  
term ination  End  overlap  

Term ination  confi gurations  

T =  l ength  of term ination  zone  
P   =  wid th  of l and  
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Dimensions in  millimetres 

Feature  Dimension  Level  A Level  B  Level  C  

Maximum  s i de  overhang  c  A ¼W or P,  wh ichever i s  l ess  

End  overhang  B  Not  perm i tted  

M in imum  end  j oi n t  wi d th  C  
b  

½W or P ,  wh ichever i s  l ess  

M in imum  s i de  j o i n t  l ength  D  
b  

½T or S ,  
wh ichever i s  l ess  

¾T or S ,  
wh ichever i s  l ess  

Maximum  fi l l et  height   
(end  and  s i de)  

E  
a  

Min imum  fi l l et  heigh t   
(end  and  s i de)  

F  
b  

G +  ¼W or 

G   +  1 , 0  mm ,  
wh ichever i s  l ess  

Min imum  solder th i ckness  G  
b  

Min imum  end  overlap  J  
b  

¼T ¾T  

a  The  maximum  fi l l et  may overhang  the  l and  or extend  on to  the  top  of the  end -cap  metal l i zation ;  however,  the  
sol der shal l  n ot  extend  fu rther on to  the  component body.  

b  Properl y wetted  fi l l et  eviden t.  

c  Shal l  n ot  vi olate  m in imum  des ign  conductor spacing .  

Figure 7  – Cyl indrical  end-cap  terminations  

6.3.8  Bottom  on ly terminations  

Discrete  ch ip  components,  l ead less  ch ip  carriers,  and  other devices  having  metal l i zed  
term inations  on  the  bottom  side  on l y sha l l  meet the  d imensional  and  solder fi l l et requ irements  
of F igure  8  for each  product level .  

IEC  

A  
B  

Side  overhang   
End  overhang  

End  j oi n t  wid th  

E
 

F
 

T  

D  

See  notea  
of the  tabl e  

W  =  d i ameter of term ination  
T  =  term ination  /  p l ati ng  l eng th  
S  =  l and  l eng th  

C  

W  

F
 

P  

A  

G
 

J  

Side  j o i n t  l eng th  
and  end  overl ap  

S  
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Dimensions  i n  m i l l imetres  
 

Featu re  Dimension  Level  A Level  B  Level  C  

Maximum  s i de  overhang  A ½W or P ,  wh ichever i s  l ess
 d   ¼W or P ,  

wh ichever i s  l ess
 d  

End  overhang  B  Not perm i tted  

M in imum  end  j oi n t  wi d th  C  ½W or P ,  wh ichever i s  l ess  ¾W or P ,  
wh ichever i s  l ess  

M in imum  s i de  j o i n t  l ength  D  
a  a  a  

Maximum  fi l l et  hei gh t  E  
a  a  a  

Min imum  fi l l et  heigh t  F  
a  a  a  

Min imum  solder th i ckness  c  G  
b  b  b  

Min imum  end  overlap  J  
b  

½T ¾T 

a  Unspeci fi ed  parameter.  

b  Properl y wetted  fi l l et  eviden t.  

c  I f cl ean ing  i s  requ i red ,  G  i s  not  speci fi c  as  l ong  as  sati sfactory cl ean i ng  can  be  demonstrated  wi th  reduced  
cl earance.   

d  Shal l  n ot  vi olate  m in imum  des ign  conductor spacing .  

Figure 8  – Bottom  on ly terminations  

6.3.9  Castel lated  terminations  

Join ts  formed  to  castel l ated  term inations  of l ead less  ch ip  carriers  shal l  meet the  d imensional  
and  solder fi l l et  requ irements  of F igu re  9  for each  product  l evel .  

IEC  

A  

B  

Side  overhang   End  overhang  End  j o i n t  wid th  

D  

W  =  term ination  wid th  
T  =  term ination  l eng th  
P  =  l and  wid th  

C  
W  

P  

G
 

Side  j o i n t  l eng th  

G
 

A  

B  

T  

E
 

F
 

J  
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Dimensions in  millimetres 

Featu re  Dimension  Level  A Level  B  Level  C  

Maximum  s i de  overhang
 d  A  ½W ½W ¼W 

End  overhang  B  Not perm i tted  Not perm i tted  Not  perm i tted  

M in imum  end  j oi n t  wi d th  C  ½W ½W ¾W 

Min imum  s i de  j o i n t  l ength  a  D  c Depth  of castel l ati on  

Maximum  fi l l et  heigh t  E  a  d  

Min imum  fi l l et  heigh t  F  c 
G  +  ¼H  G  +  ½H  

M in imum  solder th i ckness  b  G  c 

a  The  maximum  fi l l et  may extend  beyond  the  top  of castel l ati on  provi ded  i t  does  not  contact  the  body 

b  I f cl ean ing  i s  requ i red ,  G  i s  not  speci fi c  as  l ong  as  sati sfactory cl ean i ng  can  be  demonstrated  wi th  reduced  
cl earance.  

c  Properl y wetted  fi l l et  eviden t.  

d  Shal l  n ot  vi olate  m in imum  des ign  conductor spacing .  

Figure  9  – Lead less  ch ip  carriers  wi th  castel lated  terminations  

6.3. 1 0  Butt join ts  

Join ts  formed  to  l eads  pos i tioned  perpend icu lar to  a  c i rcu i t  l and  i n  a  bu tt  configuration  shal l  
meet the  d imensional  and  solder fi l l et  requ i rements  of F igure  1 0  for each  product l evel .  For 
l evel  A and  B  products,  l eads  not having  wettable  s ides  by design  (such  as  l eads  stamped  or 
sheared  from  preplated  s tock)  are  not requ ired  to  have  s i de  fi l l ets ;  however the  des ign  shou ld  
perm i t easy i nspection  of wetting  to  the  wettable  surfaces.  

IEC  

A  

B  

Side  overhang   

D  

W  =  castel l ati on  wi d th  
H  =  castel l ati on  hei gh t  
P  =  l and  l eng th  external  
  to  package  

C  

W  

P  
Side  j o i n t  l eng th  

F
 

H
 

H
 

G
 F
 

A  

A  

Side  overhang   

Corner metal l i zation  
(term inati on )   
F i l l et  requ i red  i f  
l and  i s  present  

End  j oi n t  wid th  

E
 



 – 20  – I EC 61 1 91 -2: 201 7  © I EC  201 7  

 
 

Dimensions in  millimetres  

Featu re  Dimension  Level  A Level  B  

Maximum  s i de  overhang  c  A  ¼W Not perm i tted  

Toe  overhang  B  Not perm i tted  

M in imum  end  j oi n t  wi d th  C  ¾W ¾W 

Min imum  s i de  j o i n t  l ength  a  D  b  b  

Maximum  fi l l et  hei gh t  E  a  a  

Min imum  fi l l et  heigh t  F  0 , 5  mm  0 , 5  mm  

Solder th i ckness  G  b  b  

a  Maximum  fi l l et  may extend  i n to  the  bend  rad i us.  Solder does  not  touch  package  body or end  seal .  

b  Properl y wetted  fi l l et  eviden t.  

c  Shal l  n ot  vi olate  m in imum  des ign  conductor spacing .  

Figure 1 0  – Butt  joints  

6.3. 1 1  Inward  L-shaped  ribbon  leads  

Solder j o i n ts  to  components  having  i nward  L-shaped  ri bbon  l ead  term inations  shal l  meet the  
d imensional  and  solder fi l let requ i rement of F igure  1 1 .  

IEC  

A  

B  

Side  overhang   

D  

W  =  l ead  wid th  
T  =  l ead  th i ckness  

C  

Side  j oi n t  l ength  

G
 

A  
A  

Land  protrusion  

F
 

T  

F
 

W  

Lead  

End  j oi n t  wid th  

Land  

E
 

See  notea  
of the  tabl e  
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Dimensions in  millimetres 

Featu re  Dimension  Level  A Level  B  Level  C  

Maximum  s i de  overhang  a  
A ½W ½W 

¼W or ¼P,  
wh ichever i s  l ess  

Maximum  toe  overhang   B  a  

Min imum  end  j oi n t  wi d th  
C  ½W ½W 

¾W or ¾P,  
wh ichever i s  l ess  

Maximum  fi l l et  heigh t  E  H  +  G  b  

M i n imum  fi l l et  height  

F  

Wetti ng  i s  evi den t 
on  the  verti cal  
term ination  
su rfaces  

G  +  ¼H  or G  +  0 , 5,  
wh i chever i s  l ess  

G  +  ¼H  or G  +  0 , 5,  
wh ichever i s  l ess  

Solder th i ckness  G  c 

a  Shal l  n ot  vi o late  m in imum  design  conductor spacing .  

b  Sol der does  not  con tact component  body.  

c  Wetti ng  i s  evi dent.  

Figure 1 1  – Inward  L-shaped  ribbon  leads  

6.3. 1 2  Flat  l ug  l eads  

Solder j o i n ts  to  power d i ssipating  componen ts  wi th  fl at  l ug  l eads  term inations  shal l  meet the  
d imensional  requ i rements  of F igure  1 2  for each  product l evel .  

IEC  

H  =  l ead  hei gh t  
L  =  l ead  l eng th  
P  =  l and  wid th  
W =  l ead  wid th  

W  

Spl i t  l ead  vers ion  

F
 

E
 

B  

P  

P  

W  

G
 

F
 

H
 

B  

L  

Land  G
 

C  

P  
A  
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  L  =   lead length 
 P  =   land width  
 W = lead width  
 T  =   lead thickness 
 J   =   land protrusion 
 K  =   gap between package and land  

W 

P 

J  
 K 

G 

 D 

F 

E 

T T  F 

J  J  

A 

C 

B 

SOURCE:  I PC.  F i gure  reprin ted  wi th  perm iss ion .  

Dimensions in  millimetres 

Featu re  Dimension  Level  A Level  B  Level  C  

Side  overhang  A ½W c  ¼W c  Not  perm i tted  

Toe  overhang  B  
c 

Not perm i tted  Not perm i tted  

M in imum  end  j oi n t  wi d th  C  ½W ¾W W 

M in imum  s i de  j o i n t  l ength  D   L  – K a  L  – K
 a  

Maximum  fi l l et  heigh t  E  
b  b  

G  +  T  +  1 , 0  

M in imum  fi l l et  height  F  
d  d  

G +  T  

Solder th i ckness  G  
d  d  d  

a  Where  the  l ug  i s  i n tended  to  be  sol dered  beneath  the  component  body and  the  l and  i s  designed  for th i s  
purpose,  the  l ead  shal l  show evidence  of wetti ng  i n  the  gap  K.  

b  Unspeci fi ed  parameter.  

c  Shal l  n ot  vi o late  m in imum  design  conductor spacing .  

d  Wetti ng  i s  evi dent.  

Figure 1 2  – F lat lug  l eads  

6.3. 1 3  Bal l  g rid  array 

Solder j o i n ts  of bal l  g rid  array (BGA)  shal l  meet the  d imensional  requ i rements  of F igure  1 3  or 
Table  1  for each  product l evel .  Whether the  BGA bal l s  are  col lapsing  or non-col l aps ing  
depends  on  the  soldering  temperature .   
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SOURCE:  I PC.  F i gure  reprin ted  wi th  perm iss ion .  
 

Feature  Level  A,  B,  C  

Al ignment  Solder ba l l  offset  does  not  void  m i n imal  e l ectri cal  cl earance  

Clearance  C  Solder ba l l  offset  does  not  void  m i n imal  e l ectri cal  cl earance  

Soldered  connection  Solder ba l l s  con tact  the  l and  and  form  a  conti nuous  e l l i pti ca l ,  round  or p i l l ar 
connection  

Voids  Level  of voi d i ng  shal l  be  agreed  between  user and  supp l i er a  b  c  

Underfi l l  or s taking  materia l  Present and  completel y cu red  i f requ i red  

a  Des ign-i nduced  voi ds  by m icrovias,  etc.  are  excl uded .  I n  such  cases,  acceptance  cri teri a  have  to  be  
establ i shed  between  user and  suppl i er.  

b  Manufactu rer may use  test  or anal ys i s  to  deve lop  a l ternati ve  vo ids  cri teri a  u nder consideration  of end  use  
envi ronment.  

c  Plati ng  process  i nduced  voids ,  e . g .  m icro-voi ds/champagne  voids,  are  excl uded .  I n  such  cases,  acceptance  
cri teri a  have  to  be  establ i shed  between  user and  suppl i er.  

Figure 1 3  – BGA wi th  col lapsing  bal ls  

 

Table  1  – BGA wi th  non-col lapsing  bal l s  

Featu re  Level  A,  B,  C  

Al ignment  Solder ba l l  offset  does  not  void  m i n imal  e l ectri cal  cl earance  

Soldered  connection  Solder i s  wetted  to  the  sol der bal l  and  l and  

Underfi l l  or staking  materia l  Present  and  completel y cu red  i f requ i red  

 

6.3. 1 4  Column  grid  array 

Solder j o i n ts  of co lumn  grid  arrays  wi th  round ,  square  and  rectang le  profi l e  shal l  meet the  
d imensional  requ irements  of Table  2  for each  product l evel .  

Table  2  – Column  grid  array 

Featu re  Level  A Level  B,  C  

Al ignment  Column  offset  does  not  void  m i n imal  
e l ectri cal  cl earance  

Column  perimeter does  not  extend  
perimeter of the  l and  

Soldered  connection  270°  ci rcumferen ti a l  wetti ng  270°  ci rcumferen tia l  wetti ng  

Underfi l l  or s taking  material  Present and  completel y cu red  i f requ i red  
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6.3. 1 5  Bottom  termination  components  

Solder j o in ts  of bottom  term ination  components  shal l  meet the  d imensional  requ i rements  of 
F igure  1 4  for each  product l evel .   

 

SOURCE:  I PC.  F i gure  reprin ted  wi th  perm iss ion .  
 

Featu re  Dimension  Level  A Level  B  Level  C  

Side  overhang  A ½W a  ¼W a  ¼W a  

Toe  overhang  B  Not perm i tted  Not perm i tted  Not perm i tted  

M in imum  end  j o i n t  wi d th  C  ½W ¾W ¾W 

M in imum  s i de  j oi n t  l eng th  D  d  d  d  

Solder fi l l et  th i ckness  G  c c  c  

Min imum  toe  fi l l et  he ight  F  b  e  b  e  b  e  

Term ination  he ight  H  e  e  e  

Land  wi d th  P  b  b  b  

Term ination  wi d th  W b  b  b  

a  Does  not  vi olate  m in imum  e lectri cal  cl earance.  

b  Unspeci fi ed  parameter.  

c  Wetti ng  i s  evi dent.  

d  No vi sual  i nspectab le  attri bu te.  

e  H  =  heigh t  of wettable  s i de  su rface  i f present.  Some packages  do  not  have  wettabl e  su rface  on  s i des  and  do  
not  requ i re  a  s i de  fi l l et.  

Figure 1 4 – Bottom  termination  components  

6.3. 1 6  Components  wi th  bottom  thermal  plane  terminations  (D-Pak)  

Solder j o i n ts  of components  wi th  bottom  thermal  planes  shal l  meet the  d imensional  
requ irements  of F igure  1 5  for each  product l evel .  
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SOURCE:  I PC.  F i gure  reprin ted  wi th  perm iss ion .  
 

Featu re  Dimension  Level  A Level  B  Level  C  

Side  overhang  Aa  

Cri teri a  for the  type  of l ead  term ination  bei ng  used  

Toe  overhang  Ba  

M i n imum  end  j o i n t  wi d th  Ca  

M i n imum  s i de  j o i n t  l ength  Da  

Maximum  heel  fi l l et  height  Ea  

M i n imum  heel  fi l l et  hei gh t  Fa  

Sol der fi l l et  th i ckness  G  

Lead  th i ckness  T  

 

Featu re  (on l y thermal  plane  connection )  Dimension  Level  A Level  B  Level  C  

Thermal  p l ane  s i de  overhang   ¼W 

Thermal  p l ane  end  overhang   Not perm i tted  

Thermal  p l ane  end  j o i n t  wid th   1 00  %  wetti ng  i n  con tact area  b  

Thermal  p l ane  s i de  j o i n t  l eng th  Da  c  

Thermal  p l ane  so l der fi l l et  th i ckness  G  Wetti ng  i s  evi den t when  a  fi l l et  i s  present  

Thermal  p l ane  vo id  cri teri a   c  

Thermal  p l ane  term ination  wi d th  W b  

Thermal  p l ane  l and  wi d th  P  d  

a  See  6 . 3 . 3 .  

b  Solder wetti ng  i s  not  requ i red  on  trimmed  edges  of the  thermal  p l ane  i f that  exposes  not  wettable  su rfaces .  

c  Acceptance  cri teria  have  to  be  establ i shed  between  the  user and  the  suppl i er.  

d  Not speci fi ed  or design  determ ined  variable  i n  s i ze.  

Figure 1 5 – Bottom  thermal  plane  terminations  
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6.3. 1 7  P-style  terminations  

Solder j o in ts  of components  wi th  P-style  term inations  shal l  meet the  d imensional  
requ irements  of F igure  1 6  for each  product l evel .  

 

SOURCE:  I PC.  F i gure  reprin ted  wi th  perm iss ion .  
 

Featu re  Dimension  Level  A Level  B  Level  C  

Side  overhang  A ½W ¼W Not perm i tted  

Toe  overhang  B  
a  a  a  

Min imum  end  j oi n t  wi d th  C  ½W ¾W W 

M in imum  s i de  j o i n t  l ength  D  W 1 ½W 1 ½W 

Min imum  fi l l et  height  – toe  and  
heel  

F  
b  

¼H
 

¼H  

Term ination  he ight  H  
c c  c  

Min imum  s i de  fi l l et  hei ght  J  
b  b  b  

Term ination  l eng th  L  
c c  c  

Term ination  wi d th  W 
c c  c  

a  No  part  of the  L  porti on  of the  term ination  extends  beyond  the  l and .  

b  Wetti ng  i s  evi dent.  

c  Not speci fi ed  or design  determ ined  variable  i n  s i ze.  

Figure  1 6  – P-style  terminations  

6.4  General  post-soldering  requ irements  appl icable  to  al l  surface-mounted  
assembl ies  

6.4. 1  Dewetting  

Non-conform ing ,  defect l evel  A,  B ,  C:  dewetting  at  any term ination  i f i t  reduces  the  wetted  
area  of any term ination  or l and  by more  than  5  %  of the  maximum .  

6.4.2  Leaching  

Non-conform ing ,  defect  l evel  A,  B ,  C:  l each ing  at  any term ination  i f i t  causes  more  than  5  %  
of the  vis ib le  part  of any term ination  wetted  area  to  become unwetted .  

6.4.3  Pi ts,  voids,  blowholes,  and  cavi ties  

Non-conform ing ,  defect l evel  A,  B ,  C:  when  the  wetted  areas  or wetted  perimeters  of a  solder 
j oi n t are  reduced  below the  speci fi ed  m in imum  for the  relevan t j o in t  type.  
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6.4.4  Solder wicking  

Non-conform ing ,  defect l evel  A,  B ,  C:  wicking  prevents  the  speci fi ed  m in imum  wetting  
requ i rements  for the  re levan t j o in t type  from  being  met,  or i t  causes  excessive  sti ffness  in  a  
l ead .  

6.4.5  Solder webs  and  skins  

Non-conform ing ,  defect l evel  A,  B ,  C:  any solder web  or skin  presen t.  

6.4.6  Bridg ing  

Non-conform ing ,  defect l evel  A,  B ,  C:  any u nwanted  bridg ing  j o i n ing  normal l y i solated  
conducting  surfaces.  

Non-conform ing ,  defect l evel  B ,  C:  where  excess  solder causes  a  l arge  rig i d  connection  
between  two or more  component term inations  that are  i n tended  to  be  e lectrical l y connected  
bu t physica l l y apart,  th is  may a lso  be  non-conform ing .  Defect due  to  stress  risks  from  CTE  
m ismatch .  

6.4.7  Degradation  of marking  

Non-conform ing ,  defect l evel  A,  B ,  C:  l oss  of i den ti ty data  or parametric  value  marking  
through  degradation  of characters  or colours  on  components ,  parts ,  pri n ted  boards.  

6.4.8  Solder spikes  

Acceptable,  level  A,  B ,  C:  spikes  that have  rounded  tips  or are  l ess  than  0 , 5  mm  h igh  and  
appear i n  ci rcu i ts  that operate  below 250  V AC  or DC.  

Non-conform ing ,  defect l evel  A,  B,  C:  any spike  that  vio lates  m in imum  design  spacing .  

6.4.9  Disturbed  joint  

Acceptable,  l evel  A,  B ,  C:  a  j o in t wi th  surface  roughness  (gra iny or du l l  fi n ish).  

Non-conform ing ,  defect l evel  A,  B ,  C:  any j o in t exh ib i ti ng  a  crack,  fi l l et l i fting ,  or a  surface  
exh ib i ti ng  vis ib le  contam ination .  

6.4. 1 0  Component damage 

Non-conform ing ,  defect l evel  A,  B ,  C:  any damage to  a  component,  part,  or board  that  may 

a)  cause  l oss  of functional i ty,  reduction  i n  re l iabi l i ty,  or 

b)  resu l t  i n  fa i l u res  to  meet relevant  I EC or user’s  speci fications ,  or 

c)  be  a  rejection  cri terion  for qual i ty i nspections.  

6.4. 1 1  Open  ci rcu i t,  non-wetting  

Non-conform ing ,  defect  l evel  A,  B ,  C:  any solder j o i n t  where  solder was  avai l ab le  bu t there  
has  been  fa i lu re  to  wet any surface  speci fied  as  being  part  of the  m in imum  j o in t,  for example  
due  to  so lder bal l ing ,  poor solderabi l i ty,  surface  tens ion  effect  (tombston ing).  

6.4. 1 2  Component ti l ting  

Acceptable,  l evel  A,  B ,  C:  a  component or part  that exh ib i ts  t i l t  i n  any d i rection ,  bu t  meets  the  
re levant  speci fied  requ irements  for a l l  i ts  so ldered  j oi n ts.  
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Non-conform ing ,  defect l evel  A,  B ,  C:  any component or part  whose  ti l t  causes  i t  to  fa i l  to  
meet the  speci fi ed  m in imum  requ i rements .  

6.4. 1 3  Non-conducting  adhesive encroachment  

Acceptable,  l evel  A,  B ,  C:  adhes ive  encroachment i n to  a  so lder j o in t that does  not prevent i t  
from  meeting  the  re levant speci fied  m in imum  wetti ng  and  a l ignment requ i rements.  

Non-conform ing ,  defect l evel  A,  B ,  C:  adhesive  encroachment i n to  a  solder j o i n t  that  wi l l  
cause  i t  to  fa i l  to  meet the  relevant speci fi ed  m in imum  requ i rements  for the  j oin t or preven t  
re l i able  rework.  

6.4. 1 4  Open  ci rcu i t,  no  solder avai lable  

Non-conform ing ,  defect level  A,  B ,  C:  any fa i lu re  to  make a  solder j o i n t  due  to  l ocal  
non-avai labi l i ty of solder prior to  or during  soldering ,  for example  aris ing  from  a  stenci l  defect,  
shadowing ,  solder bal l i ng .  

6.4. 1 5  Component on  edge  

Acceptable,  level  A,  B ,  C:  provided  componen t body l eng th  i s  less  than  3 , 2  mm,  wid th  i s  l ess  
than  1 , 6  mm  and  th ickness  g reater than  1 , 0  mm  and  a l l  so lder j o i n t  and  al i gnment 
requ i rements  for the  re levan t l evel  are  met.  

7 Rework and  repair 

Rework shal l  on l y be  undertaken  wi th  prior perm ission  of the  user.  The  maximum  number of 
rework actions  on  an  i nd ividual  board  or un i t  shal l  be  agreed  on  wi th  the  user.  

Al l  rework acti vi ties  on  a  product sha l l  be  recorded  in  the  manufacturer’s  qual i ty system .  Th is  
data  shal l  be  used  for conti nual  improvement and  corrective  action  by the  suppl ier.  

When  rework is  performed ,  each  reworked  or reflowed  connection  shal l  be  i nspected  to  the  
requ irements  of 6 . 3 .  See  Table  3  for re-workable  defects .  
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Table  3  – Reworkable  defects  

No.  Defects  

1  Defects  i den ti fi ed  i n  Table  2  of I EC 61 1 91 -1 : 201 3  

2  F l at,  ri bbon  L,  or gu l l -wing  l ead  sol der connections  that  d o  not  meet the  requ i rements  of 6 . 3 . 1 ,  6 . 3. 2  or 
6 . 3 . 3  

3  Round  or fl attened  (coi ned )  l ead  sol der connections  that  do  not  meet  the  requ i rements  of 6 . 3,  6 . 3. 2  or 
6 . 3 . 4 .  

4  J  l ead  sol der connections  that  do  not  meet the  requ i rements  of 6 . 3 . 1 ,  6 . 3. 2  or 6 . 3. 5  

5  Rectangu l ar or square  end  component  sol der connecti ons  that  do  not  meet the  requ i rements  of 6 . 3. 1 ,  
6 . 3 . 2  or 6 . 3. 6  

6  Cyl i nd ri cal  end -cap  term ination  (MELF)  sol der connections  that  do  not  meet the  requ i rements  of 6 . 3. 1 ,  
6 . 3 . 2  or 6 . 3. 7  

7  Bottom  on ly term inati on  sol der connections  that  d o  not  meet the  requ i rements  of 6 . 3 . 1 ,  6 . 3. 2  or 6 . 3. 8  

8  Lead less  ch i p  carri er wi th  castel l ated  term inati on  sol der connections  that  d o  not  meet the  requ i rements  
of 6 . 3 . 1 ,  6 . 3. 2  or 6 . 3 . 9  

9  Bu tt  j o i n t  sol der connections  that  do  not  meet the  requ i rements  of 6 . 3. 1 ,  6 . 3 . 2  or 6 . 3 . 1 0  

1 0  I nward  L-shaped  l ead  connecti ons  that  d o  not  meet the  requ i rements  of 6 . 3,  6 . 3. 2  or 6 . 3. 1 1  

1 1  F l at  l ug  l eads  on  power d i ss ipati ng  components  that  do  not  meet the  requ i rements  of 6 . 3 . 1 ,  6 . 3 . 2  or 
6 . 3 . 1 2  

1 2  Bal l  g ri d  arrays  that  do  not  meet the  requ i rements  of 6 . 3. 1 ,  6 . 3. 2  or 6 . 3. 1 3  

1 3  Column  g ri d  arrays  that  do  not  meet the  requ i rements  of 6 . 3 . 1 ,  6 . 3 . 2  or 6 . 3 . 1 4  

1 4  Bottom  term ination  components  that  do  not  meet  the  requ i rements  of 6 . 3 . 1 ,  6 . 3. 2  or 6 . 3 . 1 5  

1 5  Components  wi th  bottom  thermal  p l ane  term inations  (D-Pak)  that  do  not  meet  the  requ i rements  of 
6 . 3 . 1 ,  6 . 3 . 2  or 6 . 3. 1 6  

1 6  P-style  term inations  that  do  not  meet  the  requ i rements  of 6 . 3 . 1 ,  6 . 3. 2  or 6 . 3 . 1 7  
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Annex A 
(normative)  

 
P lacement requ irements  for surface mounted  devices  

A.1  General  

The fo l l owing  p lacement requ irements  for surface  mount  devices  shal l  be  imposed  on l y i f 
process  controls  are  not  sufficientl y i n  p l ace  to  ensure  compl iance  wi th  5. 3 .  

A.2  Component posi tioning  

Misreg istration  of componen ts  shal l  not reduce  the  spacing  to  ad jacent prin ted  wi ri ng  or other 
metal l i zed  e lemen ts  by more  than  the  m in imum  e lectrical  spacing .  

A.3  Smal l  devices  incorporating  two terminations  

A.3. 1  Metal l ization  coverage over the  l and  (s ide-to-side)  

At least 75  %  of the  component metal l i zation  wid th  on  each  end  of the  component shal l  
overlap  the  land  area.  I f l and  meta l l i zation  wid th  is  l ess  than  75  %  of the  component 
metal l i zation ,  the  componen t metal l i zation  shal l  cover the  en ti re  wid th  of the  land  (see  F igure  
6).  

A.3.2  Metal l ization  coverage over the  l and  (end)  

At l east two-th i rds  of the  l ength  of the  end  metal l i zation  shal l  overlap  the  l and  area.  M in imum  
conductor spacing  shal l  be  maintained  (see  F igure  6).  

A.4  Mounting  of cyl indrical  end-cap devices  (MELFs)  

MELF devices  shal l  be  mounted  such  that  the  s i de  overhang  does  not exceed  25  %  of the  
d iameter of the  metal l i zed  face  (end  cap).  At l east  two-th i rds  of the  th ickness  of the  metal l i zed  
face  (end  cap)  shal l  be  on  the  l and  (see  F igure  7) .  Use  of l ands  wi th  cu t-outs  (e. g .  U -shaped  
l ands)  to  a id  i n  component posi ti on ing  i s  perm issib le  provided  that an  adequate  solder fi l l et i s  
formed.  

A.5  Registration  of castel lated  chip carriers  

At l east  75  %  of the  cross-section  of each  meta l l i zed  caste l l ation  of a  l ead less  ch ip  carrier 
sha l l  be  over the  land  to  wh ich  the  ch ip  carrier i s  reg istered  (see  F igure  9).  

A.6  Surface mounted  device lead  and  land  contact 

Min imum  contact l eng th  (D)  sha l l  be  equal  to  75  %  of the  foot l ength  (L)  for fl at ri bbon  l eads,  
round  l eads  and  flattened  round  l eads.  Refer to  F igures  3  to  4 .  

A.7  Surface mounted  device lead  side overhang  

Leads  may have  s ide  overhang,  provided  the  overhang  does  not exceed  25  %  of the  lead  
wid th  or 0 , 5  mm,  wh ichever i s  l ess ,  and  m in imum  conductor spacing  i s  main tained .  
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A.8  Surface mounted  device lead  toe overhang  

Toe ends  of l eads  of the  fol l owing  surface  moun ted  devices  may overhang  the  l and ,  provided  
the  m in imum  e lectrical  spacing  and  con tact l eng th  i s  main tained :  

•  fl at ri bbon  L  and  gu l l -wing  l eads;  

•  round  or fl attened  (coined)  l eads ;  

•  J  l eads.  

A.9  Surface mounted  device lead  height off land  (prior to  soldering)  

Round  or fl attened  l eads  may be  ra ised  off the  l and  surface  a  maximum  of one-hal f the  
orig inal  l ead  d iameter.  F lat or ri bbon  l eads  may be  ra ised  off the  l and  surface  a  maximum  of 
two times  the  l ead  th ickness  or 0 , 5  mm,  wh ichever i s  l ess.  Toe  up  or toe  down  on  fl at  and  
round  leads  shal l  be  perm issib le  provided  that separation  between  l eads  and  term ination  area  
does  not exceed  2T  and  50  %  of D  l im i ts ,  respectivel y.  

A.1 0  Posi tioning  of J  lead  devices  

J  l ead  devices  shal l  be  moun ted  so  that the  s ide  overhang  is  l ess  than  25  %  of the  l ead  wid th .  
The  part  sha l l  be  pos i ti oned  so  that  a  m in imum  solder fi l l et  of one-and-a-hal f l ead  wid ths  can  
be  formed .  

A.1 1  Posi tioning  gul l -wing  lead  devices  

I t  i s  preferred  that l eads  be  seated  such  that the  fu l l  l eng th  of the  foot i s  wi th in  the  l and  area  
(no  overhang).  

A.1 2  External  connections  to  packaging  and  interconnect structures  

Where packag ing  and  i n terconnect structures  (P&I )  are  used  to  provide  control led  thermal  
expansion ,  they shal l  not  be  connected  to  external  system  elements  ( i . e.  chass is  or heat  s inks)  
that  wi l l  degrade  the  thermal  expansion  control  be low des ign  l im i ts .  
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