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Derating  curves  based  on  terminal  part temperature  
 

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  comm i ttees;  any I EC National  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 ci pate  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 ona l  
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  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

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

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

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

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or 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)  Attention  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)  Attention  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  responsibl e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

The  main  task of I EC  techn ica l  comm ittees  is  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose  the  publ ication  of a  techn ica l  report  when  i t  has  col l ected  
data  of a  d i fferent ki nd  from  that  wh ich  is  normal ly publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC TR 63091 ,  wh ich  i s  a  techn ica l  report,  has  been  prepared  by I EC techn ical  committee  40:  
Capaci tors  and  res istors  for e l ectron ic equ ipment.  

The  text of th is  techn ica l  report i s  based  on  the  fol l owing  documents :  

Enqu i ry d raft  Report  on  voti ng  

40/2502/DTR 40/2532/RVDTR 

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  report can  be  found  in  the  
report on  voti ng  ind icated  i n  the  above  table.  
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Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/I EC  D i recti ves,  Part 2 .  

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  th e  data  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i tion ,  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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INTRODUCTION  

Work began  i n  201 2  to  adopt the  new derating  curve  su i table  for the  surface  mount fixed  
res istors  that use  the  term inal  part  temperature  as  the  horizon tal  axis.  

The  derating  curves  for surface  mount fixed  res istors  are  defined  i n  J I S  C  5201 -8: 201 4.  

However,  the  principle  of the  derating  curve  was  establ ished  when  the  res istors  were  
cyl i ndrical l y shaped ,  wi red  i n  the  a i r and  the  heat was  d iss ipated  d i rectly from  the  res istor 
body i n to  the  ambient  environment.  Therefore,  i t  i s  not  su i table  for the  surface  mount fixed  
res istors  that use  the  prin ted  ci rcu i t boards  as  the  main  heat path .  

I t  i s  necessary to  fu l fi l l  the  demands  from  the  e lectric  and  e lectron ic  device  manufacturers  for 
ra is ing  the  power ratings  safel y.  Add i tional l y,  i t  i s  requ ired  to  establ ish  a  new derating  curve  
that  i s  su i table  for the  su rface  mount fixed  res istors  so  that they can  be  used  safel y i n  a  h i gh  
temperature  envi ronment,  typica l l y i n  au tomotive  e lectron ic  devices.  

Making  a  change of the  temperature  ru le  for evaluation  of the  fixed  resistors  from  the  ambient 
temperature  to  the  temperature  of the  connection  poin t  ( term inal  part temperature  of the  
res istor)  wi l l  affect many defined  con ten ts  of mu l ti ple  standards  i n  the  I EC 601 1 5  series.  
Add i ti onal l y,  i t  wi l l  mean  chang ing  the  users'  evaluation  ru les,  so  the  impact wi l l  be  enormous.  
Therefore,  i t  has  been  decided  to  i ssue  the  Techn ical  Report fi rst  to  attract  attention  of the  
re levant  market  p layers  and  then ,  we  wi l l  s tart  working  on  chang ing  the  defined  con tents  of 
the  I EC  601 1 5  series.  
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STUDY FOR THE DERATING CURVE  
OF  SURFACE MOUNT FIXED RESISTORS –  

 
Derating  curves  based  on  terminal  part temperature  

 
 
 

1  Scope 

This  Techn ica l  Report i s  appl icable  to  SMD  res istors  wi th  s izes  equal  or smal ler than  the 
RR6332M,  i nclud ing  the  typ ical  rectangu lar and  cyl i ndrical  SMD  res istors  mentioned  i n  
I EC 601 1 5-8.  

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 ti on  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 601 1 5-1 : 2008,  Fixed resistors for use  in  electronic equipment – Part 1 :  Generic 
specification  

I EC 601 1 5-8: 2009,  Fixed resistors for use in  electronic equipment – Part 8: Sectional 
specification:  Fixed chip resistors 

3 Terms and  defin i tions  

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

I SO and  I EC maintain  term inolog ical  databases  for use  in  s tandard ization  at the  fo l lowing  
addresses:  

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

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

3. 1   
terminal  part  temperature  
Tt  
temperature  of term inal  part  of the  resistor 

3.2   
rated  terminal  part  temperature  

term inal  part  temperature  of the  res istor at  the  time of the  rated  l oad  l i fe  test  

3.3   
hotspot of the  resistor 
hottest part of the  res istor that i s  caused  by the  J ou le  heat generated  from  the  res isti ve  
e lemen t when  the  current  i s  appl ied  and  i s  general l y l ocated  ins ide  res istor's  body 

3.4  
hotspot temperature  
Ths  
temperature  of the  i n ternal  hotspot of the  res istor 

http://www.electropedia.org/
http://www.iso.org/obp
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3.5   
su rface hotspot of the  resistor 
hottest part on  the  surface  of the  res istor general l y near the  hotspot  

3.6   
su rface hotspot  temperature  
Tshs  
temperature  of the  surface  hotspot of the  res istor 

Note  1  to  en try:  General l y,  the  i n ternal  hotspot  temperature  i s  h i gher than  the  su rface  hotspot temperature.  

3.7   
thermal  resistance of the  resistor 
Rth  
restrain t  of the  thermal  fl ow from  the  res istor's  hotspot to  the  environment  

Note  1  to  en try:  Thermal  res i stance  i s  ca l cu lated  by d i vi d i ng  the  d i fference  between  the  surface  hotspot  
temperatu re  T

shs
 and  the  term inal  part  temperatu re  T

t
 by the  appl i ed  power P  and  usual l y expressed  i n  K/W.  

3.8   
thermal ly sensi tive  point temperature  
Tsp  
temperature  of the  part  the  most sensi ti ve  to  temperature  rise  i n  the  res istor 

3.9   
maximum  al lowable  temperature  
MAT 

i deal  maximum  temperature  at  wh ich  the  res istor i s  able  to  keep i ts  function  

3. 1 0   
maximum  terminal  part temperature  
MTT 

maximum  temperature  of the  term inal  part  of the  res istor 

4 Study for the derating  curve of surface mount fixed  resistors  

4.1  General  

The e lectric/electron ic  device  des igners  are  reducing  the  power appl ied  to  the  res istor below 
the  l evel  shown  i n  the  derating  curves  provided  by the  res istor manufacturer based  on  the  
ambien t temperature  of the  un loaded  res istor,  bu t  the  ambient  temperature  of the  board  rises  
when  they use  SMD  res istors.  

Bu t,  the  body temperature  of the  SMD resistor may become h igher than  the  temperature  
veri fied  i n  the  test implemented  by the  res istor manufacturer even  when  th is  ru le  i s  observed .  
On  the  other hand ,  i n  some cases  excessive  derati ng  i s  requested  and  an  extremely l arge  
marg in  i s  set.  

I n  th is  Techn ica l  Report,  the  reasons  why the  derating  curves ,  wh ich  are  defined  i n   
2 . 2 . 4  of I EC  601 1 5-1 : 2008  and  i n  2 . 2. 3  of I EC  601 1 5-8: 2009,  provided  by the  res istor 
manufacturers  sometimes  cannot be  used  by e lectric/electron ic device  des igners  in  thei r 
des ign  acti vi ty wi l l  be  g i ven ,  and  the  method  of chang ing  them  i n to  a  practical  des ign ing  tool  
wi l l  be  suggested .  

There  are  three  key poin ts .  The  fi rst  and  most  importan t poin t  i s  to  use  the  derati ng  curve  
based  on  the  term inal  temperature  instead  of the  ambien t temperature.  The  second  poin t i s  
the  measuring  method  of the  term inal  part temperature  of the  SMD mounted  on  the  pri n ted  

ci rcu i t  board .  The  th i rd  poin t i s  the  measuring  method  of the  thermal  res istance  R th  shs-t  of the  
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res istor term inal  part to  the  su rface  hotspot.  The  second  and  th i rd  poin ts  are  the  i ssues  that 
need  to  be  defined  in  association  wi th  the  fi rst poin t.  

4.2  Using  the derating  curve based  on  the  terminal  part  temperature  

Using  F igure  2  i nstead  of F igure  1  i s  suggested  for the  des ign  of h igh-power appl ications  of 
the  SMD res istors  i n  excess  of the  conventional  rated  d iss ipation  (e. g .  1 00  mW for RR1 608M).  
The  val i d i ty of using  the  derating  cu rve  based  on  the  term inal  part  temperature  is  explained  i n  
Annex E .  
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Figure  1  – Existing  derating  curve based  on  ambient temperature  
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4.3  Measuring  method  of the  terminal  part  temperature of the  SMD resistor 

The  measurement wi l l  be  done  on  the  common ly-used  prin ted  ci rcu i t  board ,  bu t the  res istor 
manufacturer can  replace  i t  wi th  the  board  defined  i n  the  s tandard .  The  temperature  
measurement pos i ti on  wi l l  be  the  centre  part  of the  fi l l et  regard less  of the  s i ze.  The  
measurement sensor wi l l  be  the  thermocouple.  The  measurement poin t  i s  shown  i n  F igure  3 .  

A type  K thermocouple  wi th  a  wi re  d iameter (s i ng le  wi re)  of 0 , 1  mm  is  recommended .  As  i n  
F igure  4 ,  the  tips  of the  type  K thermocouple  shou ld  be  spot-welded  and  pre-treated  by 
appl ying  su i table  fl ux and  d ipped  i n  mel ted  solder so  that  i t  can  be  surel y and  d i rectl y 
soldered  to  the  fi l l et  of the  target resistor.  

Th is  report i s  based  on  the  use  of type  K thermocouples  due  to  the i r l ow thermal  conductivi ty.  
I f other thermocouples  are  to  be  used ,  the ir thermal  properties  need  to  be  considered ,  as  
shown  for type  T  thermocouples  i n  Annex I .  

The  measured  value  shou ld  be  corrected  as  necessary by estimating  the  i n fl uence  of the  heat  
d issipation  through  the  thermocouple.  The  method  wi l l  be  mentioned  i n  Formu la  (1 ) .  

 

Key 

1  Resistor 

2   Sol der fi l l et  

3   Copper pattern  

4  Pri n ted  board  

5  Thermocouple  (Tip  i s  the  measuri ng  poin t)  

(b)  Attachment posi ti on  of the  thermocouple  when  fi l l et  i s  l arge  (cen tre  of sol der men iscus)  

(c)   Attachment posi ti on  of the  thermocouple  when  fi l l et  i s  smal l  (cen tre  of sol der men iscus)  

Figure 3  – Attachment  posi tion  of the  thermocouple   
when  measuring  the  temperature of the  terminal  part   
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Key 

1  Thermocouple  wi re  (a l umel  wi re)  

2  Thermocouple  wi re  (ch romel  wi re)  

3   Spot-welded  part  

4  F l ux-coated  part  

5   D ipped  i n  mel ted  sol der 

6   Connected  to  the  fi l l et  

Figure  4 – Attaching  type K thermocouples  

The thermocouple  connected  to  the  measuring  poin t wi l l  be  wi red  a long  the  i sothermal  l i ne.  
When  the  i sothermal  l i ne  i s  unknown ,  make sure  that  the  thermocouple  i s  not affected  d i rectl y 
by other heat-generati ng  products  on  the  board .  The  thermocouple  shou ld  not be  closel y-
attached  wi th  other products  or the  board ,  and  they shou ld  be  wi red  para l l el  to  the  board  as  
shown  i n  F igure  5 .  
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Key 

1  Wi ri ng  cl ose  to  the  parts  wi th  l arge  heat generati on  such  as  the  dotted  l i ne  sha l l  be  avoided .  

2  No  mechan ica l  s trength  when  on l y the  ti p  of the  thermocoupl e  i s  sol dered ,  so  fi x the  wi ri ng  and  trunking  on to  
the  parts  wi th  no  heat  generati on .  

3  Avoid  the  heat  generati ng  parts  when  wi ri ng .  

(A)  I nadequate  wi ri ng .  

(B)  Su i tabl e  wi ri ng .  

Figure 5  – Wiring  routing  of the  thermocouple  

Next,  the  temperature  d rop  caused  by the  heat d iss ipation  from  the  thermocouple  wi l l  be  

estimated  by comparing  the  measured  temperature  Tt ’  and  the  true  va lue  Tt  when  there  is  no  

thermocouple  connected .  Each  symbol  wi l l  be  shown  i n  F igure  6  (refer to  F igure  9  for the  

example  of Tbase) .  

IEC  

 Large  SMD resi stor wi th  l arge  heat  generation  

Smal l  SMD resi stor wi th  smal l  heat generation  

Sem iconductor such  as  TEF,  I GBT ( l arge  heat generation )  

I C  (smal l  /  l arge  heat generation )  

Ceram ic capaci tor (no  heat generation )  

Heat d i ss ipation  

1  

2  
3  

 (B )  

(A)  
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(a)  True  terminal  temperature  (b)  Actual  measured  temperature  

Key 

1  Resistor 

2  Copper pattern  

3  Pri n ted  board  

4  Thermocouple  for measuri ng  the  term inal  part  temperatu re  

5  Thermocouple  for measuri ng  the  heat  d i ss ipation  space  temperatu re  

6  Thermocouple  for measuri ng  the  s tandard  temperatu re  

T
t
 F i l l et  temperature  (cen tre  part)  before  attach ing  the  thermocouple  =  true  term inal  temperatu re  

T
t
’  F i l l et  temperatu re  (cen tre  part)  after attach i ng  the  thermocoupl e  =  actua l  measured  term inal  part  

temperatu re  

T
base

 Temperatu re  of the  base  posi ti on  for measu ring  the  temperature  ri se  

T
tca

 Temperatu re  of the  space  where  the  thermocoupl e  rad i ates  and  not  a lways  equ i valent  to  T
base

 

R
th  tc

 Thermal  res i stance  when  the  thermocouple  i s  presumed  as  a  heats ink and  the  thermal  res i s tance  between  
the  ti p  of the  thermocoupl e  and  the  heat d i ss ipation  space  of the  thermocouple  (T

tca
 measurement  

pos i ti on )  

R
th  eq

 Thermal  res i stance  of the  pri n ted  board  vi ewed  from  the  term inal  part  and  the  equ i valen t  thermal  
res i stance  between  the  term inal  part  where  the  thermocoupl e  i s  connected  and  the  standard  temperature  

measured  space  (T
base

 measurement posi ti on )  

Figure 6  – The  true value and  the actual  measured   
value of the  terminal  part temperature  

The temperature  that  i s  actual l y measured  by the  thermocouple  is  Tt ’  and  the  Tt  cannot be  

measured .  Bu t the  d i fference  ∆T =  Tt  – Tt ’  (≥  0)  can  be  calcu lated  from  Formu la  (1 ) .  

 ( )( )tctheqthtca /' ⋅⋅−= RRTTT T∆  (1 )  

R th  eq  i s  the  thermal  resistance  from  the  term inal  part  of the  prin ted  ci rcu i t  board  to  the  

surround ing  space,  set as  a  standard ,  such  as  the  spatia l  temperature  i n  wh ich  the  board  is  
set.  An  example  va lue  i s  shown  i n  F igure  7 .  
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Dimensions in  millimetres 

 

Key  

 Pattern  th i ckness  35  µm  

   Pattern  th i ckness  70  µm  

T
base

 Temperatu re  standard  (ambien t  temperature  where  the  board  i s  set)  

R
th  eq

 Equ ivalent  thermal  res i stance  of the  pri n ted  board  to  the  temperatu re  standard  T
base

 

1  Thermal  res i stance  measuri ng  poin t  

W Pattern  wid th  

Figure 7  – Thermal  resistance  Rth  eq  of the  FR4  
s ing le  side  board  (th ickness  1 , 6  mm)  

When  calcu lating  R th  eq  on  the  actual  board  for measuring  the  temperature,  power P  sha l l  be  

appl ied  on l y to  the  target  res istor for measuring   Tbase  and  term inal  part  temperature  Tt ’   wi th  

the  thermocouple.  Formu la  (2)  sha l l  be  used .  

 ( ) PTTR /' baseeqth −=⋅ t  (2)  

Th is  i s  on l y an  approximate  estimate.  However,  there  wi l l  not  be  a  con trovers ia l  error un less  
the  thermal  res istance  between  the  term inals  of the  res istor i tsel f i s  extremely l arge.  Refer to  
Annex I  for detai ls .  

The  l eng th  of the  thermocouple  that causes  the  heat d iss ipation  i s  i nd icated  wi th  L .  Th is  i s  the  
d istance  from  the  measuring  poin t that causes  90  %  of the  heat d i ssipation  from  the  
thermocouple.  
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Key 

R
th  tc

 Thermal  res i stance  when  the  thermocouple  i s  regarded  as  a  heats ink  

L  Length  from  the  measurement  poin t  that  cause  the  heat d i ss ipation  of the  thermocouple  

D  Wi re  d i ameter of the  thermocouple  

Figure  8  – Length  that cause  the heat d issipation  and  the thermal   
resistance of the  type-K thermocouple  (calcu lated)  

The a i r speed  0  m /s  i n  F i gu re  8  means  that the  thermocouple  is  set  horizon tal l y i n  a  space  
wi th  no  forced  a i r and  the  heat  d iss ipation  is  on l y by natura l  convection .  

For the  same type  of thermocouples,  the  th i nner the  strand  of wi re  d iameter is ,  the  h igher the  

thermal  res istance  is  and  the  length  that causes  the  heat d iss ipation  L  gets  shorter.  

The  measuring  poin t  of Ttca  shal l  be  wi th in  rad ius  L  of the  target  fi l let.  Read  L  from  F igure  8 .  

The  heigh t from  the  measuring  poin t Ttca  of the  board  wi l l  be  the  same as  the  he igh t of the  

wi red  thermocouple  (H i n  F igure  9)  for measuring  Tt ’ .  

Ttca  d oes  not have  to  be  measured  one  by one  for the  measuring  poin ts  of Tt ’ .  Al l  the  

necessary Tt ’  shou ld  be  measured ,  bu t  on l y one  typica l  poin t of the  Ttca  that i s  expected  to  
have  the  lowest temperature  needs  to  be  measured .  

The  typica l  ca lcu lation  resu l t  of ∆T i s  shown  in  F igure  9.  The  p lace  where  the  board  is  set i s  

assumed  to  be  a  natural  convection  envi ronment.  For the  purpose  of checking  the  operati ng  

temperature  of the  res istor,  i t  i s  understandable  when  i t  i s  actual l y calcu lated  that ∆T i s  
neg l ig ib le  i n  most cases  when  a  type  K thermocouple  of 0 , 1  mm  in  d iameter i s  used .  
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Calcu l ation  example  

When  R
th  tc

 =  5  500  K/W,  R
th  eq

 =  300  K/W 

∆T =  (90  – 60)  (R
th  eq

 /  R
th  tc

)  =  1 , 64  K  

Key 

T
t
 F i l l et  temperature  (term inal  part  temperature)  after connecti ng  the  thermocouple  

T
tca

 Ambien t temperature  for the  heat  d i ss ipation  of the  thermocouple  

T
base

 Ambient  temperature  of the  board  

L  Length  from  the  measurement  poin t  that  cause  the  heat  d i ss ipation  of the  thermocouple  

H Heigh t  where  the  thermocouple  wi l l  be  wi red  

Figure  9  – Example of calcu lation  of the  measurement error ∆T  
caused  by the  heat  d issipation  of the  thermocouple  

However,  when  type  K thermocouples  wi th  wires  0 , 2  mm  in  d iameter or th icker are  used ,  or 

when  there  i s  a i rfl ow,  ∆T wou ld  become l arger.  I t  i s  necessary for the  resistor manufacturer 

and  e lectric/e lectron ic device  designers  to  take  on  the  responsibi l i ty and  perform  the  
corrections.  

4.4  Measuring  method  of the  thermal  resistance Rth  shs-t  from  the  terminal  part  to  the  
surface hotspot 

I n  th is  subclause,  the  measurement method  for Tshs  and  Ttn  wi l l  be  expla ined .  The  d i fference  

between  Tshs  (surface  hotspot temperature)  and  Ttn  ( term inal  part temperature)  d i vided  by P  

(appl ied  power)  i s  used  for calcu lating  the  proportional  constant R th  shs-t.  I f Tshs  and  Ttn  can  

be  measured ,  R th  shs-t  can  be  ca lcu lated  wi th  Formu la  (3) .  

 ( ) PTTR /tnshstshsth −=−⋅  (3)  

The  recommended  measuring  system  is  shown  i n  F igure  1 0 .  

The  copper b lock on  wh ich  the  res istor i s  mounted  wi l l  be  an  a l ternative  to  the  i deal i zed  
i n fi n i te  heatsink.  
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Tt ’  =  90  °C  
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Key 

1  Res istor 

2  Surface  hotspot  

3  Term inal  part  temperatu re  measuring  poi n t  

4  Solder fi l l et  

5  Copper b l ock l arger than  square  1 0  mm  on  a  s i de  rectangu lar cuboid ,  power wi l l  be  appl i ed  to  the  res i stor 
th rough  the  copper b l ock 

6  I nsu lator wi th  good  heat conducti on  

7  Downside  of the  copper b l ock fi xed  to  a  certain  temperatu re  

8  I n frared  thermograph  

9  I n frared  thermograph  l ens  axi s  

Figure  1 0  – Recommended  measurement system   

of Tshs  and  Tt  for calcu lating  Rth  shs-t  

Measure  the  surface  hotspot temperature  Tshs  and  term inal  part  temperature  Ttn  d i rectl y wi th  

an  i n frared  thermograph .  The  poin t at wh ich  to  measure  the  term inal  part temperature  Ttn  
shou ld  be  on  the  top  surface  of the  copper b lock and  close  to  the  fi l l et  of the  res istor (wi th in  
3  mm  from  the  fi l l et  exclud ing  the  fi l l et) .  The  poin ts  that shou ld  be  cons idered  during  
measuring  are  as  fol lows.  

1 )  The  space  resolu tion  and  the  peak detection  capabi l i ty of the  i n frared  thermograph  is  not 
the  same.  Select  the  lens  wi th  a  magn i fication  percen tage  that can  measure  the  hotspot 
peak temperature  correctl y.  

2)  I f the  space resolu tion  and  hotspot peak detection  capabi l i ty of the  i n frared  thermograph  
is  not  cl ari fi ed ,  the  data  shal l  clearl y state  wh ich  l ens  was  used  for magn i fying  whatever 
μm  per p ixel .  

3)  The  top  surface  of the  copper block on  wh ich  the  target res istor i s  mounted  and  the  
temperature  measured  by the  i n frared  thermograph  shou ld  be  coated  even l y wi th  black-
body sprays  to  make a  d i ffused  surface  wi th  constan t em issivi ty.  
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4)  Lenses  wi th  large  magn i fication  have  a  short  focus  i n  general .  Therefore,  even  a  smal l  
m isal i gnment of the  focus  cou ld  l ead  to  a  l arge  error i n  the  temperature  measurement.  
Especia l l y precise  ad j ustment of the  focus  wou ld  be  needed  when  measuring  the  hotspot  
of a  smal l  area.  

4.5  Conclusions  

There  are  3  poin ts  to  suggest i n  th is  Techn ical  Report,  as  mentioned  in  the  open ing  of th is  
cl ause:  

1 )  use  of the  derating  curve  based  on  the  term inal  temperature  instead  of the  ambient  
temperature  for the  des ign  of h igh  power appl ications  of the  SMD resistors  i n  excess  of 
the  conven tional  rated  d issipation  (e . g .  1 00  mW for RR1 608M);  

2)  measurement method  of the  term inal  part temperature  of the  SMD  res istor mounted  on  the  
prin ted  board ;  

3)  measurement method  of the  thermal  res istance  R th  shs-t  from  the  term inal  part  of the  

res istor to  the  surface  hotspot.  
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Annex A 
(informative)  

 
Background  of the  establ ishment of the  derating   

curve based  on  ambient temperature  

A.1  Tracing  the h istory of the mounting  and  heat d issipation  figuration  of 
resistors  

The derating  cu rve  that uses  the  ambient  temperature  as  the  horizon ta l  axis  was  establ ished  
as  a  s tandard  more  than  50  years  ago,  at an  era  when  vacuum  tubes  were  being  used .  As  
shown  in  F igure  A. 1 ,  the  res istors  i n  those  days  were  main l y made wi th  l ead  wi res,  and  l ug  
term inals  were  used  for mounting .  

 

Key 

1  Vacuum  tube  rad io  broadcasti ng  recei ver 

2  Vacuum  tube  

3  Chass is  

4  Rear s i de  fi gu re  of chassis  ( image)  

5  Vacuum  tube  socket  

6  Lug  term inal  (verti cal )  

7  Lug  term inal  (hori zon tal )  

Figure A. 1  – Wired  in  the  ai r using  the lug  terminal  
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As  shown  i n  F igure  A. 2 ,  a l l  the  heat generated  in  any kind  of res istors  wi l l  be  re leased  
through  the  fol lowing  three  phenomena.  

The  fi rst  phenomenon  is  heat conduction .  The  heat i s  conducted  th rough  the  connection  part 
such  as  the  l ead  wire  to  the  l ug  term inals  and  other parts  wi th  l ower temperatures.  

The  second  phenomenon  is  heat transfer by convection  to  the  ambient  atmosphere  of the  
res istor.  The  ambient a i r i s  expanded  wi th  the  heat provided  from  the  res istor and  becomes  
l ess  dense  resu l ting  i n  updraft.  The  ris i ng  a i r wi l l  s i phon  off the  new cool  a i r from  the  l ow 
surround ing  to  the  ambien t a i r of the  resistor.  By repeating  th is ,  an  ascend ing  current  wi l l  
cons isten tl y occur around  the  res istor and  the  heat wi l l  be  transferred  in to  the  atmosphere.  
Th is  i s  ca l led  heat  d iss ipation  by convection  flow.  

The  th i rd  phenomenon  is  rad iation  by i n frared .  

Heat  d iss ipation  by e i ther of the  phenomena (heat conduction ,  convection  and  rad iation)  
wou ld  be  l arger when  the  temperature  d i fference  between  the  resistor and  the  lead  wi re  and  
the  other parts  connected  i s  l arger.  For the  res istors  wi red  i n  the  a i r by the  l ug  term inal ,  the  
heat conduction  via  the  l ead  wi res  are  smal l  compared  wi th  the  heat  d iss ipation  by convection  
and  rad iation .  The  l ead  wi res  are  main l y made wi th  copper and  the  coefficient of thermal  
conductivi ty i s  h igh  bu t the  shape  is  narrow and  l ong ,  so  the  thermal  res istance  wi l l  not  be  so  
l ow.  I n  abbreviated  calcu lation ,  the  thermal  res istance  of the  l ead  wire  0, 8  mm  in  d iameter 
and  38  mm  in  length  wi l l  be  1 90  K/W,  wh ich  is  q u i te  a  l arge  value.  On  the  other hand ,  the  heat  
d issipation  is  proportionate  to  the  surface  area  of the  res istor,  so  the  heat d iss ipation  
performance from  the  su rface  of the  cyl i ndrica l  resistor to  the  atmosphere  wi l l  be  favourable  
and  the  calcu lated  thermal  res istance  is  surpris i ng l y l ow.  

 

Key 

1  Resistor 

2  Lead  wi re  of res i stor 

6  Lug  term inal  (verti cal )  

4  Heat d i ss i pation  by rad iati on  

5  Heat d i ss i pation  by convecti on  

6  Heat d i ss i pation  by conduction  

Figure A.2  – Heat  path  when  wired  in  the  air using  the  lug  terminal  

The  numerical  s imu lation  was  implemented  for the  heat d iss ipation  ratio  of each  heat  type  
(conduction ,  convection  and  rad iation)  i n  the  res istor model .  The  s imu lation  model  i s  a  
cyl i ndrical  res istor of 24, 5  mm  in  body l eng th ,  9  mm  in  body d iameter,  0 , 8  mm  in  lead  wi re  
d iameter and  38  mm  in  l ead  wi re  l eng th .  Th is  sample  was  wi red  i n  the  ai r u nder 25  °C  wi th  a  
no-ai rflow cond i tion  and  1  W  wi l l  be  appl i ed .  As  a  resu l t,  the  heat  d iss ipation  ratio  was  51  %  
from  convection ,  32  %  from  rad iation  and  the  remain ing  1 7  %  was  from  the  conduction  via  the  
38  mm  lead  wi re.  S ince  a  large  portion  of the  heat d iss ipation  is  implemented  from  the  
convection  and  rad iation  through  the  atmosphere,  i t  i s  natural  to  set  the  ambient  temperature  
as  the  standard  of the  operating  res istor.  
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However,  the  res istor manufacturer i s  expected  to  implement l oad  l i fe  tests  to  veri fy the  
characteristics  of the  res istor,  especia l l y the  stabi l i ty under operational  cond i ti on .  The  method  
i s  to  set the  l ead  wi re  resistor horizon tal l y as  i f i t  were  fl oating  i n  the  a i r and  apply the  rated  
power i n  a  test  chamber wi th  the  temperature  set at  the  predeterm ined  value.  The  heat  
d issipation  ratio  i s  the  same as  the  cond i tion  of the  actual  use  by e lectri c/electron ic  device  
des igners .  

Therefore,  i n troducing  the  ambient temperature  around  the  res istor as  the  temperature  i ndex 
to  correspond  to  the  test cond i ti ons  by the  res istor manufacturer and  the  actual  use  cond i tions  
of e lectric/e lectron ic  device  des igners  was  reasonable  for the  moun ting  cond i ti ons  of the  
res istors  i n  those  days.  S ince  then ,  the  mounting  methods  changed  to  l ead  wi re  resistors  on  
prin ted  ci rcu i t boards  and  then  SMD res istors.  At the  same time,  m in iaturi zation  of the  res istor 
i tse l f has  advanced  as  wel l .  Associated  wi th  a  change  in  the  mounting  methods  and  
m in iaturi zation ,  the  heat  d issipation  ratio  of the  heat generated  i n  the  res istor has  changed .  
The  ratio  of the  convection  and  rad iation  has  decreased  gradual l y and  the  conduction  to  the  
prin ted  ci rcu i t board  has  i ncreased .  Th is  change  summarised  in  Annex J .  

A.2  How to establ ish  the h igh  temperature slope part of the derating  curve  

A.2. 1  General  

I t  i s  necessary to  have  a  good  knowledge of the  theoretical  base  of how the  derati ng  curves  of 
res istors  are  establ ished  to  understand  the  content of th is  techn ical  report.  Furthermore,  th is  
theoretical  base  is  often  m isconceived  wi th  the  analogy of the  derating  curve  for 
sem iconductors .  

The  derati ng  curve  for resistors  i s  establ ished  to  not exceed  the  temperature  and  heat stress  
that  i s  tested  by the  res istor manufacturer.  I t  i s  veri fi ed  that  the  resistor can  keep  i ts  function  
when  the  l oad  is  reduced  as  the  ambient temperature  rises  accord ing  to  the  derati ng  curve  
provided  by the  res istor manufacturer,  even  when  the  thermal l y sens i ti ve  part  of the  resistor i s  
unknown.  
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I n  princip le,  the  derati ng  curve  is  establ ished  by connecting  the  two  test  cond i tions  wi th  a  l i ne,  
the  l oad  l i fe  test (rated  l oad  appl ied  at ambient temperature)  and  the  h igh-temperature  
exposure  test (UCT wi thou t l oad  as  shown  i n  F igure  A. 3)  or the  test  cond i ti on  of the  UCT wi th  
the  category power l oaded  as  shown  i n  F igure  A.4 .  

Except for specia l  cases,  the  res istor manufacturers  do  not  test  the  m idd le  cond i tions  l i ke  
Poin t C  i n  F igure  A. 4.  The  reason  why wi l l  be  shown  in  A. 2. 3.  
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Figure A.4  – Test  cond i tion  for resistors  wi th  category power other than  0  W 

However,  i t  cou ld  be  pred icted  that  the  l i ne  formed  by 1 00  %  rated  power i s  the  e lectrica l  l im i t  
bu t,  i t  i s  poss ib le  to  double  the  rated  power by chang ing  the  test cond i ti ons  even  when  using  
the  same res istor as  seen  i n  F igure  A.5.  Therefore,  i t  cannot be  said  that the  present l i ne  
shown  is  pure l y the  e lectrica l  l im i t.  When  the  appl ied  power is  at  i ts  maximum ,  the  
temperature  d i fference i nside  the  res istor wi l l  a lso  become maximum .  The  heat stress  caused  
by the  temperature  gap  wi th in  the  res istor becomes maximum .  Therefore,  i t  cou ld  be  said  that 
th is  l i ne  veri fi ed  by the  resistor manufacturer cou ld  be  used  under a  certa in  cond i tion .  Veri fied  
under a  certa in  cond i tion  means  that,  when  the  resistor i s  used  under the  cond i ti on  described  
i n  the  speci fication ,  the  characteristics,  such  as  the  res istance  value  change,  are  kept  wi th in  
the  tolerance  va lues.  

Add i tional l y,  the  UCT is  a lso  not the  genu ine  temperature  l im i t  of the  materia l  that makes  up  
the  resistor.  The  UCT is  a  test cond i ti on  for rank class i fication  of res istors.  Therefore,  there  
are  res istors  that have  no  effect on  the ir characteristics  even  when  i t  gets  hotter than  the  
category upper temperature.  I f the  test  cond i ti on  i s  reviewed  and  the  res istor wi th  a  maximum  
operating  temperature  of 1 25  °C  i s  tested  i n  a  h i gh  temperature  exposure  test of 1 55  °C,  and  
the  characteristic i s  veri fi ed ,  i t  wou ld  be  possible  to  change the  maximum  operati ng  
temperature  to  1 55  °C.  However,  the  characteristics  of the  construction  materia l  of each  
res istor part  sha l l  a t l east be  res istant to  the  UCT.  
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I t  i s  important  to  know that the  derati ng  curve  of the  resistor i s  basical l y determ ined  accord ing  
to  the  test resu l ts.  
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Figure A.5  – Example of reviewing  the  derating  curve  

A.2.2  Derating  curve  for the  semiconductors  

Given  thei r s im i lar appearance,  they are  often  m isunderstood ,  bu t  i t  i s  important  to  know that 
the  derati ng  curve  for res istors  and  sem iconductors  are  completel y d i fferent.  The  
sem iconductor i n  the  example  i s  a  transistor that i s  used  by fi tti ng  on  a  heat s i nk.  The  rated  
power Pr  of the  trans istor i s  a  power that  the  temperature  of the  trans istor sens i ti ve  poin t  wi l l  
reach  the  certain  l im i ted  value  when  fixed  to  the  heat  s ink set  at  25  °C.  The  temperature  of 
the  sensi ti ve  poin t  of the  transistor shal l  not  exceed  the  certa in  l im i ted  value  under any 
ci rcumstances.  

The  j unction  temperature  of the  b ipolar transistor and  the  channel  for the  fi e ld -effect trans istor 
wou ld  be  the  sens i ti ve  poin t that  determ ines  the  operating  temperature  l im i t.  The  transistor 
cannot be  used  when  the  sens i ti ve  poin t  temperature  exceeds  the  defined  temperature  such  
as  1 50  °C  (general l y 1 50  °C  bu t some are  1 75  °C).  The  sens i ti ve  poin t of temperature  rise  
and  the  l im i ted  temperature  are  clearl y determ ined  for the  sem iconductors.  

The  re lationsh ip  between  the  case  temperature  Tc ,  wh ich  the  j unction  temperature  Tj  d oes  not  
exceed ,  the  l im i t  temperature  Tj -max,  and  the  a l l owable  power P  that can  be  appl ied  to  the  
transistor under that case  temperature  wi l l  be  considered ,  us ing  the  b ipolar transistor as  an  
example  i n  F igure  A. 6.  
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The  temperature  rise  ΔTj -c  of the  case  to  the  j unction  i s  assumed  to  be  proportionate  to  the  

power P  consumed  by the  transistor.  Th is  proportional  constan t shal l  be  R th  j -c.  Th is  R th  j -c  i s  

the  thermal  res istance  between  the  j unction  and  the  case.  
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Figure A.6  – Tj ,  Tc  and  Rth  j -c  of transistors  

When  power P  i s  appl ied  to  the  transistor at case  temperature  Tc,  the  j unction  temperature  Tj  

wou ld  be  calcu lated  as  shown  i n  Formu la  (A. 1 ).  

 PRTT cjthcj −⋅+=   (A. 1 )  

Th is  Tj  shal l  a lways  be  l ower than  Tj -max.  Therefore,  the  appl ied  power P  shou ld  be  l im i ted  i n  
that  manner.  And  the  appl ied  power P  wou ld  be  shown  as  P  (Tc)  as  the  function  of Tc,  as  

shown  i n  Formu la  (A. 2).  

 ( )ccjthcmaxj TPRTT −⋅− +≥   (A. 2)  

Transform  Formu la  (A. 2)  to  the  fol lowing  Formu la  (A. 3) .  

 ( ) ( ) cjthcmaxjc / −⋅− −≤ RTTTP   (A. 3)  

When  Tc =  25  °C,  P(Tc)  i s  a l lowed  up  to  the  rated  power Pr,  i t  can  be  ca lcu lated  i n  Formu la  

(A. 4) .  Then  Formu la  (A. 5)  i s  transformed  from  Formu la  (A. 4).  

 ( ) cjthmaxjr /25 −⋅− −= RTP   (A. 4)  

 ( ) rmaxjcjth /25 PTR −=⇒ −−⋅   (A. 5)  

From  Formu la  (A. 3)  and  Formu la  (A. 5),  Formu la  (A. 6)  i s  obtained .  
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 ( ) ( ) ( )25/ maxjcmaxjrc −−≤ −− TTTPTP   (A. 6)  

However,  i n  the  range  of Tc <  25  °C,  P(Tc)  >  Pr  cou ld  be  poss ib le  i n  Formu la  (A. 6) ,  bu t  i n  the  
document the  appl ied  power cannot exceed  Pr.  

The  l im i ted  power that the  trans istor can  have  appl ied  wou ld  be  as  shown  in  Formu la  (A. 7)  
when  the  above  cond i tions  are  cons idered .  

( ) ( ) ( )25/ maxjcmaxjrc −−= −− TTTPTP  25  °C  ≤  Tc  ≤  Tj -max  

rc )( PTP =  Lower l im i t of the  trans istor operating  temperature  ≤  Tc  <  25  °C  

The  operating  range  of the  trans istor i nd icated  from  th is  formu la  wou ld  be  shown  as   
F i gu re  A. 7.  Th is  fi gure  is  often  seen  i n  the  heat design  textbooks  for trans istors.  The  
trans istor sha l l  a lways  be  used  under the  cond i ti on  that does  not exceed  the  derating  cu rve.  
Th is  curve  l ooks  very a l ike  to  the  derating  curves  for res istors .  
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Figure  A.7  – Derating  curves  for transistors  

The  trajectory of Tj  when  P(Tc)  i s  derated  accord ing  to  the  derating  curve,  a l ong  wi th  the  rise  
of Tc  i n  the  range  of 25  °C  ≤  Tc ≤  Tj ,  i s  shown  i n  F igure  A. 8.  
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Figure A.8  – Trajectory of Tj  when  P  i s  reduced  according  to  the  derating  curve  

Rth  j -c  P(Tc)  i s  the  temperature  rise  from  the  Tc  to  the  Tj  by the  derated  power P(Tc)  accord ing  
to  the  i ncreased  Tc  and  the  sum  wi th  the  Tc  wou ld  a lways  show Tj -max.  

When  the  l oad  power to  the  sem iconductor i s  reduced  accord ing  to  the  derating  curve  as  the  
temperature  rises,  the  thermal l y sensi ti ve  poin t ( j unction  temperature  Tj  for b ipolar trans istors)  
wou ld  a lways  be  the  certain  l im i ted  temperature  Tj -max,  bu t  th is  i s  because  the  derati ng  curve  

i s  made  to  be  so.  

A.2.3  Derating  curve  for resistors  

As  described  in  th is  subclause,  the  derati ng  curves  for res istors  are  based  on  a  d i fferen t poin t 
of view.  But,  the  derati ng  curves  for res istors  and  sem iconductors  are  s im i l ar in  shape,  so  
they are  often  m isin terpreted .  The  l argest d i fference  is  that the  temperature  of the  thermal l y 
sens i ti ve  poin t of the  res istor wi l l  change  when  the  power i s  reduced  accord ing  to  the  derating  
curve.  I n  contrast,  the  temperature  of the  thermal l y sens i ti ve  poin t of the  sem iconductor wou ld  
be  a  constant temperatu re  as  shown  i n  F igure  A. 8.  However,  the  range  of the  change of the  
thermal l y sens i ti ve  poin t  temperature  includ ing  the  heat  stress  caused  by the  temperatu re  
d i fference  between  the  res istor parts  wou ld  be  kept  below the  l im i ted  temperature  wh ich  is  
tested  and  veri fi ed  by the  res istor manufacturer.  

As  for the  l ead  wi re  res istors,  the  heat d iss ipation  through  the  l ead  wi re  by the  heat 
conduction  i s  smal l  compared  to  the  convection  and  rad iation .  Therefore,  under the  natura l  
convection  envi ronment,  the  temperature  rise  against the  ambient temperature  Ta  of each  part  

of the  res istor i s  approximatel y the  appl i ed  power and  the  speci fic proportional  constant  of the  
res istor wherever the  l ead  wi re  ti p  i s  connected .  

I n  th is  example,  the  hotspot temperature  Ths  wi l l  be  used  as  the  representati ve  temperature  of 
each  part.  The  hotspot i s  the  hottest part  of the  res istor as  mentioned  i n  the  terms  and  
defin i tions  i n  Clause  3  and  i s  general l y l ocated  i n  the  centre  of the  res isti ve  e lement.  The  
behaviour of the  temperature  of the  hotspot  temperature  Ths  when  the  l oad  is  reduced ,  a long  
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wi th  the  rise  of the  ambien t temperature  accord ing  to  the  derati ng  curve  based  on  F igure  A. 3,  
wi l l  be  considered  using  the  temperature  rise  ΔThs-a  from  the  hotspot ambient  temperature  Ta .  

The  hotspot i s  on l y a  representati ve  example,  so  be  aware  that the  hotspot  temperature  Ths  
changes  i n  a  defi n i te  proportion  against the  temperature  rise  ΔThs-a  from  the  hotspot ambient 
temperature  Ta  no  matter wh ich  part of the  res istor i t  i s .  

The  rate  of the  temperature  rise  by sel f-heating  from  the  appl ied  power d i ffers  by each  
res istor,  so  two  cases  are  to  be  cons idered .  One  i s  a  smal l  temperature  ri se,  and  the  other is  
a  large  temperature  rise  from  the  appl ied  power.  I n  the  g raph  i n  F igure  A. 9,  the  horizon tal  
axis  shows  the  temperature  rise  ΔThs-a  from  the  ambient  temperature  Ta ,  the  vertical  axis  
shows  the  percentage  of the  appl i ed  power Prp  to  the  rated  power.  F igure  A.9  shows  the  
example  of a  smal l  temperature  rise ,  and  F igure  A. 1 0  shows  the  example  of a  l arge  
temperature  rise  compared  to  the  appl i ed  power ratio.  General l y,  i f the  appl i ed  power i s  the  
same,  the  temperature  ri se  wi l l  be  smal l  when  the  consti tu tion  is  l arge ,  and  the  temperature  
rise  wi l l  be  l arge  when  the  consti tu tion  is  smal l .  

When  the  rated  power i s  i nd icated  wi th  Pr  (W),  the  thermal  res istance  R th  S  of the  ambient  
temperature  Ta  to  the  hotspot for the  resistors  wi th  a  smal l  temperature  rise  wou ld  be  as  

shown  i n  Formula  (A. 8).  

 rsth /50 PR =⋅  (K/W)  (A. 8)  

And  the  thermal  resistance  Rth  S  of the  ambient temperature  Ta  to  the  hotspot for the  res istors  

wi th  a  l arge  temperature  rise  wou ld  be  shown  in  Formu la  (A.9) .  

 rLth /1 50 PR =⋅  (K/W)  (A. 9)  

When  the  leaded  res istors  are  wired  in  the  a i r,  most of the  generated  J ou le  heat Ta  wou ld  be  

d issipated  in to  the  atmosphere,  so  the  thermal  res istance  calcu lated  from  Formu la  (A.8)  and  
Formu la  (A. 9)  wou ld  serve  to  show the  characteristics  of the  resistor.  
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Figure  A. 1 0  – Leaded  resistors  wi th  l arge  temperature rise  

First  the  trajectory of the  hotspot temperature  Ths  obtained  from  the  F igure  A. 3  and  F igu re  A.9  
wi l l  be  stud ied .  The  traj ectory of Ths  can  be  calcu lated  by s impl y add ing  the  se l f-generated  
heat ( temperature  rise  from  the  ambient temperature  Ta  to  the  hotspot ΔThs-a)  shown   
i n  F igure  A. 9  to  the  derati ng  curve  shown  i n  F igure  A. 3.  The  resu l t  wou ld  be  as  shown  i n  
F igure  A. 1 1 .  
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Figure A. 1 1  – Trajectory of Ths  for the  lead  wire  resistors  wi th  smal l  temperature  ri se  
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I n  F igure  A. 1 1 ,  the  hotspot wou ld  reach  the  maximum  temperature  in  the  h igh-temperature  
exposure  test,  bu t the  heat stress  caused  by the  temperature  d i fference i nside  the  res istor wi l l  
be  the  l argest at  the  l oad  l i fe  test.  Th is  i s  when  the  temperature  d i fference  between  the  
ambien t and  the  hotspot temperatures  becomes maximal  and  when  the  rated  power appl ied  at  
Ta  i s  equal  to  the  rated  ambient  temperature.  

Th is  means,  for example,  that  the  temperature  grad ient becomes  l arge  at  the  poin t  where  the  
generated  heat dens i ty i s  h igh ,  such  as  at the  tip  of the  trimm ing  l i ne  when  the  current i s  
appl ied ,  and  the  heat stress  wi l l  become local l y l arge.  The  l ocal  heat  stress  can  be  the  cause  
of degradation  for some of the  res isti ve  e lements.  

The  heat  stress  caused  by the  temperature  rise  of the  en ti re  res istor wou ld  be  l argest  at  the  
h igh-temperature  exposure  test  when  the  en ti re  res istor becomes  un i form ly the  maximum  
temperature.  On  the  derati ng  curve,  or wi th in  the  en ti re  area  of the  bottom  left-hand  s ide  of 
the  derati ng  curve,  un less  under specia l  cond i ti ons,  the  hotspot temperature  and  the  heat 
stress  wi l l  not exceed  the  above-mentioned  maximum  va lue.  I f the  e lectri c/electron ic device  
designers  used  the  resistors  by reducing  the  power as  the  rise  of the  ambien t temperature  Ta  
accord ing  to  the  derati ng  curve,  the  res istor wi l l  not  be  used  under the  cond i ti ons  that exceed  
the  maximum  stresses  (h igh  temperature  and  heat s tress)  veri fi ed  i n  the  l oad  l i fe  test and  
h igh-temperature  exposure  test implemented  by the  res istor manufacturer.  

Next,  for the  res istor wi th  a  l arge  temperature  rise  shown  i n  F igure  A. 1 0 ,  the  power l oad  ratio  
reduced  as  the  temperature  rises  accord ing  to  the  derating  curve  made from  the  test  i n   
F i gu re  A.3  wi l l  be  cons idered .  The  hotspot temperature  Ths  makes  a  traj ectory as  shown  i n  

F igu re  A. 1 2 .  
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Figure A. 1 2  – Trajectory of Ths  for the  lead  wire  resistors  wi th  large  temperature ri se  

I n  th is  case,  the  hotspot  temperature  and  the  heat stress  caused  by the  temperature  
d i fference  i ns ide  the  resistor becomes  the  l argest  during  the  l oad  l i fe  test,  wh ich  i s  when  the  
rated  power Pr  i s  appl ied  at the  rated  ambient temperature  Tra .  I t  i s  not clear wh ich  cond i ti on ,  
the  l oad  l i fe  test  or the  h i gh-temperature  exposure  test,  wi l l  make the  heat s tress  caused  by 
the  temperature  rise  of the  enti re  res istive  e lemen t the  l argest.  However,  on  the  derati ng  
curve  or wi th in  the  en ti re  area  of the  bottom  left-hand  s ide  of the  derati ng  curve,  the  hotspot 
temperature  and  the  heat s tress  wi l l  not exceed  the  above-mentioned  maximum  va lue.  
Therefore,  i f the  e lectric/e lectron ic device  des igners  used  the  res istors  by reducing  the  power 
accord ing  to  the  derati ng  curve,  the  res istor wi l l  not  exceed  the  maximum  stress  (h igh  
temperature  and  heat s tress)  veri fi ed  i n  the  load  l i fe  test and  the  h i gh-temperature  exposure  
test implemented  by the  res istor manufacturer.  

There  may be  strange  feel ings  that there  is  a  case  that shows  Ths  >  UCT bu t,  th is  case  exists .  

Al l  the  res istors  that do  not  have  the  category power of zero  have  the  operating  range  of 
Ths  >  UCT.  I t  cou ld  be  easi l y expla ined  by overwri ti ng  the  temperature  rise  ΔThs-a  ( from  the  
ambien t  temperature  to  the  hotspot  temperature  Tsh )  appl icable  to  each  power appl ied  to  the  
res istor on  the  derati ng  curve  as  shown  i n  F igure  A. 1 3 .  ΔThs-a  i s  proportionate  to  the  power 

appl ied  to  the  res istor,  so  i t  i s  tri vial  wi thout any speci fic data.  
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Figure A. 1 3  – Trajectory of Ths  for resistors  wi th  category power other than  0  W 

The UCT is  j ust  a  segment to  categorize  the  test cond i ti ons  so  they are  not defined  accord ing  
to  the  upper temperature  l im i t  of the  materia l s  that consti tu te  the  resistor.  Th is  i s  why 
Ths  >  UCT is  acceptable.  

A res istor a lways  has  a  thermal l y sensi ti ve  po in t  that wi l l  l ose  function  when  the  temperature  
becomes h igh .  Therefore,  i f the  thermal l y sens i ti ve  poin t temperature  Tsp  i s  set,  the  

temperature  j ust  before  the  function  of the  res istor i s  l ost wou ld  be  the  maximum  a l lowable  
temperature  (MAT).  The  cond i ti on  for the  res istor to  function  normal l y wou l d  be  a lways  MAT ≥  
Tsp .  To  pass  the  h igh -temperature  exposure  test,  MAT ≥  UCT shal l  be  true.  Add i ti onal l y,  the  
h ighest temperature  i n  the  res istor i s  Ths ,  so  Ths  ≥  Tsp  i s  tri via l .  

By i n troducing  th is  i dea  of the  thermal l y sens i ti ve  poin t  temperature  Tsp  and  the  maximum  

a l l owable  temperature  (MAT)  and  showing  i t  visual l y,  i t  wou ld  be  easy to  expla in  the  reason  of 
the  derating  curve  for resistors  and  the  reason  why Ths  >  UCT is  acceptable  i n  some cases.  
F igu re  A. 1 4  shows  Figure  A. 1 2  added  wi th  the  Tsp  and  the  MAT.  

The  MAT is  the  phys ical  temperature  upper l im i t  of the  thermal l y sens i ti ve  poin t  and  as  shown  

i n  F igure  A. 1 4,  Tsp  cannot  exceed  the  MAT at any time.  I f there  is  an  area  that i s  Tsp  >  MAT,  

then  i t  wi l l  not  be  ab le  to  pass  the  l oad  l i fe  test.  On  the  other hand ,  MAT >  UCT wou ld  be  
obvious.  

The  important th ing  is  that i f the  res istor passes  the  load  l i fe  test,  i t  i nevi tabl y accompl ishes  
th is  re lationsh ip  even  when  the  thermal l y sens i ti ve  poin t  against heat cannot be  found  and  the  
temperature  l im i t  MAT is  unknown.  
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However,  i n  F i gure  A. 1 4 ,  th is  example  shows  a  res istor that has  a  hotspot that i s  not the  
thermal l y sens i ti ve  poin t,  bu t  for most of the  res istors,  the  hotspot i s  a lso  the  thermal l y 

sens i ti ve  poin t.  I n  th is  case,  Ths  ≤  MAT wi l l  be  the  cond i ti on  i n  wh ich  th is  res istor can  be  

safel y used .  
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Figure A. 1 4  – Tsp  and  MAT for l ead  wire  resistors  wi th  l arge  temperature  rise  

As  shown  in  F igure  A. 1 5,  the  res istors  wi th  a  smal l  temperature  rise  as  shown  i n  F igure  A.9  
wi l l  a l so  come in to  effect.  

I n  th is  case,  i f the  res istor passes  the  h igh-temperature  exposure  test,  i t  i nevi tabl y 
accompl ishes  th is  re lationsh ip  even  when  the  thermal l y sens i ti ve  poin t cannot be  found  and  
the  MAT is  unknown .  

From  the  above  explanation ,  for resistors  wi th  l arge  or smal l  temperature  rises,  the  derati ng  
curves  can  be  establ ished  by implementing  the  tests  shown  i n  F igure  A. 3  or F igure  A.4  i f the  
l oad  l i fe  test  and  the  h igh-temperature  exposure  test are  implemented  and  the  determ ined  
i ndex,  such  as  the  res istance  value  change  rates,  i s  both  wi th in  the  standard  values.  

I f the  power i s  reduced  a long  wi th  the  rise  of the  ambien t temperature  accord ing  to  the  
derati ng  curves  provided  by the  res istor manufacturer,  the  res istor wi l l  not be  used  i n  the  
e lectric/electron ic devices  under the  thermal  and  heat-stress  cond i tions  that are  more  severe  
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than  the  tests  implemented  by the  res istor manufacturer.  Th is  i s  the  theoretical  rationale  that 
the  method  of establ ish ing  and  us ing  the  presen t derating  curve  is  correct.  
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Figure A. 1 5  – Tsp  and  MAT for l ead  wi re  resistors  wi th  smal l  temperature  ri se  

However,  many of the  hotspots  of the  res istors  are  the  thermal l y sens i ti ve  poin ts .  For these  
kinds  of res istors ,  F i gure  A. 1 4  and  F igure  A. 1 5  can  be  s impl i fied  as  i n  F i gure  A. 1 6 .  

From  th is  poin t,  the  word  "hotspot"  wi l l  be  used  i n  p l ace  of " thermal l y sens i ti ve  poin ts".  
Therefore,  for the  res istors  that have  thermal l y sens i ti ve  poin ts  other than  hotspots,  take  
"hotspot"  to  mean  "thermal l y sens i ti ve  poin t" .  
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a)  Case  A:  Resi stor wi th  l arge  temperature  ri se  

 

b)  Case B:  Resistor wi th  smal l  temperatu re  ri se  

Key 

P
rp
 F raction  of appl i ed  power to  the  rated  power 

T Temperatu re  

T
ra
 Rated  ambient  temperatu re  

T
hs
 Hotspot temperatu re  

T
sp
 Thermal l y sens i ti ve  poin t  temperature  

UCT Upper category temperature  

MAT Maximum  al l owable  temperatu re  

Poin t  A Load  l i fe  test  po in t  

C  Derati ng  cu rve  made  by the  method  i n  F i gure  A. 3  (based  on  ambient  temperature)  

D  Temperatu re  ri se  from  the  ambient  temperature  to  the  hotspot  

E  Poin t  where  T
hs
 =  T

sp
 becomes  maximum  temperatu re  

Figure A. 1 6  – Resistors  for which  the  hotspot i s  the  thermal ly sensi tive  point  

A res istor that i s  l i ke  the  one  shown  in  F igure  A. 1 7  can  exist on  rare  occasions.  Th is  res istor 
has  a  hotspot temperature  Ths  d uring  the  load  l i fe  test that corresponds  wi th  the  UCT.  I n  th is  
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case,  when  the  power i s  reduced  as  the  ambien t temperature  Ta  ri ses  i n  accordance wi th  the  
derati ng  cu rve,  the  trajectory of Ths  wou ld  a lways  be  a  constan t  va lue  of UCT.  When  the  
hotspot  of th is  resistor i s  the  thermal l y sens i ti ve  poin t  and  add i ti onal l y UCT =  MAT,  th is  
derati ng  curve  wi l l  have  a  very s im i lar mean ing  as  that  of the  derati ng  curves  for the  
sem iconductors .  

 

Key 

P
rp
 F raction  of appl i ed  power to  the  rated  power 

T Temperatu re  

T
ra
 Rated  ambient  temperatu re  

T
hs
 Hotspot temperatu re  

T
sp
 Thermal l y sens i ti ve  poin t  temperature  

UCT Upper category temperature  

MAT Maximum  al l owable  temperatu re  

Poin t  A Load  l i fe  test  po in t  

C  Derati ng  cu rve  made  by the  method  i n  F i gure  A. 3  (based  on  ambient  temperature)  

D  Temperatu re  ri se  from  the  ambient  temperature  to  the  hotspot  

Figure A. 1 7  – Resistor that have derating  curve  s imi lar to  the  semiconductor 

The common  m istake  that  e l ectric/electron ic device  designers  make i s  to  th i nk that a l l  the  
res istors  have  the  characteristics  as  shown  i n  F igure  A. 1 7  by analogy wi th  the  derating  curves  
for sem iconductors.  I f a l l  res istors  have  these  ki nds  of characteristics,  the  mean ing  of the  
derati ng  curve  wi l l  be  very s imple  and ,  i n  a  way,  i deal .  But,  the  core  e lements  of materia ls  and  
structures  that  make up  the  res istors  are  not as  un i form  as  those  of the  sem iconductors.  The  
materia l  and  structure  varies .  As  for the  res istors ,  i t  i s  d i fficu l t  to  i d en ti fy the  thermal l y 
sens i ti ve  poin t and  the  MAT i n  most cases.  Therefore,  i t  i s  very d i fficu l t  to  i n tentional l y create  
a  resistor that has  a  derating  curve  as  shown  i n  F igure  A. 1 7  and ,  moreover,  even  i f i t  i s  
developed ,  there  is  no  advantage  over the  current derati ng  curves.  

I f there  was  a  resistor that has  a  derati ng  curve  as  shown  in  F igure  A. 1 7  and  a  hotspot 
(thermal l y sens i ti ve  poin t)  that can  be  observed  easi l y,  the  derating  curve  for th is  res istor 
wou ld  be  unnecessary.  The  cond i tions  for use  that wou ld  be  provided  to  e lectric/electron ic 
device  des igners  wou ld  be:   
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1 )  the  appl ied  power shal l  be  l ess  or equal  to  the  rated  power Pr,  and  

2)  hotspot temperature  Ths  sha l l  be  l ess  or equal  to  the  UCT;  th is  s impl i fication  wi l l  be  the  
advantage.  
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Annex B  
(informative)  

 
The temperature  rise  of SMD resistors  and   
the  influence of the  printed  ci rcui t board  

B.1  Temperature rise of SMD resistors  

SMD resistors  are  a lways  d i rectl y mounted  on  the  pri n ted  ci rcu i t  board  for use.  I n  th i s  case,  i t  
wi l l  be  expla ined  that the  hotspot temperature  of the  res istor ( the  thermal l y sens i ti ve  poin t  
temperature  Tsp  expla ined  in  Annex A i s  more  importan t,  bu t  to  prevent th is  from  being  
compl icated ,  i t  wi l l  be  represented  by the  hotspot temperature  Ths)  i s  not unambiguous  even  

when  the  ambient temperature  Ta  and  the  appl i ed  power i s  defi ned .  F igure  B. 1  i s  a  d iagram  of 

the  temperatu re  d istribution  of a  res istor i nclud ing  the  board  when  the  appl i ed  power to  the  
SMD res istor mounted  on  the  board  i s  escalated  from  0, 2  Pr  to  Pr  by 20  %  for the  rated  power 
Pr.  The  graph  on  the  ri gh t-hand  s ide  of F igure  B. 1  i s  a  g raph  wi th  the  rated  power ratio  Prp  (%)  
p lotted  on  the  horizon tal  axis  and  temperature  rise  ΔThs-a  p l otted  on  the  vertical  axis.  The  left  

and  righ t graphs  of F igure  B . 1  are  ad justed  to  the  heigh t  of the  starting  poin t  and  end  poin t  of 
the  temperature  rise  vector ΔTt-a  (dashed  arrow)  and  ΔThs-t  (sol i d  arrow).  
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A When  0 , 2  times  the  rated  power i s  appl i ed  to  ΔT
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B  When  0 , 4  t imes  the  rated  power i s  appl i ed  to  ΔT
hs-a

 

C  When  0 , 6  t imes  the  rated  power i s  appl i ed  to  ΔT
hs-a

 

D  When  0 , 8  t imes  the  rated  power i s  appl i ed  to  ΔT
hs-a

 

E  When  1 , 0  t ime  the  rated  power i s  appl i ed  to  ΔT
h s-a

 

Figure B. 1  – Temperature  d istribution  of the  SMD resistors  mounted  on  the  board  

The temperature  rise  from  the  term inal  to  the  hotspot ∆Ths-t  i s  the  i nherent  value  of the  
res istor,  wh ich  is  determ ined  unambiguousl y by the  thermal  res istance  (described  i n  Annex F)  
of the  resistor and  the  appl i ed  power.  However,  beware  that the  temperature  rise  from  the  

ambien t temperature  to  the  term inal  ∆Tt-a  can  d i ffer largel y from  the  board  materia l ,  pattern ,  

s i ze  and  a i r fl ow.  
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The  vertical  axis  and  horizonta l  axis  of the  righ t-hand  graph  of F igure  B . 1  i s  swi tched  as  
shown  i n  F igure  B. 2  to  add  on  the  derating  curve.  
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Figure B.2  – Temperature  ri se  of the  SMD resistors  from  the  ambient temperature  

SMD resistors  are  d i fferent from  the  l ead  wi re  res istors ,  so  not a l l  of the  heat generated  at  the  
res isti ve  element i s  d i rectl y rad iated  i n to  the  atmosphere  from  the  su rface  of the  res istor.  
Most of the  heat  generated  at  the  res istor (over 90  %  of the  heat  for the  resistors  RR6332M  or 
smal ler,  the  smal ler i t  gets  the  rate  approaches  1 00  %)  fi rst goes  through  the  term inal  part  
i n to  the  board  pattern  and  ra ises  the  board  temperature  around  the  res istor.  And  then  the  
l arger area  of the  board  is  heated ,  and  then  the  heat i s  d issipated  i n to  the  atmosphere.  So,  
the  board  acts  as  the  heat s i nk of the  res istor.  Therefore,  when  the  heat conduction  of the  
board  i s  good  and  the  heat transfer i n to  the  atmosphere  i s  a lso  good ,  the  ΔTt-a  wi l l  be  smal l .  
Bu t when  the  heat conduction  of the  board  i s  poor and  the  a i rfl ow around  the  board  is  bad ,  
and  the  heat transfer i n to  the  atmosphere  i s  poor,  the  ΔTt-a  wi l l  be  l arge.  

On  the  other hand ,  most of the  heat  generated  at the  res istor wi l l  conduct  to  the  term inal  part  
so  the  ΔThs-t  i s  constant and  does  not depend  on  the  board .  

However,  when  strong  forced  a i r cool ing  i s  implemented ,  heat d issipation  d i rectl y in to  the  
atmosphere  from  the  SMD res istor surface  wi l l  become un ignorable,  so  ΔThs-t  wi l l  be  smal ler 
than  the  value  under the  no-wind  cond i ti on .  Bu t,  the  amount of heat d iss ipation  i s  very smal l  
compared  to  the  decrease  of ΔTt-a  caused  by the  forced  a i r cool i ng  of the  board  under the  
same wind  speed  cond i ti on ,  so  the  decrease  of ΔTt-a  +  ΔThs-t  when  the  forced  a i r cool ing  is  
implemented  wou ld  be  mostl y the  decrease  of ΔTt-a .  

When  the  change  of ΔTt-a  +  ΔThs-t  and  ΔTt-a  are  compared ,  i t  i s  perm issible  to  i gnore  the  
change  of ΔThs-t.  

The  heat path  of SMD  resistors  d i ffer greatl y from  the  l ead  wi re  res istors  that were  connected  
i n  the  a i r and  rad iate  d i rectl y i n to  the  atmosphere  as  mentioned  i n  Clause  4.  The  heat 
d issipation  of SMD resistors  depends  l argel y on  the  board .  F igure  B .3  shows  the  
measurement system  and  data.  F igure  B .4  and  F igure  B. 5  are  the  data.  

IEC  

1 00  

80  

60  

40  

20  

0  

0  ∆Ths-a  

∆Tt-a  ∆Ths-t  

∆Ths-a  

P
rp
  
(%

) 



I EC TR 63091 :201 7  © I EC 201 7  – 43  – 

 

Key 

1 :   RR201 2M  res i stor 0 , 25  W appl i ed  

2 :   Copper pattern ,  2  ki nds  (th i ckness  35  μm  and  70  μm)   

3 :   Th ickness1 , 6  mm  FR4  board  (set  hori zon ta l l y,  above  40  mm  from  the  desk)  

4 :   Measure  temperature  ri se  from  the  ambient  temperature  of the  dotted  l i ne  area  

5:   I n frared  thermograph  (magn i fi cation  l ens  of 50  μm  per p i xel )  

W:   Pattern  wid th ,  5  ki nds  (0 , 5  mm ,  1 , 0  mm ,  1 , 5  mm ,  2 , 0  mm  and  39, 0  mm)   

Figure B.3  – Measurement system  layout and  board  d imension  

T −  Ta  i n  F igure  B. 4  and  F igure  B . 5  are  both  temperature  rises.  So,  for example,  when  
Ta  =  25  °C,  add  25  °C  to  the  va lue  read  from  the  graph  to  obtain  the  actual  temperature.  
When  the  same power i s  appl i ed  to  the  same resistor,  bu t the  wid th  and  th ickness  of the  
pattern  is  d i fferent,  the  surface  hotspot  temperatu re  Tshs  and  temperatures  of the  other parts  
wi l l  change.  Tshs  wi l l  become 1 1 0  °C  when  Ta  =  25  °C,  pattern  wid th  0 , 5  mm  and  th ickness  
35  μm.  On  the  other hand ,  i t  wi l l  not even  reach  50  °C  when  Ta  =  25  °C,  pattern  wid th  39  mm  

and  pattern  th ickness  70  μm .  
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T Each  part  temperatu re  

T
a
 Ambien t temperature  

W Pattern  wi d th  

Figure  B.4 – Temperature  ri se  of RR201 2M  (th ickness  35 μm,  0 , 25  W appl ied)  
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T Each  part  temperatu re  

T
a
 Ambien t temperature  

W Pattern  wi d th  

Figure  B.5 – Temperature  rise  of RR201 2M  (th ickness  70  μm,  0 , 25  W appl ied)  

B.2  The influence of the printed  circui t boards  

Suppose  that  the  resistor manufacturer mounted  the  SMD  resistors  on  the  board  and  
establ ished  the  derating  curve  accord ing  to  F igure  A. 3  and  the  methods  mentioned  i n  Annex 
A.  Presume that the  SMD res istors  used  here  are  the  ones  in  wh ich  the  hotspot temperature  
Ths  of the  l oad  l i fe  test  do  not exceed  the  h igh  temperature  exposure  test temperature  (UCT),  

such  as  the  l eaded  res istors  wi th  a  smal l  temperature  rise  shown  i n  F igure  A. 9.  

And  then ,  th ink about  what wou ld  happen  to  the  hotspot temperature  when  the  appl ied  power 
to  the  res istor i s  reduced  accord ing  to  the  derating  curve  as  the  ambient  temperature  rises,  on  
the  exact  same  board .  F igure  B .6  shows  the  temperature  rise  from  ambien t to  hotspot  
temperature  ΔThs-a  d escribed  i n  F igure  B .2  by the  sum  of ΔThs-t  ( temperature  rise  from  the  
term inal  part  to  the  hotspot)  and  ΔTt-a  ( temperature  rise  from  the  ambien t to  the  term inal  part) .  
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Figure B.6  – Trajectory of the  terminal  part  and   
hotspot temperature of the  SMD resistors  

I n  th is  case,  the  cond i tion  at wh ich  the  res istor i s  set  wou ld  be  complete l y the  same as  the  
test cond i tion  at  wh ich  the  derating  cu rve  was  establ ished  so  the  maximum  temperatu re  wi l l  
not exceed  the  UCT.  Th is  wou ld  be  the  same i dea  wi th  the  l eaded  components.  Add i tional l y,  
the  heat stress  wou ld  not  exceed  ΔThs-t  of the  maximum  value  of the  load  l i fe  test.  

Bu t next,  i t  i s  necessary to  th i nk abou t the  correspondence  between  the  actual  usage  
cond i ti on  of the  SMD resistors  i n  the  e lectric/electron ic devices  and  the  derating  curve  
defined  by the  res istor manufacturer.  Of course,  the  actual  boards  used  i n  the  
e lectric/e lectron ic  devices  are  not the  same boards  that are  used  i n  the  l oad  l i fe  test  
implemented  by the  res istor manufacturer.  There  m ight be  many heat-generating  components  
other than  res istors  mounted  on  the  board ,  or the  res istors  m ight be  densel y mounted .  For a  
brief explanation ,  suppose that the  actual  boards  used  i n  the  devices  have  the  same  board  
and  l ayou t as  the  boards  used  i n  the  load  l i fe  test,  bu t wi th  a  narrow wi ri ng  pattern  wid th .  

I n  th is  case,  F igure  B . 6  wou ld  change as  shown  below.  
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MAT Maximum  Al l owable  Temperature  

Figure B.7  – Operating  temperature  of the  resistor on  the  board  with  narrow patterns  

ΔTt-a  i s  expected  to  be  larger than  F igure  B. 6  on  the  boards  wi th  narrow patterns ,  as  shown  in  
the  samples  of F igure  B. 4  and  F igure  B .5.  To  d iscrim inate  the  ΔTt-a  i n  F igure  B .6 ,  i t  i s  
described  as  ΔTt’ -a  i n  F igure  B. 7.  When  the  rated  power i s  appl ied ,  the  term inal  temperature  
moves  from  poin t  T i n  F i gu re  B . 6  to  poin t T'  i n  F igure  B. 7  for ΔTt’ -a  −  ΔTt-a  to  the  h i gh  
temperature  s i de.  The  temperature  rise  from  the  term inal  part to  the  hotspot ΔThs-t  d oes  not  
change  i f the  appl i ed  power is  the  same,  even  when  the  pattern  wid th  i s  d i fferent.  As  a  resu l t,  
even  i f the  l oad  is  reduced  a long  wi th  the  rise  of the  ambien t temperature  accord ing  to  the  
derati ng  curve  establ ished  by the  method  i n  Annex A and  shown  i n  F igure  A.3 ,  the  hotspot 
temperature  of the  res istor wi l l  exceed  the  temperature  veri fi ed  i n  the  test implemented  by the  
res istor manufacturer i f the  board  is  us ing  a  narrow pattern .  I n  F igure  B. 6,  there  is  a  
poss ib i l i ty of exceed ing  the  UCT,  or even  the  MAT.  I n  th is  case,  i t  i s  impossible  to  ach ieve  the  
re l i ab i l i ty wh ich  the  res istor manufacturer assu res  even  i f the  e lectric/electron ic  device  
designers  used  the  res istor accord ing  to  the  derati ng  curve.  

Th is  d isadvan tage  i s  caused  on l y because  the  e lectric/electron ic device  des igners  used  a  
board  wi th  a  narrower pattern  than  the  res istor manufacturer used .  The  h igh  temperature  of 

IEC  
Tra  

1 00  

80  

60  

40  

20  

P
rp
  
(%

) 

UCT 

C  Poin t B  

Poin t A  

Ths  

∆  Ths-t  
∆  Tt-a ’  

Poin t T’  Poin t T  

∆  Tt-a  

MAT 
T  

Tt ’  

Tt  

0  



 – 48  – I EC TR 63091 :201 7  © I EC 201 7  

the  term inal  part as  shown  i n  F igure  B. 7  can  occur by j ust  p l acing  heat-generating  
components  close  by or when  the  copper pattern  th ickness  i s  th inner.  

Recentl y,  i n  au tomotive  appl ications,  the  design  of e lectric/e lectron ic devices  for use  under 
h igh  temperature,  and  h i gh-densi ty mounting  for m in iaturi zation  has  advanced .  From  these  
demands,  requests  for ra is ing  the  rated  power are  escalati ng  against res istor manufacturers.  
I n  th is  s i tuation ,  the  ambigu i ty of the  derati ng  curves  wi l l  not on l y confuse  the  equ ipment 
design  of the  electric/e lectron ic  device  designers ,  bu t  increase  the  risk of caus ing  actual  
accidents .  

The  poin t i s  made  that the  curren t derating  curves  provided  by res istor manufacturers  for 
SMD  resistors  wi th  the  ambient temperature  on  the  horizon ta l  axis  i s  too  ambiguous ,  and  they 
cannot be  used  d i rectl y i n  des ign  acti vi ties .  Th is  recogn i ti on  needs  to  be  shared  between  the  
e lectric/electron ic  device  des igners  and  the  res istor manufacturer.  
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Annex C  
(informative)  

 
The influence of the  number of resistors  

mounted  on  the  test board  

C.1  General  

There  are  other d isadvantages  to  us ing  the  trad i ti onal  derating  curves  based  on  the  ambien t  
temperature  i n  add i tion  to  the  poin ts  mentioned  i n  Annex B.  

There  is  a  poss ib i l i ty that the  temperature  of the  res istor body during  the  l oad  l i fe  test 
implemented  by the  res istor manufacturer may vary,  even  when  they are  set i n  the  test 
chambers  under the  same ambient temperature  of 70  °C.  

There  are  three  reasons  for th is .  The  fi rst reason  is  that the  number of mounting  components  
and  the  coefficien t of thermal  conductivi ty of the  board  i s  not  defi ned  i n  the  test  boards  of 
I EC 601 1 5-8.  The  second  reason  i s  that there  is  no  test board  defined  for the  SMD  res istors  
other than  the  speci fic types  defined  i n  I EC 601 1 5-8.  The  th i rd  reason  is  that i t  i s  d i fficu l t  for 
the  resistor manufacturers  to  use  a  completel y natural  convection  test  chamber for the  load  
l i fe  test.  

The  fi rst  and  second  reasons  wi l l  be  explained  i n  th is  Annex C ,  and  the  th i rd  reason  wi l l  be  
expla ined  i n  Annex D .  

C.2  The influence of the number of resistors  mounted  on  the  test board  

The l oad  l i fe  test board  for the  speci fi ed  shape  SMD res istors  are  bas ica l l y defined  i n  the  
I EC 601 1 5-8.  I n  particu lar,  the  m in imum  pattern  l ength ,  pad  s ize  and  p i tch  for the  board  
materia l ,  res istor type  and  s i ze  are  defined .  Therefore,  at a  g lance,  i t  l ooks  as  i f any res istor 
manufacturer can  develop  the  board  and  mount res istors  and  set at  the  same ambient  
temperature  and  appl y the  same power to  each  res istor and  define  the  temperature  of the  
res istor.  Bu t i n  rea l i ty,  they cannot.  I t  i s  because  the  number of samples  moun ted  and  the  
coefficien t of the  thermal  conductivi ty of the  board  are  not defi ned ,  so  the  ΔTt-a  i n  F igure  B. 6  
cannot be  un i fi ed .  Th is  i s  qu i te  s imple.  F igure  C. 1  shown  below is  the  test board  compl iant 
wi th  I EC  601 1 5-8.  F i gure  C. 1  i s  the  comparison  of the  actual  measured  value  of the  
temperature  rise  wi th  1 ,  3 ,  5 ,  7 ,  9  and  20  samples  moun ted  on  the  test board .  The  power 
d istribu tion  i s  i ncreased  from  the  cen tre.  The  power for each  res istor i s  set  at 0 , 25  W  to 
cl earl y make  the  d i fference i n  temperature  rise  i n fl uenced  by the  number of samples  mounted .  
There  are  i nd ividual  d i fferences,  bu t  i t  i s  clear that the  temperature  rise  i s  l arger when  there  
are  more  samples,  as  shown  i n  F igure  C. 2  and  F igure  C.3.  
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N N umber of samples  to  wh ich  power i s  appl i ed  

Figure C. 1  – Test  board  compl iant  wi th  the  IEC  standard  for RR1 608M  
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Figure C.2  – Relation  between  the  number of samples   
and  the surface hotspot  temperature rise  
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a)  5  samples  b)  20  samples  

Figure C.3  – Infrared  thermograph  image  in  the  same scale  when  
power i s  appl ied  to  5  samples  and  20  samples  

C.3  The delay of correspondence for current products  wi th  nonstandard  
d imensions  

The second  reason  wi l l  be  expla ined .  Curren tl y,  many un iquely-shaped  SMD  res istors  are  
developed  and  are  sold  wi th  large  rated  powers.  However,  there  i s  no  common  standard  
about the  test board  for these  un iquel y-shaped  SMD res istors .  As  mentioned  i n  Annex B ,  
F igure  B .3  and  F igure  B . 4,  SMD  res istors  use  the  patterns  as  a  heat-s ink,  so  i f the  resistor i s  
requ i red  to  have  the  l argest rated  power poss ib le  under the  test envi ronment wi th  the  same  
ambien t  temperature,  i t  i s  necessary to  use  a  test  board  wi th  a  wide-wid th  pattern  and  to  
reduce the  temperature  ri se  from  the  ambien t envi ronment of the  res istor.  

 

IEC  IEC  



 – 52  – I EC TR 63091 :201 7  © I EC 201 7  

Annex D  
(informative)  

 
Influence of the ai r flow in  the  test chamber 

D.1  General  

Figure  D. 1  shows the  re lation  between  the  temperature  rise  of the  term inal  part of RR6332M  
and  wind  speed .  I t  shows  that the  temperature  ri se  of the  res istor wi l l  d rop  much  more  than  
wi th  natura l  convection ,  even  wi th  a  fa in t a i rfl ow.  The  a i rflow is  caused  by the  ag i tation  fan  
wh ich  i s  set to  keep  the  temperatu re  i ns ide  the  test chamber un i form .  The  power appl ied  to  
the  resistor wou ld  be  the  same even  when  the  a i rflow cond i tion  changes.  Ten  samples  of the  
RR6332M  were  mounted  on  the  test board  and  1  W was  appl ied  to  each  sample.  The  vertical  
axis  i s  the  rise  from  the  ambien t temperature  to  the  term inal  part temperature,  bu t the  hotspot 
temperature  wou ld  be  the  term inal  part temperature  p lus  the  certa in  offset temperature  ΔThs-t  
accord ing  to  the  appl ied  power,  regard less  of the  wind  speed .  Therefore,  the  trend  of th is  
graph  wou ld  be  the  same for the  hotspot temperature  as  wel l .  The  reason  why the  hotspot 
temperature  wou ld  be  the  term inal  part temperature  p l us  the  certain  offset temperature  was  
mentioned  i n  Annex B.  SMD  res istors  have  smal l  surface  areas ,  so  the  heat d iss ipation  by 
heat transfer from  the  resistor su rface  to  the  atmosphere  wou ld  be  extremely smal l  regard less  
of the  a i rfl ow compared  wi th  the  heat  d iss ipation  via  the  term inal  part  by heat conduction .  The  
board  compl ian t wi th  I EC  601 1 5-8  i s  used  i n  the  experiment.  The  board  used  for the  
RR1 608M  is  shown  i n  F igure  C. 1 .  The  number of samples  mounted  i s  shown  i n  Table  D. 1 .  
There  are  1 0  samples  moun ted  for the  l arge  products  and  20  samples  for the  smal l  products.  

D.2  Influence of the wind  speed  

The term inal  temperature  is  measured  wi th  a  type  K thermocouple  of 0 , 1  mm  in  wi re  d iameter.  
The  temperature  measurement errors  by the  thermocouple  wi l l  be  men tioned  later,  bu t  even  
when  measurement errors  are  cons idered ,  i t  i s  possible  to  observe  the  l arge  decrease  of the  
temperature  rise  when  there  i s  a  fa in t  breeze  of about 0 , 4  m /s  to  0 , 7  m /s  compared  wi th  the  
cond i ti ons  wi th  on l y natura l  convection .  

F igu re  D . 2  shows the  test system  for the  natura l  convection  fl ow and  F igure  D . 3  shows  the  
test system  wi th  a i r fl ow.  
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Figure D. 1  – Wind  speed  and  the  terminal  part temperature  ri se  of the  RR6332M  

Dimensions in  millimetres 
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Figure D.2  – Test  system  for the  natural  convection  flow 

The test  was  implemented  to  products  other than  the  RR6332M  as  wel l .  The  test boards  are  
compl ian t wi th  I EC 601 1 5-8  j ust l ike  the  boards  used  i n  F igure  C. 1 .  The  d imension  of the  
en ti re  board  is  1 1 5  mm  wide  and  80  mm  long  for a l l  res istor s izes ,  and  the  pattern  wid th  and  
the  mounting  p i tch  are  a l l  stated  i n  I EC  601 1 5-8.  The  number of samples  mounted  and  the  
appl ied  power for each  sample  i s  shown  i n  Table  D. 1 .  
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The  thermocouple  for the  three  s i zes  RR6332M  to  RR3225M  are  d i rectl y soldered  to  one  s ide  
of the  res istor term inal  part  (centre  of the  solder fi l let)  for a l l  1 0  samples  moun ted  on  one  test 
board .  The  thermocouple  for the  four s izes  RR321 6M  to  RR1 005M  are  d i rectl y so ldered  to  
one  s ide  of the  res istor term inal  part  (cen tre  of the  solder fi l l et)  to  every other sample,  i n  total  
1 0  samples  ou t of the  20  res istors  mounted  on  the  test  board .  

The  resu l ts  are  shown  i n  F igure  D. 4 ,  F igure  D. 5,  F igure  D . 6,  F i gure  D . 7,  F igure  D . 8  and  
F igure  D .9 .  

Table  D . 1  – Number of samples  mounted  and  the appl ied  power 

Size  Number of samples  mounted  on  one  board  Appl ied  power for each  resi stor 

W 

RR6332M  1 0  1  

RR5025M  1 0  0 , 75  

RR3225M  1 0  0 , 5  

RR321 6M  20  0 , 25  

RR201 2M  20  0 , 1 25  

RR1 608M  20  0 , 1  

RR1 005M  20  0 , 063  
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Dimensions in  millimetres 
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1  Constant  temperature  chamber 

2  Ag i tation  fan  

3  Ag i tation  wind  

4  Parti ti on  

5  Test  board  

6  S i ze  of the  parti ti on  i s  changed  to  ad just  the  wind  speed  

7  Anemometer probe  

Figure D.3  – Observing  the influence  of the  ag i tation  wind  in  the  test  chamber 
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The  fol l owi ng  shows  the  test  resu l ts  of other s i zes.  
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Figure  D.4 – Wind  speed  and  the  terminal  part temperature  rise  of the  RR5025M  
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Figure  D.5 – Wind  speed  and  the  terminal  part temperature  rise  of the  RR3225M  
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Figure  D.6  – Wind  speed  and  the  terminal  part temperature  rise  of the  RR321 6M  
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Figure  D.7  – Wind  speed  and  the  terminal  part temperature  rise  of the  RR201 2M  
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Figure  D.8  – Wind  speed  and  the  terminal  part temperature  rise  of the  RR1 608M  
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Figure  D.9  – Wind  speed  and  the  terminal  part temperature  rise  of the  RR1 005M  
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l oad  l i fe  test us ing  on l y the  test chamber wi th  complete  natural  convection ,  at  l east the  
temperature  d i fference of the  test  cond i tion  between  each  manufactu rer caused  by the  
ag i tation  a i rflow i n  the  chamber wou ld  be  resolved .  Th is  wou ld  be  i deal  for some  si des,  bu t i t  
wou ld  be  imposs ib le  because  of the  cost.  The  important part  i s  that  the  res istor manufacturers  
need  to  fi nd  a  method  that i s  ab le  to  provide  e lectric/e lectron ic device  designers  wi th  rated  
power and  derati ng  curves  that  can  be  used  i n  des ign  acti vi ti es  even  when  the  l oad  l i fe  test  
for SMD res istors  are  implemented  in  test  chambers  wi th  ag i tation  ai rflow.  

However,  the  temperature  under the  cond i ti on  of the  horizon tal  a i rflow against the  board  on  
wh ich  the  res istor i s  mounted  i s  a lso  measured .  I t  wi l l  be  shown  i n  Annex K.  The  same trend  
can  be  seen ,  bu t  the  temperature  d i fference  between  the  natural  convection  and  wi th  a i r flow 
is  s l i ghtl y smal ler.  The  cause  i s  thought to  be  as  fol lows.  When  the  a i rflow is  set  hori zon tal l y 
against the  board  surface  on  wh ich  the  resistor i s  mounted ,  the  experiment wi l l  be  
implemented  i n  a  wind  tunnel ,  and  the  pri n ted  ci rcu i t  board  wi l l  be  set i n  the  d i rection  i n  wh ich  
the  a i rfl ow wi l l  not  be  i n terfered ,  so  i t  wi l l  be  a  l am inar a i rflow.  When  i t  i s  a  l am inar a i rflow,  the  
thermal  boundary layer becomes  th ick,  so,  general l y,  the  heat transfer coefficien t becomes  
l ow compared  wi th  the  turbu len t a i rfl ow.  When  the  board  is  set as  shown  i n  F igure  D. 3,  the  
wind  wi l l  become a  turbu lent a i rfl ow and  the  thermal  boundary l ayer does  not get th ick,  and  
the  heat transfer coefficien t becomes  h igher than  the  l am inar a i rfl ow,  so  these  resu l ts  can  be  
seen  even  when  the  wind  speed  is  the  same.  

When  a  l oad  l i fe  test us ing  the  test chamber i s  implemented  by the  res istor manufacturer,  a  
parti tion  i s  often  used  to  preven t the  ag i tation  a i rflow from  d i rectl y b lowing  on to  the  pri n ted  
board  and  reducing  the  wind  speed ,  bu t th is  has  a  h i gh  probabi l i ty of making  a  turbu len t 
a i rflow,  so  the  temperature  d rop  can  become larger than  the  l am inar a i rflow even  when  the  
wind  speed  close  to  the  board  i s  the  same.  
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Annex E  
(informative)  

 
Val id i ty of the  new derating  curve  

E.1  Suggestion  for establ ishing  the derating  curve based  on  the terminal  part  
temperature  

The derating  curve  that can  resolve  the  d isadvantages  mentioned  i n  Annex B ,  Annex C  and  
Annex D  wi l l  be  stud ied .  The  answer i s  to  establ ish  a  derating  curve  us ing  the  temperature  of 
the  poin t where  the  temperature  of the  res istor i s  reflected  correctl y at  the  l oad  l i fe  test 
implemented  by the  resistor manufacturer.  The  fi rst cand idate  wou ld  be  the  hotspot  
temperature,  or the  thermal l y sensi ti ve  poin t  temperature .  From  here  on ,  "thermal l y sensi ti ve  
poin t"  wi l l  be  referred  to  as  "hotspot temperature"  to  preven t confus ion .  
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Figure  E.1  – Derating  conditions  of SMD resistors   
on  the  resistor manufacturer test board  
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d rawn  from  poin t  H  to  the  UCT.  I n  th is  case,  the  horizontal  axis  T wou ld  be  the  hotspot 

temperature.  

The  e lectric/e lectron ic  device  des igners  shou ld  measure the  temperature  of the  hotspot of the  
res istor and  confi rm  that the  power consumption  ratio  against  the  rati ng  i s  under the  derating  
curve  that i s  defined  wi th  the  hotspot  temperature.  From  th is  veri fication ,  the  usage  cond i tion  
of the  e lectric/e lectron ic  device  des igners  wou ld  be  surel y wi th in  the  maximum  temperature  
and  maximum  heat  stress  confi rmed  by the  test  implemented  by the  res istor manufacturer.  

But,  unfortunatel y,  there  are  fl aws  i n  th is  derating  curve  using  the  hotspot temperature  as  the  
horizon tal  axis.  The  defects  are  shown  below.  

The  res istors  that have  a  hotspot that can  be  observed  from  the  ou ts ide  are  l im i ted .  The  
hotspot does  not mean  that i t  i s  the  thermal l y sens i ti ve  poin t of the  res istor.  Therefore,  i t  
cannot be  said  that i t  i s  OK to  j ust  con trol  the  hottest part  of the  res istor.  

Even  i f there  were  a  res istor whose hotspot was  i ts  thermal l y sens i ti ve  poin t that needs  to  be  
con trol l ed ,  and  i t  was  ab le  to  be  observed  from  the  ou ts ide,  the  method  wou ld  be  a  problem .  
The  fi rst  p iece  of equ ipment that wou ld  come to  m ind  to  measure  the  hotspot  temperature  
from  the  surface  wou ld  be  the  i n frared  thermometer.  Bu t,  the  i n frared  thermometer can  on l y 
measure  the  temperature  of an  area  that can  be  seen  from  the  ou ts ide.  I t  wou ld  be  imposs ible  
to  measure  and  con trol  the  hotspot temperature  of the  res istor d i rectl y when  i t  i s  i ns ide  the  
chamber during  the  test.  Add i ti onal l y,  i t  wou ld  be  a lso  impossible  for electric/electron ic device  
des igners  to  measure  the  hotspot of the  res istors  that are  mounted  on  the  board  and  set 
i ns ide  the  chass is  and  operated .  The  detai ls  wou ld  be  expla ined  i n  Annex G  but  to  measure  
the  extremely smal l  hotspot of a  smal l -s ize  SMD  res istor wou ld  need  a  cl ose-set  magn i fier 
wi th  sufficient  spatia l  resolu tion .  Th is  means  that these  kind  of l enses  need  to  be  set very 
close  ( in  the  order of a  few cen timetres)  to  the  object for i t  to  be  measured .  From  th is  poin t of 
view,  i t  wou ld  be  imposs ible  to  measure  the  d i rect hotspot temperature  under the  cond i tions  
of the  load  l i fe  test carried  ou t by the  res istor manufacturer and  the  actual  operati ng  
cond i tions  at  the  e lectric/electron ic device  des igner s i de.  

Th is  i s  on l y a  presumption  that there  i s  a  res istor that has  a  hotspot that can  be  observed  
from  the  ou tside,  and  th is  hotspot  i s  the  on l y poin t  that needs  to  be  con trol l ed .  The  method  
that wou ld  be  appropriate  when  making  assumptions  abou t the  hotspot temperature  of the  
res istor that i s  under test  i n  the  test  chamber by the  res istor manufacturer shou ld  be  
cons idered .  F i rst,  set the  board  used  i n  the  test on  the  table  under the  thermal l y neutra l  
envi ronment and  the  temperature  rise  from  the  ambient temperature  to  the  hotspot ΔThs-a  wi l l  
be  measured .  Next,  add  the  ΔThs-a  to  the  set  temperature  of the  test  chamber and  pred ict  that 
i t  i s  the  hotspot  temperature  of the  res istor under test  i n  the  test chamber.  Th is  seems  correct,  
bu t i t  i s  wrong .  

I t  i s  impossib le  for a l l  the  res istor manufacturers  to  implement the  test i n  a  completel y natural  
convection  test  chamber.  I n  real i ty,  there  is  a i rfl ow in  the  test  chambers.  As  mentioned  i n  
Annex D ,  even  a  fa in t  breeze  of 0 , 4  m /s  to  0, 7  m /s  wou ld  i n terrupt  the  temperature  rise  
compared  wi th  the  temperature  rise  ΔThs-a  u nder the  natural  convection  envi ronment.  

The  same th ing  cou ld  be  said  of the  actual  u sage  cond i tions  from  the  e lectric/e lectron ic 
designer's  s ide.  For example,  suppose that the  e lectric/electron ic des igner opened  the  
chassis  or took ou t the  pri n ted  board  from  the  chass is  and  set i t  i n  open  space  and  operated  
the  equ ipment and  measured  the  hotspot  temperature  of the  res istor Ths .  At  the  same time,  
suppose  that the  base  poin t i s  set  somewhere  on  the  board  and  measured  as  Tref  wi th  an  
i n frared  thermograph .  Then ,  attach  a  thermocouple  to  the  poin t  where  Tref  was  measured ,  and  
pu t i t  back i n to  the  chass is  and  acti vate  the  equ ipment and  measure  the  base  poin t 
temperature  T'ref  wi th  the  thermocouple.  I n  th is  case,  the  hotspot temperature  T’hs  of the  
res istor i ns ide  the  chass is  wi l l  not  become T'ref  +  (Ths  −  Tref) .  I f Tref  was  very close  to  the  
res istor,  such  as  the  term inal  part of the  same component,  i t  may happen ,  bu t  when  the  
measured  poin t of Tref  and  the  p lace  where  the  res istor i s  mounted  becomes  farther,  the  
d i fference  between  T'hs  and  T'ref  +  (Ths  −  Tref)  wi l l  get l arger.  Th is  i s  because  the  temperature  
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d istribu tion  on  the  board  set i ns ide  the  chassis  wi l l  not  become the  same as  the  temperature  
d istribu tion  of the  board  alone  or wi th  a  part of the  chass is  opened ,  un less  the  chass is  i s  
extremely l arge  compared  to  the  board .  Besides,  i f a  fan  is  used  for ai r cool i ng ,  th is  method  
cannot be  used .  

The  above  problems  are  a l l  hard  to  resolve,  so  i t  i s  d i fficu l t  for the  res istor manufacturer to  
provide  the  derati ng  curves  based  on  the  hotspot.  Even  i f i t  were  possib le,  the  i ndex wou ld  
become someth ing  that el ectric/electron ic  device  designers  wou ld  find  d i fficu l t  to  use  for 
veri fication  of use.  

However,  the  surface  hotspot temperature  can  be  ca lcu lated  i f the  appl i ed  power,  the  thermal  
res istance  between  the  surface  hotspot of the  res istor and  the  term inal  part R th  shs-t,  and  the  
term inal  part temperature  cou ld  be  measured .  Even  i f res istors  that cou ld  be  derated  by the  
surface  hotspot  are  developed ,  i t  wou ld  be  necessary to  measure  the  term inal  part  
temperature  for operation .  

F i gu re  E. 1  wi l l  be  reviewed  to  see  wh ich  poin t  wou ld  be  optimum  for the  horizontal  axis  of the  
derating  curve.  

The  temperature  rise  from  the  term inal  part  to  the  hotspot ΔThs-t  i s  the  i nherent va lue  of the  

res istor when  the  appl i ed  power i s  defi ned .  The  thermal  res istance  from  the  term inal  part  to  
the  hotspot of the  res istor wou ld  be  R th  hs-t.  The  hotspot temperature  wou ld  be  Ths .  The  
term inal  part temperature  wou ld  be  Tt.  The  power appl ied  to  the  res istor wou ld  be  P.  The  

formu la  to  calcu late  the  hotspot temperature  i s  shown  i n  Formu la  (E. 1 ) .  

 PRTTTT thsthtthsths −⋅− +=+= ∆  (E . 1 )  

Actual l y,  the  R th  hs -t  wou ld  be  the  characteristic va lue  of the  res istor.  To  avo id  confus ion ,  the  

formu la  i s  om i tted .  As  a l ready expla ined ,  when  the  hotspot  i s  not the  thermal l y sens i ti ve  poin t,  
the  hotspot shou ld  be  read  as  the  thermal l y sens i ti ve  poin t.  

What i f the  term inal  part temperature  Tt  i s  set as  the  horizon tal  axis  of the  derati ng  curve  and  

uses  th is  temperatu re  as  the  temperature  measurement poin t common  to  both  res istor 
manufacturer and  the  e lectric/electron ic device  designers?  I t  means  using  the  trajectory of the  
term inal  part  temperature  (straight l i ne  connecting  the  Poin t  T  and  UCT)  i n  F igure  E. 1  as  the  
derati ng  curve  

Th is  derati ng  curve  wi l l  be  ca l led  the  derati ng  cu rve  based  on  the  term inal  part  temperature.  
From  here  on ,  the  trad i tional  derating  curve  wou ld  be  cal led  the  derati ng  curve  based  on  the  
ambien t temperature  for d iscrim ination .  

The  ΔThs-t  to  power ratio  i s  R th  hs-t  P,  so  i t  wou ld  be  reduced  in  proportion  to  power.  F igure E.2  
shows  the  relationsh ip  between  ΔThs-t  ,  appl i ed  power and  hotspot temperature  when  derating  

i s  implemented  accord ing  to  the  derating  curve  based  on  the  term inal  part  temperature.  

Of course,  the  hotspot temperature  wou ld  conform  to  the  derating  curve  based  on  the  hotspot 
temperature  ( l i ne  connecting  poin t H  and  UCT).  

Reducing  the  l oad  accord ing  to  the  derati ng  curve  based  on  the  term inal  part  temperature  is  
equ ivalent to  reducing  the  load  accord ing  to  the  derating  curve  based  on  the  hotspot 
temperature.  
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Figure E.2  – New derating  curve  provided  by the  resistor  
manufacturer to  the  electric/electron ic  designers  

I t  i s  poss ib le  to  measure  the  term inal  part  temperature  by us ing  a  thermocouple  during  the  
l oad  l i fe  test by the  res istor manufacturer or under the  operating  cond i ti on  when  the  
e lectric/electron ic designer mounted  the  res istor on  the  board  i ns ide  the  chassis .  Th is  i s  the  
important advantage  of the  derating  curve  based  on  the  term inal  part temperature.  

The  most importan t advantage  of the  derati ng  cu rve  based  on  the  term inal  part  temperature  i s  
that i t  i s  theoretica l l y equ ivalent to  the  derati ng  cu rve  based  on  the  hotspot  temperature .  Even  
when  the  hotspot pos i ti on  or the  l im i t value  i s  unknown ,  the  e lectric/electron ic  device  
des igners  can  be  sure  that they are  us ing  the  res istor be low the  maximum  temperature  and  
heat stress  confirmed  by the  res istor manufacturer,  as  l ong  as  the  power ratio  i s  reduced  
below the  derating  curve  as  the  term inal  temperature  rises.  I n troducing  the  derating  curve  
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based  on  the  term inal  part temperature  as  shown  i n  F igure  E . 3  i s  the  on l y method  to  resolve  
a l l  the  mentioned  d isadvantages.  

Therefore,  a  suggestion  i s  made for the  res istor manufacturers  to  provide  the  derating  curve  
based  on  the  term inal  part  temperature  by measuring  the  term inal  part temperature  of the  
SMD res istor during  the  l oad  l i fe  test us ing  the  thermocouple.  The  e lectri c/electron ic  device  
des igners  are  recommended  to  use  the  SMD  res istors  by reducing  the  l oads  accord ing  to  the  
derati ng  curve  based  on  the  term inal  part temperature.  

 

Figure E.3  – Derating  curve  based  on  the  terminal  part  temperature   

Even tual l y,  the  derati ng  curves  that wou ld  be  provided  by the  res istor manufacturers  to  the  
e lectric/electron ic device  designers  wou ld  have  the  term inal  part temperature  as  the  
horizon tal  axis  as  shown  i n  F igu re  E. 4.  
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Figure E.4  – Derating  curve  based  on  the  terminal  part temperature  

E.2  Conclusion  

The derati ng  curves  for res istors  based  on  ambien t temperature  were  establ ished  and  the  
methods  were  defined  more  than  50  years  ago,  during  the  era  of vacuum  tubes,  when  l arge  
res istors  wi th  l ead  wi res  were  connected  to  l ug  term inals.  I n  those  days,  the  heat  generated  in  
the  res istor was  rad iated  i n to  the  ambien t  atmosphere  by rad iation  and  convection .  So,  the  
res istor body temperature  was  the  sum  of the  ambient temperature  and  the  temperature  rise  
by sel f-heating .  Therefore,  i t  was  reasonable  for the  ambien t temperature  to  be  the  standard  
for the  derating  curve  defin ing  the  thermal  approach  i n  the  use  of res istors.  

However,  the  heat  path  for SMD  resistors  i s  main l y the  heat conduction  through  the  pri n ted  
board ,  and  heat d iss ipation  from  the  resistor bod y to  the  ambient atmosphere  by rad iation  and  
convection  is  very l ow.  SMD  resistors  are  us ing  the  prin ted  boards  as  a  heats ink.  When  the  
prin ted  boards  i n tervene  i n  the  heat path ,  various  d isadvantages  occur to  the  derati ng  curve  
based  on  the  ambient  temperature.  

The  l argest  d isadvan tage  wou ld  be  when  the  same power i s  appl i ed  to  the  same SMD res istor.  
The  temperature  of the  res istor wi l l  change  d rastical l y depend ing  on  the  heat d issipation  
capabi l i ty of the  pri n ted  board ,  even  when  the  ambient temperature  i s  the  same.  Under such  
ci rcumstances,  the  e lectric/electron ic device  des igners  cannot use  the  derating  cu rves  i n  the ir 
des ign  activi ty even  i f they were  establ ished  by the  res istor manufacturers  by implementing  
tests  us ing  the  pri n ted  boards  that conform  to  the  standard .  The  reason  i s  the  heat d iss ipation  
capabi l i ty of the  prin ted  boards  used  i n  the  test implemented  by the  res istor manufacturer and  
the  pri n ted  boards  that the  e lectric/electron ic  device  designers  actual l y use  are  d i fferent.  
Especia l l y when  watch ing  the  recent trends  of the  market,  such  as  requests  for ra is i ng  the  
rated  power and  prolong ing  operating  l i fe,  the  cu rrent derating  curves  based  on  the  ambien t 
temperature  are  i nadequate  as  des ign  tools  for the  appropriate  use  of SMD  resistors  by 
e lectric/electron ic device  des igners .  
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Therefore,  establ ish ing  a  new derati ng  curve  for SMD resistors  i s  an  u rgent need  so  that the  
e lectric/electron ic  device  designers  can  use  them  i n  thei r des ign  acti vi ty.  The  fi rst i dea  was  to  
use  the  derati ng  cu rve  based  on  the  hotspot  temperature  of the  res istor.  Bu t,  the  resistors  
that  need  to  con trol  on l y the  hotspot  temperature  are  rare  and  measuring  the  accurate  hotspot  
temperature  i s  d i fficu l t.  As  a  resu l t of reviewing  from  various  ang les ,  using  the  derating  curve  
based  on  the  term inal  part temperature  of the  res istor i s  suggested .  

However,  the  derati ng  curve  for resistors  i s  often  m isconceived  wi th  the  analogy of the  
derating  curve  for sem iconductors.  The  derating  curve  for sem iconductors  is  determ ined  to  
prevent  the  thermal l y sens i ti ve  poin t  from  exceed ing  a  certain  temperature,  such  as  the  
j unction  temperatu re.  On  the  other hand ,  the  derati ng  curve  for res istors  is  a  curved  l i ne  that 
is  determ ined  i n  the  test  for wh ich  the  res istor can  be  used  i f the  l oad  is  derated  accord ing  to  
the  curve  a long  wi th  the  temperature  rise.  Before  the  use  of the  derati ng  curves  for res istors ,  
the  d i fference wi th  the  derating  curves  for sem iconductors  shou ld  be  recogn ized .  
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Annex F  
(informative)  

 
The  thermal  resistance of SMD resistors  

The thermal  res istance  of the  ambient  temperature  of the  surface  hotspot  of the  res istor 
R th  shs-a  i s  the  sum  of the  thermal  res istance  of the  ambient temperature  to  the  term inal  part  
of the  resistor R th  t-a  and  the  thermal  res istance  of the  surface  hotspot  to  the  term inal  part  
R th  shs-t.  The  add i tional  characters  mean  the  fo l l owing :  

•  "shs"  means  "surface  hotspot" ,   

•  "a"  means  "a i r" ,  and  

•  " t"  means  " term inal " .  

The  thermal  res istance  of the  ambient temperature  to  the  surface  hotspot of the  res istor 
Rth  shs-a  on l y has  the  mean ing  of an  i nherent value  for the  res istor.  Th is  i s  because  the  
thermal  res istance  of the  ambien t temperature  to  the  surface  hot spot R th  t-a  i s  l argel y d i fferent 

from  the  moun ted  board  materia l ,  pattern ,  componen ts  mounted  close  by,  the  fixi ng  method  of 
the  board  to  the  chass is  and  the  presence of a i rflow.  Formu la  (F. 1 )  shows that the  thermal  
res istance  R th  shs-t ,  wh ich  i s  an  i nherent  value  of the  resistor,  i s  the  temperature  d i fference  

between  the  surface  hotspot and  the  term inal  part of the  res istor d i vided  by the  appl i ed  power.  

 ( ) PTTR /tshstshsth −=−⋅   (F . 1 )  

Where  

Tshs   i s  the  surface  hotspot  temperature,  

Tt   i s  the  term inal  part  temperature,  

P   i s  the  power appl ied  to  the  res istor.  

However,  the  thermal  resistance  defined  here  i s  not the  thermal  res istance  i n  a  s trict  sense.  
The  thermal  res istance  i n  a  strict  sense  wou ld  be  as  fol lows.  The  thermal  res istance  between  
A and  B  (R th  ab)  wou ld  be  defined  as  below when  there  i s  temperature  d i fference  ΔT between  
surface  A and  surface  B  i n  the  thermal  path  of heat P  as  shown  in  F igure  F. 1 .  

 PTR /abth ∆=⋅   (F . 2)  

Formu la  (F. 2)  i s  based  on  the  presumption  that A is  a  homogeneous  h igh-temperature  part  
and  B  is  a  homogeneous  low-temperature  part,  and  the  whole  of P  must  be  fl owing  from  A to  

B.  
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Figure F . 1  – Defin i tion  of the  thermal  resistance in  a  strict  sense  

On  the  other hand ,  the  heat source  of the  res istor  i s  the  whole  part of the  res isti ve  body ( the  
example  i s  the  fl at ch ip  res istor).  The  heat fl ows  from  each  heat-generating  poin t to  the  
term inal  part th rough  the  base  materia l  (main l y the  a lum ina  ceram ic)  a long  various  routes.  
The  term inal  part temperature  Tt  can  be  fixed  as  poin t  B  shown  i n  F igu re  F. 1 ,  bu t the  
temperature  of the  resisti ve  body wou ld  g ive  a  d i stribution  l i ke  a  nearl y parabol ic shape  wi th  
the  surface  hotspot Tshs  as  the  peak i f i t  was  observed  from  the  surface  of the  res istor.  Th is  i s  

shown  i n  F igure  F . 2 .  
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Figure  F .2  – Thermal  resistance  of the  resistor 

P  i s  not  generated  on l y from  Tshs  and  does  not fl ow i n to  one  Tt .  I n  th is  case,  the  mean ing  of 

the  thermal  res istance  i s  d i fferent from  the  case  shown  i n  F igure  F . 1 .  

The  power P  of a  res istor i s  the  tota l  heat generated  i n  the  whole  res istive  e lement.  Not on l y 

the  hotspot,  bu t the  l ow-temperature  parts  al so  generate  heat and  the  temperature  of the  
i nner hotspot  i s  h igher than  that of the  surface  hotspot.  But,  to  derive  the  thermal  res istance  
of the  res istor,  the  surface  hotspot Tshs  that  can  be  observed  is  often  used  as  the  typ ical  h igh -
temperature  part.  The  heat of P  shou ld  be  d i vi ded  to  both  term inals ,  bu t  i t  wou ld  be  treated  as  

one  as  i f i t  were  the  typi cal  l ow-temperature  part.  I n  real i ty,  there  is  a  d i fference between  the  
proper thermal  resistance  and  the  thermal  res istance  of the  res istor.  Bu t,  i t  i s  true  that the  
d i fference  between  the  surface  hotspot temperature  Tshs  and  the  term inal  part temperature  Tt  
i s  proportionate  to  the  power P.  Therefore,  by measuring  

R th  shs-t  =  (Tshs  −  Tt)/P  

and  defin ing  that  th is  i s  the  thermal  res istance  of the  res istor,  i t  wou ld  be  conven ient to  derive  
the  surface  hotspot  temperature  from  

Tshs  =  R th  shs-t  P  +  Tt  
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by setting  the  term inal  part  temperature  Tt  and  appl i ed  power P.  On  the  other hand ,  i t  i s  

poss ib le  to  derive  the  term inal  part  temperature  from  

Tt  =  Tshs  −  R th  shs-t  P  

by setting  the  hotspot temperature  Tshs  and  appl i ed  power P.  Th is  wou ld  be  the  purpose  of 

defin ing ,  measuring  and  provid ing  the  thermal  res istance  from  the  term inal  part to  the  surface  
hotspot R th  shs-t  to  the  e lectric/e lectron ic device  des igners.  

For example,  when  the  e lectric/electron ic device  des igners  appl y coatings  to  the  prin ted  board  
wi th  res in ,  they need  to  keep the  surface  temperature  of the  res istor below the  temperature  at 
wh ich  the  coating  res in  can  survive.  I f R th  shs-t  i s  provided ,  the  hotspot temperature  can  be  
eas i l y pred icted  from  the  power consumption  P  and  the  term inal  part temperature  by us ing  the  
thermocouple,  even  when  i t  i s  set i ns ide  the  chassis  and  cannot d i rectl y measure  the  surface  
hotspot wi th  the  thermograph .  

I t  i s  often  the  case  that e lectric/electron ic device  designers  need  to  estimate  the  temperature  
of the  surface  of the  pri n ted  board  and  veri fy that i t  does  not  exceed  the  upper temperature  
l im i t of the  prin ted  board .  Especia l l y i n  recent  years,  SMD res istors  that  have  the  res isti ve  
e lements  on  the  board  s i de,  so-cal led  reverse  moun t res istors ,  have  appeared  on  the  market.  
For these  ki nds  of res istors ,  the  board  s i de  of the  res istor where  the  resisti ve  e lement  i s  
l ocated ,  wh ich  cannot be  observed  from  the  surface,  can  reach  a  h igher temperature  than  the  
observable  s ide.  The  detai l  of the  recommended  measurement method  of R th  shs-t,  wh ich  uses  
the  copper b lock,  wi l l  be  explained  i n  Annex H .  For reverse  mount res istors,  they shou ld  be  
fl i pped  over and  then  mounted  on  the  copper b lock so  that the  res istive  e lement s i de  can  be  
observed  when  R th  shs-t  i s  measured .  I f R th  shs-t  i s  provided  to  the  electric/e lectron ic  device  
des igners,  they can  veri fy i f the  temperature  exceeds  the  upper l im i t  of the  pri n ted  board  or 
not under the  operati ng  cond i tions.  

However,  for a l l  resistors,  i nclud ing  the  reverse  mount  res istors,  the  temperature  of the  
res istor’s  surface  facing  the  prin ted  board  can  be  estimated  by measuring  R th  shs-t  wi th  the  

recommended  measurement method  using  the  copper b lock as  shown  in  Annex H  and  
Formu la  (F. 3) .  

 ttshsthshs TPRT += −⋅   (F . 3)  

When  Formu la  (F. 3)  i s  used ,  excess  marg ins  cou ld  be  set because  the  heat of the  surface  
hotspot  that  faces  the  pri n ted  board  wi l l  be  d iss ipated  via  the  atmosphere  to  the  pri n ted  board ,  
so  there  i s  a  h i gh  poss ib i l i ty that the  temperature  wi l l  be  l ower than  the  calcu lated  va lue.  The  
measurement or the  estimation  of the  temperature  of the  prin ted  board  j ust under the  res istor 
i s  a  fu ture  subject  wh ich  i s  expla ined  in  Annex M .  

The  fol lowing  s i tuations  may also  happen .  The  e lectric/electron ic device  des igners  cannot set  
thermocouples  to  a l l  the  res istor fi l l ets  and  veri fy the  temperature  under the  operating  
cond i ti ons  (prin ted  boards  set  i nside  the  chass is  and  acti vated)  at the  equ ipment des ign  
phase.  They need  to  determ ine  wh ich  res istor term inal  needs  to  be  measured .  I n  th is  case,  
the  e lectric/e lectron ic device  des igners  need  to  fi nd  ou t  the  re levant res istor fi l l et to  measure  
wi th  a  thermocouple  by taking  out  the  prin ted  board  from  the  chassis  to  make  i t  possible  to  
observe  the  surface  d i rectl y and  use  the  i n frared  thermograph  and  d i rectl y measure  the  
term inal  part  temperature  under the  operati ng  cond i ti on .  I t  wou ld  be  s imple  i f the  fi l let  
temperature  cou ld  be  measured  from  the  temperature  d istribu tion  images  of the  i n frared  
thermograph ,  bu t i t  i s  not that easy.  S ince  the  term inal  part  i s  formed  wi th  solder wh ich  has  
l ow em iss ivi ty,  and  a lso  the  target  surface  is  a  fi l l et  and  i t  i s  not  hori zon ta l  against the  board  
surface,  the  em issivi ty cannot be  ad j usted  un less  the  en ti re  board  i s  coated  wi th  b lack body 
spray.  Even  i f the  board  can  be  coated ,  the  i n frared  thermograph  wi l l  be  focused  on  the  
surface  hotspot  wh ich  i s  hotter than  the  term inal  part.  Therefore,  i t  wou ld  be  d i fficu l t  to  

i denti fy the  term inal  part  from  the  temperature  d istribu tion  images.  I f R th  shs-t  i s  provided  at  

th is  poin t,  the  e lectric/electron ic  device  designers  can  pred ict  the  term inal  temperature  from  
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the  surface  hotspot temperature  Tshs  wh ich  is  eas ier to  measure  s i nce  i t  i s  focused  in  the  

thermal  d is tribu tion  image of the  in frared  thermograph .  Th is  wou ld  he lp  define  wh ich  res istor 
fi l l et  needs  to  be  measured  wi th  the  thermocouple.  

However,  the  i n frared  thermograph  that the  e lectric/electron ic  device  designers  normal l y use  
cannot measure  the  correct Tshs  because  i t  does  not have  the  su fficient spatia l  resolu tion .  
The  method  of estimating  the  term inal  part  temperature  us ing  the  i n frared  thermograph  wi l l  be  
expla ined  i n  Annex I .  

I f the  determ ination  of whether the  res istor can  be  used  or not i s  poss ible  by the  surface  
hotspot temperature  Tshs  and  power l im i tation  of some kind ,  the  subm iss ion  of R th  shs  to  the  
e lectric/e lectron ic  device  designers  wou ld  be  necessary.  Th is  means  estimating  the  surface  
hotspot temperature  under the  operating  cond i ti on  i ns ide  the  device.  As  mentioned  before,  the  
surface  hotspot temperature  of the  res istor i ns ide  the  chass is  cannot be  measured  by the  
i n frared  thermograph.  I f Rth  shs  i s  provided ,  Tshs  can  be  derived  from  Formu la  (F . 3)  by 
measuring  the  term inal  part  temperature  Tt  wi th  the  thermocouple.  
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Annex G  
(informative)  

 
How to measure the  surface hotspot temperature  

G.1  Target of the measurement 

The mean ing  of measuring  the  surface  hotspot temperature  i s  main l y to  measure  the  thermal  
res istance  of the  res istor,  R th  shs-t.  

Of course,  i f the  determ ination  of whether the  resistor can  be  used  or not i s  poss ible  by the  
surface  hotspot temperature  and  the  appl i ed  power,  the  measurement of the  surface  hotspot  
temperature  wou ld  be  to  define  the  use,  bu t,  as  mentioned  in  th is  annex,  when  us ing  the  
i n frared  thermograph  and  d i rectl y measuring  the  temperature,  the  l ens  magn i fication  
percentage  and  the  peak detection  capabi l i ty needs  atten tion .  

G.2  Recommended  measuring  equipment 

Basical l y,  an  i n frared  thermograph  i s  recommended  for measuring  the  surface  hotspot.  But by 
us ing  the  u l tra-fine  thermocouple  wi th  a  specia l  wi re  d iameter of 25  μm ,  or an  u l tra-th in  
thermocouple  wi th  a  th ickness  of 20  μm  (for example  manufactured  by ANBE SMT Co. 1 ) ,  the  
hotspots  wi th  the  s i ze  around  1 00  μm  i n  d iameter can  be  measured  wi th  a  comparativel y fine  
precis ion .  

G.3 Points  to  be careful  when  measuring  the  surface hotspot of the resistor 
with  an  infrared  thermograph  

G.3.1  General  

The deta i l s  of basic precau tions  and  poin ts  when  us ing  the  i n frared  thermograph ,  such  as  
fi tti ng  the  em issivi ty and  ad j usti ng  the  focus  correctl y,  are  not  stated  i n  th is  annex.  

However,  the  method  of coating  the  res istor surface  wi th  b lack-body coating  whose  em issivi ty 
i s  a l ready known  i s  recommended  for the  ad justment of the  em issivi ty i n stead  of measuring  
the  su rface  em issivi ty of the  resistor and  entering  the  value  i n  the  in frared  thermograph .  The  
surface  of SMD resistors  are  a l ready coated  wi th  i nsu lators ,  so  the  em iss ivi ty i s  over 0, 8  i n  
the  fi rst p lace.  So,  i f the  em issivi ty i s  ra ised  up  to  0, 98  by the  b lack-body coating ,  the  heat 
flow that i s  rad iated  from  the  res istor surface  in to  the  atmosphere  is  very smal l  even  for the  
RR6332M  wi th  a  l arge  area  as  shown  in  the  fol lowing  formu la.  There  wi l l  be  no  l arge  
measuring  errors  for most cases.  I n  fact,  when  the  b lack-body spray i s  not  used ,  the  risk of 
m istaking  the  measurement of em issivi ty wi l l  be  l arger.  

Prem ise  of ca lcu lation :  

•  ambien t temperature  25  °C,  

•  su rface  temperature  of resistor 1 25  °C,  

•  surface  area  of res istor 0 , 006  3  m  ×  0 , 003  2  m  

Rad iation  heat  fl ow when ,  

(Em issivi ty 0, 80)  =  0 , 80  ×  5 , 67  ×  1 0−8  ×  {(1 25  +  273, 1 5)4  −  (25  +  273, 1 5)4}  ≈  0 , 01 5  8  W 

_____________ 

1   Th i s  i n formation  i s  g i ven  for the  conven ience  of users  of th i s  document  and  does  not  consti tu te  an  endorsement  
by I EC of the  product  named .  Equ ivalent  products  may be  used  i f they can  be  shown  to  l ead  to  the  same  resu l ts .  
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(Em issivi ty 0, 98)  =  0 , 98  ×  5 , 67  ×  1 0−8  ×  {(1 25  +  273, 1 5)4  −  (25  +  273, 1 5)4}  ≈  0 , 01 9   3  W  

where,  5 , 67  ×  1 0−8  W/(m2  K4)  i s  the  Stefan -Bol tzmann  constant.  

The  d i fference  between  heat d iss ipation  heat  fl ow when  the  em issivi ty i s  0 , 98  and  0 , 80  works 
ou t to  be  0, 003   5  W.  

The  error that i s  caused  by the  spatia l  resolu tion  and  ang le  between  the  measured  surface  
and  the  l i ght  axis  of the  l ens,  wh ich  are  easi l y-overlooked  when  us ing  the  i n frared  
thermograph ,  wi l l  be  men tioned .  

G.3.2  Spatial  resolution  and  accuracy of peak temperature  measurement  

The  false  perceptions  that many users  have  abou t the  spatial  resolu tion  of the  i n frared  
thermograph  wi l l  be  cons idered .  The  standard  l enses  that come wi th  a  general  i n frared  
thermograph  have  a  magn i fication  showing  a  square  of 200  ×  200  μm  as  1  p ixe l ,  even  for 
re lati ve l y h i gh-spec products.  Hotspots  that are  smal ler than  1 00  μm  for smal l  s i ze  SMD  
resistors  are  pred ictable.  Therefore,  i t  i s  necessary to  exchange  the  standard  lenses  wi th  
optional  close-up  magn i fication  lenses  to  measure  the  surface  hotspot temperature  of smal l -
s i ze  SMD  res istors.  

The  magn i fication  percentage  of the  close-up  magn i fication  l ens  is  usual l y i nd icated  as  how 
many μm  is  shown  as  1  p ixel .  For example,  a  l ens  that wi l l  show 25  ×  25  μm  as  1  p ixel  wi l l  be  
cal led  the  25-μm  l ens.  And  a  l ens  that wi l l  show  1 00  ×  1 00  μm  as  1  p ixel  wi l l  be  cal l ed  the  
1 00-μm  lens.  

A common  m istake  i s  when  i t  i s  though t that the  peak of the  surface  hotspot temperature  that  
i s  on l y around  1 00  μm  in  d iameter can  be  measured  correctl y  when  the  1 00-μm  lens  is  used .  
Figu re  G . 1  shows  the  RR1 608M  th ick fi lm  res istor wi th  0 , 25  W  appl ied ,  and  the  res istor and  
the  pattern  surface  temperature  rise  is  actual l y measured  by the  i n frared  thermograph  
equ ipped  wi th  l enses  of various  magn i fication  percentages.  Large  power compared  to  the  s i ze  
i s  appl i ed  to  the  res istor,  bu t th is  i s  to  defi ne  the  d i fference.  However,  i t  i s  obvious  that the  
ra is ing  of rated  power i n  the  near fu ture  wou ld  make th is  problem  become more  or l ess  
certa in .  
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A SMD res i stor 

B  Pattern  

C  Surface  hotspot  

T
r  Temperatu re  ri se  of each  part  

Figure  G .1  – Di fference  of the  measured  hotspot  
temperature  caused  by the  spatial  resolu tion  

By cross-checking  wi th  the  resu l t  of the  s imu lation  us ing  the  fin i te  e lement method ,  a  
poss ib i l i ty was  found  that the  surface  hotspot  peak temperature  of the  resistor in  F i gure  G . 1  
cannot be  measured  even  when  the  25-μm  lens  is  used .  Bu t the  supposed  error i s  under 1  °C  
so,  the  value  measured  wi th  the  25-μm  lens  wi l l  be  considered  as  the  true  va lue  i n  th is  annex.  

F igure  G . 1  shows that the  peak value  measured  wi th  the  1 00-μm  lens  i s  cons iderabl y low 
compared  wi th  the  average  of the  four poin ts  measured  by the  25-μm  l ens  i n  the  same area  
measured  wi th  the  1 00-μm  lens .  A s im i lar trend  can  be  seen  wi th  the  values  measured  wi th  
the  200-μm  l ens  and  the  1 00-μm  l ens.  Th is  phenomenon  i s  caused  by the  i n fl uence of the  
MTF  (modu lation  transfer function)  of the  i n frared  thermograph .  I n  other words,  i t  i s  the  
degradation  of the  h i gh-frequency component of the  spatial  frequency.  

General l y,  the  clear gu idel ine  that  defines  what magn i fication  percentage  lens  i s  su i table  for 
measuring  the  peak temperature  accord ing  to  the  area  is  not  provided  by the  i n frared  
thermograph  manufacturer.  However,  from  in terview,  document i nvesti gation  and  independent 
research ,  when  the  target area  i s  presumed  to  be  a  square,  i t  has  become clear that  the  l ens  
needs  to  have  the  abi l i ty to  en large  1 /3  to  1 /4  of the  target l eng th  as  one  p ixel .  I t  means  that  i f 
the  surface  hotspot i s  a  square  of 1 00  ×  1 00  μm ,  then  a  25-μm  l ens  to  33-μm  l ens  shou ld  be  
used  to  measure  the  peak temperature  of the  surface  hotspot of the  res istor.  

As  for an  SMD  cyl i ndrical  res istor wi th  sp i ral  trimming ,  the  power deposi ti on  wou ld  be  made  at  
both  edges  of the  spi ra l  trimm ing .  The  hotspot wou ld  be  establ ished  broad ly i n  the  cen tre  part 
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of the  res istive  e lement,  so  i t  cou ld  be  measured  qu i te  accuratel y wi th  a  re lati vel y l ow spatial  
resolu tion  l ens  (about 1 /3  of the  d iameter) .  

The  important poin t for the  res istor manufactu rer i s  to  correctl y understand  the  s ize  of the  
surface  hotspot  of the ir products  and  veri fy that the  thermograph  used  for the  measurement 
has  the  sufficient  spatia l  resolu tion  to  catch  the  peak of the  surface  hotspot temperature.  I f 
th is  fa i l s ,  i t  wi l l  mean  that e lectric/e lectron ic  device  designers  may be  provided  wi th  i ncorrect  
i n formation .  

Add i ti onal l y,  e l ectric/e lectron ic device  des igners  need  to  understand  the  spatia l  resolu tion  of 
the  thermograph  and  the  accuracy of the  peak temperature  measurement.  

The  veri fication  method  of the  spatia l  resolu tion  of the  thermograph  and  the  accuracy of the  
peak measurement wi l l  be  mentioned  in  Annex L.  

G.3.3  Influence of the  ang le  of the  measurement target normal  l ine  and  the i nfrared  
thermograph  l ight axis  

The error caused  by the  ang le  of the  optical  axi s  and  the  target surface  wi l l  be  expla ined .  
Essen tia l l y,  the  l i gh t axis  of the  l ens  shou ld  be  set  vertical l y against  the  temperature  
measurement su rface,  bu t  not a l l  cond i ti ons  a l low that.  Add i ti onal l y,  i t  i s  necessary to  fi gure  
ou t the  l im i t of the  ti l t  for wh ich  the  error cou ld  be  i gnored .  Th is  i s  the  bas ic  i n formation  that i s  
needed  for the  measurement.  

The  measurement system  for the  error caused  by the  ang le  of the  optica l  axis  and  the  target 
surface  wi l l  be  shown  i n  F igure  G . 2 .  Three  copper b locks  wi l l  be  set on  the  hot p late  that i s  
heated  to  1 00  °C.  The  top  surface  of the  b locks  at both  ends  wi l l  be  set so  that the  l i ght axis  
of the  lens  fi ts  the  normal  l ine.  The  top  surface  of the  cen tre  block wi l l  be  set  wi th  a  speci fic  
ang le  against the  other two  b locks.  I n  th is  test  system ,  the  top  surface  of the  b locks  at  both  
ends  wi l l  be  cal led  the  horizon tal  surface,  and  the  top  surface  of the  cen tre  b lock wi l l  be  
cal l ed  the  s lope  face.  The  heat conductivi ty of the  copper i s  very h igh  and  i t  i s  400  W/(m · K).  
Pressure  i s  appl i ed  to  the  three  copper b locks  from  both  s i des  so  they are  ri g id l y l i nked  
thermal l y.  Al l  three  copper b locks  wi l l  be  at 1 00  °C,  wh ich  i s  the  same temperature  as  the  
hotplate.  The  important part i s  that there  i s  no  temperature  d i fference  between  the  horizon tal  
surface  and  the  s lope  su rface  where  i t  i s  the  area  that wi l l  be  measured  by the  thermograph .  
When  the  horizon tal  surface  and  the  s l ope  surface  i s  measured  by the  i n frared  thermograph  
beyond  the  boundary l i ne,  essentia l l y i t  shou ld  be  measuring  the  same temperature,  bu t the  
d i fference  i n  the  centre  s l ope  surface  wi l l  be  larger as  the  ang le  gets  l arger.  Th is  i s  the  error 
caused  by the  ang le  of the  optical  axis  and  the  target surface.  

The  25-μm ,  1 00-μm  and  200-μm  l enses  are  used .  Add i ti onal l y,  to  veri fy the  d i fference  of the  
zero  a i r fl ow cond i tion  and  the  convection  fl ow of hot a i r between  the  i n frared  thermograph  
and  the  target,  the  measurement test was  implemented  wi th  zero  a i rflow and  0 , 3  m /s  wind  
from  the  s ide  and  ven ti lated .  The  resu l ts  are  shown  i n  F igure  G .3  and  F igure  G .4 .  
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1  Copper b l ock (top  surface  i s  para l l e l )  

2  Hori zon tal  su rface  (orthogonal  face  to  the  l i gh t  axi s)  

3  Copper b l ock (top  su rface  i s  a  s l ope  face)  

4  S lope  face  ( i ncl i ned  face  against  the  l i gh t  axi s)  

5  Hotpl ate  (heat  up  to  1 00  °C)  

6  Measured  area  

7  Ang le  of the  s l ope  su rface  

8  I n frared  thermograph  

9  Li gh t  axi s  of the  i n frared  thermograph  l ens  

1 0  Pressure  to  contact each  copper b l ock 

1 1  D imension  of copper b l ock:  1 0  mm  

1 2  Dimension  of copper b l ock:  1 5  mm  

Figure G .2  – Measuring  system  for the  error caused  by the  ang le  
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γ  Ang le  of the  thermograph  l i gh t  axi s  to  the  normal  l i ne  over the  s l ope  su rface  

Figure G .3  – Error caused  by the  ang le  of the  optical  axis  
and  the target surface (natural  convection)  
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Figure G .4  – Error caused  by the  ang le  of the  optical  axis  
and  the  target surface (0, 3  m/s  air ven ti lation  from  the  s ide)  
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When  measuring  the  h i gh  em issivi ty and  rough  surface,  for example  the  surface  at wh ich  the  
em issivi ty i s  ad j usted  to  more  than  0 , 95  by a  b lack-body coating ,  as  l ong  as  the  ang le  of the  
l ens  axis  to  the  normal  l i ne  is  below 60° ,  there  wi l l  be  no  l arge  error.  

However,  when  measuring  a  surface  wi th  metal l ic  l ustre  ( l ow em issivi ty) ,  the  ang le  
dependency of the  measured  va lue  by the  i n frared  thermograph  wi l l  become very l arge,  so  
atten tion  is  needed .  For example,  when  the  em issivi ty of the  solder fi l l et  wi thout  any coating  
treatment i s  measured  and  the  va lue  i s  set  to  the  i n frared  thermograph ,  the  correct  
temperature  cannot be  measured  un less  the  l i ght  axis  of the  l ens  on  the  thermograph  i s  
vertica l  against the  target surface.  
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Annex H  
(informative)  

 
How the  resistor manufacturers  measure 

the  thermal  resistance of resistors  

H .1  The measuring  system  

The thermal  res istance  of the  res istor R th  shs-t  i s  expla ined  i n  Annex F .  I t  i s  the  temperature  

d i fference between  the  surface  hotspot and  the  term inal  part d i vi ded  by the  power appl ied  to  
the  res istor.  The  precau tion  for the  i n frared  thermograph  when  measuring  the  surface  hotspot  
temperature  i s  mentioned  in  Annex G .  I n  th is  annex,  the  method  of determ in ing  the  term inal  
part temperature  that  i s  used  to  calcu late  the  heat res istance  from  the  term inal  part to  the  
surface  hotspot,  wh ich  wi l l  be  provided  to  e lectric/electron ic  device  designers  by res istor 
manufacturers,  wi l l  be  s tated .  

F i rst,  the  temperature  d istribution  close  to  the  term inal  part  when  the  SMD  resistors  are  
mounted  on  a  s tandard  pri n ted  board  wi l l  be  shown .  Then ,  the  variation  of the  thermal  
res istance  from  the  surface  hotspot  to  the  term inal  part ca lcu lated  from  each  of the  measured  
temperatures  of the  term inal  parts  wi l l  be  shown.  From  these  two  poin ts ,  i t  wi l l  be  explained  
that  the  reproducib le  measurement of the  thermal  res istance  i s  d i fficu l t  when  moun ted  on  a  
prin ted  board .  The  temperature  d istribution  is  estimated  by us ing  the  fi n i te  e lemen t method  
s imu lator.  

Next,  a  reproducible  method  wi l l  be  veri fi ed  by using  the  fin i te  e lemen t method  s imu lator.  

The  fi na l  resu l ts  wi l l  be  shown  be low.  As  shown  i n  F igure  H . 1 ,  establ ish ing  the  measurement 
system  wi l l  be  necessary.  Solder the  SMD  resistor as  i t  connects  the  two  copper rectangu lar 
cuboid  e lectrodes  (from  here  on  "copper b lock")  wh ich  are  at  l east 1 0  mm  long  on  one  s ide.  
Then  set the  under su rface  of the  copper b lock to  a  constant temperature  and  appl y vol tage  
between  the  two  copper b locks  and  appl y power to  the  res istor.  The  copper b lock surface  
temperature  that i s  wi th in  3  mm  from  the  res istor fi l l et  i s  recommended  to  be  set  as  the  
term inal  part  temperature  Ttn  i n  order for the  resistor manufacturer to  calcu late  the  thermal  

res istance.  
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1  Rectangu l ar cuboid  copper b l ock wi th  square  1 0  mm  on  a  s i de  

2  I nsu lator wi th  good  heat  conduction  

3  Downside  of the  copper b l ock fi xed  to  a  certain  temperatu re  

4  Resistor 

5  Solder fi l l et  

6  Surface  hotspot  

Figure H . 1  – Measuring  system  for calcu lating  the  thermal   
resistance between  the  surface hotspot and  the  terminal  part  

Add i ti onal l y,  a long  wi th  the  SMD res istors,  the  copper b lock shou ld  a lso  be  coated  wi th  b lack-
body spray whose em iss ivi ty i s  cl ose  to  one,  and  measuring  the  hotspot and  the  term inal  part 
temperature  (copper b lock surface  temperature)  wi th  the  same in frared  thermograph  is  
recommended .  

H.2  Defin i tion  of the two kinds  of temperatures  

I n  th is  annex,  two  kinds  of temperature  used  i n  th is  report  wi l l  be  defined :  the  broad  sense  of 
the  term  temperature  Tn  and  the  narrow defin i tion  of the  term  temperature  Ttn .  From  here  on ,  
the  d i fference  between  Tn  and  Ttn  and  the  reason  why Ttn  was  in troduced  for use  as  the  
term inal  part temperatu re  when  calcu lating  the  thermal  res istance  between  the  surface  
hotspot and  the  term inal  part by the  resistor manufacturer wi l l  be  expla ined .  The  temperature  
d istribu tion  of the  boundary surface  of the  res istor and  the  board  (here  means  the  boundary of 
the  solder)  i s  not un i form  when  the  general  prin ted  board  wi th  th in  copper foi l  i s  used .  The  
example  of the  temperature  d istribu tion  estimated  by the  fi n i te  element method  s imu lation  i s  
shown  in  Table  H . 1 .  F igure  H . 2  is  a  model  used  i n  the  s imu lation .  The  target res istor i s  
RR201 2M  and  i t  i s  mounted  on  an  FR4  board  of 80  mm  ×  80  mm  and  1 , 6  mm  th ick.  The  
appl ied  power i s  0 , 25  W.  The  temperature  bounds  are  cooled  wi th  a  wind  speed  of 0 , 5  m /s  of 
25  °C  para l lel  to  the  board .  Three  cond i ti ons  of the  solderabi l i ty are  considered :  solder comes  
up  to  the  res istor's  top  surface  ( large  fi l let) ,  up  to  ha l f of the  he ight of the  res istor (med ium  
fi l l et)  and  up  to  a  quarter of the  height of the  res istor (smal l  fi l l et) .  The  solder th ickness  
underneath  the  term inal  of the  res i stor after mounting  i s  set  a t 20  μm .  The  fi l l et  ang le  i s  
presumed  to  be  45° .  The  non l i neari ty of the  phys ical  property i s  not  considered  i n  the  
s imu lation .  

IEC  

1  1  2  

3  3  

4  
5  

6  
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Key 

1  F l at  ch ip  res i storRR201 2M  

2  Solder fi l l et  

3  Copper pattern  

4  Pri n ted  board  (FR4)  

5  Res istor base  materia l  

6  Res istor term inal  

7  F i l l et  ang l e  45deg .  

8  F i l l et  (Large)  

9  F i l l et  (Med ium)  1 /2  of hei gh t  8  

1 0  F i l l et  (Smal l )  1 /4  of he igh t  8  

1 1  Area  for cal cu l ati ng  the  temperature  average  i ns i de  the  fi l l et  T
1 1
 

1 2  Temperatu re  of the  i ns i de  centre  part  of the  fi l l et  T
1 2
 

1 3  Temperatu re  of the  fi l l et  top  part  T
1 3
 

1 4  Temperatu re  of the  i ns i de  fi l l et  of the  centre  part  of the  res i stor  T
1 4
 

1 5  Temperatu re  of the  i ns i de  edge  of the  fi l l et  T
1 5
 

1 6  Temperatu re  of the  su rface  cen tre  part  of the  fi l l et  T
1 6
 

1 7  Temperatu re  of the  su rface  bottom  part  of the  fi l l et  T
1 7
 

1 8  Surface  hotspot  temperatu re  T
1 8
 (T

shs
)  

Figure H .2  – S imulation  model  
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Table  H . 1  – Resu lts  of the  fi l let part temperature  simu lation  (calcu lated  value)  

Pattern  
th ickness  

μm  

Pattern  
width  
mm 

Fi l l et  s i ze  

Calcu lated  temperature  
°C  

T
1 1
 T

1 2
 T

1 3
 T

1 4
 T

1 5
 T

1 6
 T

1 7
 

T
1 8
 

T
shs

 
T
1 8  

−  

T
1 2
 

35  

1 , 2  

Large  86, 7  86, 2  87, 5  87, 0  86, 2  86, 1  84 , 2  94, 6  8 , 34  

Med ium  87, 1  86, 9  88, 0  87, 8  86, 8  86, 7  85, 6  95, 7  8 , 84  

Smal l  87, 5  87, 1  87, 9  88, 1  87, 0  87, 0  86, 2  96, 2  9 , 1 1  

1 0  

Large  49, 7  49, 4  50, 6  50, 0  48, 9  49, 4  48, 2  57, 6  8 , 1 6  

Med ium  49, 9  49, 7  50, 8  50, 5  49, 1  49, 7  48, 9  58, 3  8 , 55  

Smal l  50 , 0  49, 9  50, 5  50, 7  49, 2  49, 8  49, 3  58, 7  8 , 78  

70  

1 , 2  

Large  72 , 4  72 , 0  73, 3  72, 5  71 , 9  72 , 0  70, 7  80, 3  8 , 30  

Med ium  72 , 4  72 , 2  73, 3  72, 9  72, 2  72 , 2  71 , 4  80, 9  8 , 72  

Smal l  72 , 6  72 , 3  73, 0  73, 0  72, 2  72 , 2  71 , 8  81 , 2  8 , 95  

1 0  

Large  44, 3  44, 0  45, 3  44, 5  43, 7  44, 1  43, 3  52 , 2  8 , 1 8  

Med ium  44, 3  44, 1  45, 2  44, 7  43, 8  44, 2  43, 6  52 , 7  8 , 55  

Smal l  44 , 3  44, 2  44, 8  44, 8  43, 8  44, 2  43, 8  52 , 9  8 , 74  

 

The temperature  measurement pos i ti ons  in  Table  H . 1  are  where  the  symbols  are  shown  i n  
F igu re  H . 2 .  Hereafter,  the  two-d ig i t  numbers  ind icating  the  posi ti on  wi l l  mean  the  numbers  
shown  i n  F igure  H . 2 .  The  measurement posi ti ons  1 3 ,  1 6  and  1 7  of Table  H . 1  i s  the  top,  
m idd le  and  bottom  of the  fi l let  s lope,  so  the  temperature  can  be  measured  d i rectl y wi th  the  
thermocouple,  bu t  i t  i s  impossib le  for the  other posi ti ons  to  be  measured  from  a  practica l  poin t  
of view.  "1 8  −  1 2"  wi l l  mean  the  temperature  d i fference between  the  surface  hotspot and  the  
cen tre  part  i ns ide  the  solder fi l l et.  

As  shown  i n  Table  H . 1 ,  th is  i s  important  because  the  temperature  of the  centre  part i ns ide  the  
solder fi l l et  1 2  and  the  cen tre  part surface  of the  fi l l et  1 6  are  re lati vel y close.  As  shown  i n  
F igure  H .4 ,  i t  i s  estimated  that many SMD  resistors  have  these  trends.  Therefore,  the  basic  
measurement pos i ti on  of the  term inal  part  temperature  for SMD  resistors  moun ted  on  the  
prin ted  board  i s  set  at  the  centre  of the  fi l l et.  

– Maximum/m in imum  measured  temperature  values ,  pattern  th icknesses  and  pattern  wid ths  
of the  measurable  posi ti ons  1 3,  1 6  and  1 7  can  be  organ ised  as  shown  in  Table  H . 2 .  The  
temperature  measurement pos i tion  i n  Table  H . 2  i s  the  symbol  shown  i n  F igu re  H .2 .  The  
d i fference  between  the  maximum  and  the  m in imum  means  the  maximum  value  of T1 3 ,  T1 6 ,  
or  T1 7  m inus  the  m in imum  va lue  of T1 3 ,  T1 6 ,  or T1 7 ,  so  the  m in imum  value  of the  
temperature  rise  equals  the  m in imum  value  of T1 3 ,  T1 6 ,  or T1 7  m inus  the  ambient 
temperature  of 25  °C  wh ich  is  presumed  i n  the  s imu lation .  

Table  H .2  – S imu lation  resu l t  of the  fi l l et  part's  temperature  
where  i t  i s  measurable  (calcu lated  value)  

Pattern  
th ickness  

Pattern  width  Max.  (T
1 3
,  T

1 6
,  T

1 7
)  M in .  (T

1 3
,  T

1 6
,  T

1 7
)  

Di fference  
between  max.  

and  m in .  

Temperature   
ri se  m in .  

μm  mm  °C  °C  °C  °C  

35  
1 , 2  88, 0  84, 2  3 , 8  59, 2  

1 0  50, 8  48, 2  2 , 6  23, 2  

70  
1 , 2  73, 3  70, 7  2 , 6  45, 7  

1 0  45, 3  43, 3  2 , 0  1 8, 3  
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H.3  Errors  in  the  measurement 

I f on l y measuring  the  term inal  part  temperature  from  the  comparison  of the  d i fference  
between  the  maximum  and  m in imum  temperatures,  no  matter wh ich  of the  pos i ti ons  1 3 ,  1 6,  or 
1 7  i t  i s ,  and  even  regard less  of the  fi l l et  s i ze,  there  wi l l  be  no  error that wou ld  be  a  practical  
i ssue.  

However,  suppose  the  surface  hotspot temperature  cou ld  be  measured  by some kind  of 
method .  Then ,  measure  the  fi l l et  temperature  and  then  subtract i t  from  the  surface  hotspot 
temperature  and  d i vide  by the  appl ied  power,  0 , 25  W,  and  calcu late  the  thermal  res istance  of 
the  surface  hotspot  to  the  term inal  part temperature.  I n  th is  case,  the  measured  temperature  
error of the  fi l let measuring  posi ti on  wi l l  cause  a  large  error to  the  calcu lated  thermal  
res istance  va lue.  

Subtract each  basic temperature  measurement pos i tion  temperature  from  the  hotspot 
temperature  of measurement posi tion  1 8  i n  Table  H . 1 .  Then  d ivi de  th is  by the  appl ied  power 
0, 25  W.  Th is  wi l l  be  the  thermal  res istance  between  the  surface  hotspot and  each  bas ic  
temperature  measurement pos i ti on  as  shown  i n  Table  H . 3.  The  thermal  res istance  section  of 
"1 8  −  x"  shown  i n  Table  H .3  is  the  thermal  res istance  ca lcu lated  by subtracting  the  
temperature  of the  measurement pos i ti on  x  from  the  measurement posi tion  1 8  (surface  
hotspot)  and  d i vid ing  i t  by the  appl ied  power 0 , 25  W.  The  measuring  pos i ti on  x  i s  i ns ide  the  

cen tre  of fi l let  1 2 ,  and  the  top,  m idd le  and  bottom  on  the  s lope  of the  fi l l ets  1 3,  1 6 ,  and  1 7 .  

The  percentage  error calcu lated  from  the  thermal  res istance  " 1 8  −  1 2"  as  the  true  value  i n  
Table  H . 3  means  l i teral l y that the  thermal  res istance  calcu lated  from  "1 8  −  1 2"  i s  the  true  
value,  and  the  d i fferences  between  the  surface  hotspots  and  the  thermal  res istances  of each  
of the  measurement pos i ti ons  1 3 ,  1 6  and  1 7  are  expressed  as  percentages.  

Table  H .3  – S imu lation  resu l t  of the  fi l l et  part's  temperature  
where  i t  i s  measurable  (calcu lated  value)  

Pattern  
th ickness  

 μm  

Pattern  
width  
mm  

F i l l et  s i ze  

Thermal  resistance  
K/W  

Error when  1 8−1 2  i s  
supposed  to  be  the  true  

value  % 

1 8−1 2  1 8−1 3  1 8−1 6  1 8−1 7  1 8−1 3  1 8−1 6  1 8−1 7  

35  

1 , 2  

Large  33, 36  28, 4  34, 0  41 , 6  −1 5, 22  2 , 24  24, 1 4  

Med ium  35, 36  30, 8  36, 0  40, 4  −1 3, 06  1 , 42  1 4, 73  

Smal l  36, 46  33, 2  36, 8  40, 0  −8, 29  1 , 51  9 , 65  

1 0  

Large  32, 62  28, 0  32 , 8  37, 6  −1 4, 48  0 , 98  1 4, 72  

Med ium  34, 21  30, 0  34, 4  37, 6  −1 1 , 94  0 , 69  9 , 87  

Smal l  35, 1 1  32 , 8  35, 6  37, 6  −7, 55  0 , 81  6 , 64  

70  

1 , 2  

Large  33, 20  28, 0  33, 2  38, 4  −1 5, 74  0 , 1 3  1 5, 1 5  

Med ium  34, 89  30, 4  34, 8  38, 0  −1 2 , 86  0 , 1 1  9 , 1 2  

Smal l  35, 79  32 , 8  36, 0  37, 6  −7, 95  0 , 53  5, 87  

1 0  

Large  32, 72  27, 6  32 , 4  35, 6  −1 5, 34  −0, 85  8 , 97  

Med ium  34, 1 9  30, 0  34, 0  36, 4  −1 2 , 20  −0, 41  6 , 02  

Smal l  34 , 95  32 , 4  34, 8  36, 4  −7, 38  0 , 22  4 , 1 8  

 

From  Table  H . 3,  when  the  measured  pos i tion  of the  term inal  part temperature  i s  presumed  to  
be  1 6  (centre  of fi l l et) ,  then  the  calcu lated  thermal  res istance  becomes re lati ve l y stable.  
However,  i f the  measured  pos i tion  i s  d isplaced  to  the  top  part  of fi l l et  1 3,  or to  the  l ower part  
of fi l l et  1 7 ,  the  thermal  res istance  changes  g reatl y.  Therefore,  i f the  res istor i ndustry defined  
that the  term inal  part temperature  for measuring  the  thermal  res istance  i s  that at the  cen tre  of 
the  fi l l et,  there  wi l l  be  some problems wi th  reproducibi l i ty.  
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To  improve  the  reproducibi l i ty of the  measurement of the  thermal  resistance,  the  method  of 
d i rectl y soldering  the  SMD res istor onto  the  copper b lock,  wh ich  has  very h i gh  heat 
conductivi ty as  shown  in  Table  H . 1 ,  and  forcib l y fixi ng  the  term inal  part  temperature  of the  
res istor to  the  copper b lock temperature ,  has  been  suggested  from  the  earl y times.  

The  s imu lation  of the  method  shown  i n  F igure  H . 1  was  veri fi ed  to  see  how stable  the  
measured  value  wou ld  be  compared  wi th  mounting  on  the  prin ted  board .  The  s imu lation  
model  i s  F igure  H . 1  i n  i ts  enti rety,  i n  wh ich  the  pri n ted  board  shown  i n  F igure  H . 2  i s  changed  
to  a  copper b lock.  As  for the  envi ronmental  cond i tions,  the  under surface  of the  copper b lock 
is  set  at  0  °C.  I f the  copper b lock i s  set  at  25  °C,  then  the  temperature  absolu te  value  of the  
simu lation  resu l t  j ust  sh i fts  by 25  °C  and  the  resu l ts  of the  thermal  res istance  wi l l  not  change.  
The standard  th ickness  of the  solder under the  term inal  of the  res istor i s  20  μm ,  bu t  
s imu lations  for the  extremely th ick,  50  μm ,  and  extremely th i n ,  5  μm ,  are  implemented  as  wel l .  

The  resu l t of the  s imu lation  i s  shown  i n  F igure  H . 3  and  Table  H . 4 .  

F i gure  H .3  shows the  temperature  d istribution  of the  top  surface  of the  copper b lock when  the  
solder th ickness  under the  res istor term inal  i s  20  μm .  Even  though  i t  i s  a  copper block,  the  
temperature  does  not become complete l y un i form :  the  temperature  underneath  the  term inal  of 
the  res istor i s  l ess  than  0, 5  °C,  bu t i t  i s  s ti l l  h i gher than  the  rest of the  block.  Bu t,  when  
defin ing  some kind  of a  base  l evel  for term inal  part temperatures  when  measuring  the  thermal  
res istance  between  the  surface  hotspot  and  term inal  part,  the  surface  of the  copper b lock 
wou ld  be  rea l istic  and  appropriate.  

 
 

(a)  Copper block (b)  Temperature  d i stribu tion  

Key 

1  SMD  resi stor 

2  Copper b l ock  

3  Underneath  the  term inal  

4  F i l l et  

T Temperatu re  on  the  chai n  l i ne  of the  copper b l ock  

Posi ti on  Posi ti on  on  the  cha in  l i ne  

Large  F i l l et  s i ze  l arge,  fi l l et  top  reaches  the  term inal  top  surface  

M idd le  F i l l et  s i ze  med ium ,  F i l l et  top  reaches  up  to1 /2  of the  term inal  

Smal l  F i l l et  s i ze  smal l ,  F i l l et  reaches  up  to  1 /4  of the  term inal  

Figure H .3  – Temperature  d istribution  of the  copper block surface  (calcu lated)  
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Table  H .4 – Thermal  resistance simulation  resu l ts  between  the surface  hotspot  and  the  
terminal  part  based  on  the  copper block temperature  (calcu lated  value)  

Solder 
th ickness  

(μm )  

F i l l et  
S i ze  

Temperature  Thermal  resistance  

T
shs  

°C  

T
1 2
 

°C  

R
th  shs-1 2  

K/W  

R
th  shs-Cu  

K/W  

R
th  shs-Cu  

%  
Notes  

5  

Large  8 , 43  0 , 249  32 , 74  33, 73  −4, 83   

Med ium  8, 75  0 , 262  33, 96  35, 01  −1 , 22   

Smal l  8 , 91  0 , 267  34, 58  35, 65  0 , 58   

20  

Large  8 , 52  0 , 294  32 , 92  34, 09  −3, 81   

Med ium  8, 86  0 , 31 5  34, 1 8  35, 44  0 , 00  S tandard  of d i fference  

Smal l  9 , 04  0 , 324  34, 86  36, 1 6  2 , 01   

50  

Large  8 , 66  0 , 385  33, 1 2  34, 66  −2, 22   

Med ium  9, 04  0 , 423  34, 46  36, 1 6  2 , 01   

Smal l  9 , 24  0 , 442  35, 1 8  36, 95  4 , 24   

 

Tshs  i n  Table  H . 4  is  the  surface  hotspot temperature  and  "1 2"  i s  the  same code  i nd icated  i n  
F igure  H . 2  and  i t  i s  the  temperature  of the  centre  part i ns ide  the  fi l l et.  R th  shs-1 2  i s  the  thermal  
res istance  of the  surface  hotspot to  the  term inal  part.  Th is  i s  ca lcu lated  from  the  temperature  
of the  centre  part  ins ide  the  solder fi l l et as  the  term inal  part  temperature.  R th  shs-Cu  i s  the  
thermal  resistance  of the  surface  hotspot  to  the  term inal  part.  Th is  i s  ca lcu lated  from  the  
copper b lock temperature  as  0  °C  as  the  term inal  part temperature.  R th  shs-1 2  and  R th  shs-Cu  

can  be  said  to  have  very close  va lues.  

"R th  shs-Cu  d i fference"  is  the  change expressed  i n  percen tage  ca lcu lated  from  the  assumed  
bas is ,  wh ich  i s  solder th ickness  20  μm ,  solderabi l i ty med ium  cond i ti on ,  R th  shs-Cu  for other 

solder th ickness  or fi l let cond i ti on .  

I n  the  fo l l owing  explanation ,  the  numbers  1 8 ,  1 3,  1 6 ,  and  1 7  are  the  same numbers  used  i n  
F igure  H . 2 .  1 8  i s  the  res istor surface  hotspot;  1 3 ,  1 6 ,  and  1 7  are  top,  m idd le  and  bottom  of 
the  fi l l et surface,  respectivel y.  

The  thermal  resistance  R th  shs-Cu  obta ined  from  the  temperature  of the  copper b lock as  the  
term inal  part temperature  has  a  value  close  to  the  thermal  res istance  "1 8  −  1 6"  ca lcu lated  
from  the  temperature  of the  centre  part of the  solder fi l l et  i n  Table  H . 3  as  the  term inal  part 
temperature.  The  s imu lation  was  implemented  for the  res istor s ize  RR201 2M ,  bu t the  same  
trend  can  be  seen  more  or l ess  for the  other s i zes.  

The  reason  is  that  the  term inal  part temperature  (cen tre  of the  fi l l et  su rface)  used  to  calcu late  
the  thermal  res istance  "1 8  −  1 6"  i n  Table  H . 3  wi l l  become the  same temperature  j ust  
underneath  the  res istor term inal  as  seen  i n  the  example  shown  i n  F igure  H . 4  when  the  
isothermal  l i ne  is  cons idered .  I t  i s  estimated  that,  when  the  copper b lock method  i s  used ,  the  
temperature  j ust  underneath  the  res istor term inal  wi l l  be  forcib l y fixed  to  a  certa in  value  from  
the  excel l ent  heat  conduction  of the  copper b lock.  

However,  not a l l  the  thermal  res istance  R th  shs-Cu  ca lcu lated  from  the  copper b lock surface  i s  

conformable  wi th  the  thermal  res istance  " 1 8  −  1 6"  based  on  the  cen tre  of the  fi l l et  that i s  
mounted  on  the  general  prin ted  board .  Bu t even  i f they are  not  conformable,  the  purpose  of 
measuring  the  posi tion  1 6  (cen tre  part of the  solder fi l l et)  that i s  mounted  on  the  prin ted  board ,  
as  shown  in  F igure  H . 2,  i s  to  veri fy what the  temperature  of the  term inal  part  i s .  Therefore,  in  
th is  use,  a  certa in  amount of error wou ld  be  no  problem .  

F igure  H . 4  i s  one  of the  resu l ts  of the  s imu lation  models  of F igure  H .2 .  The  cond i tions  are  
copper th ickness  35  μm ,  pattern  wid th  1 . 2  mm ,  and  wi th  large  solder fi l l et.  From  th is  resu l t,  
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the  detai l s  of the  temperature  d istribu tion  of the  solder fi l l et  can  be  observed .  The  dotted  l i ne  
i s  the  isothermal  l i ne  of 86  °C.  I t  can  be  observed  that  the  temperature  of the  cen tre  part  of 
the  fi l l et  surface  reflects  the  bottom  surface  of the  term inal  part.  

On  the  other hand ,  the  thermal  res istance  "1 8  −  1 7"  has  set  the  term inal  part  temperature  at 
the  poin t  very close  to  the  hotspot of the  res istor,  so  the  calcu lated  va lue  i s  re lati ve l y l ow.  And  
the  thermal  res istance  "1 8  −  1 7"  has  set  the  term inal  part  temperature  at  the  poin t far from  the  
hotspot of the  res istor,  so  the  measured  value  is  relati ve l y h igh .  

 

Key 

1 2  I ns i de  cen tre  part  of the  fi l l et  T
1 2
 =  86, 2  °C  

1 3  Top  part  of fi l l et   T
1 3
 =  87, 5  °C  

1 6  Centre  part  of fi l l et   T
1 6
 =  86, 1  °C  

1 7  Bottom  part  of fi l l et   T
1 7
 =  84 , 2  °C  

1 8  Surface  hotspot   T
1 8
 =  94 , 6  °C  

Figure H .4 – I sothermal  l i ne  of the  fi l let  part (calcu lated)  

I n  F igure  H . 3,  there  i s  temperature  d istribu tion  on  the  copper su rface ,  bu t the  heat conduction  
of the  th ick copper block i s  extremely h igh ,  so  the  d i fference wou ld  be  on l y a  s ing le  d ig i t  
compared  wi th  the  d i fference  between  1 6  and  1 7 ,  so  they can  be  i gnored .  

By referri ng  the  resu l ts  obtained  in  the  s imu lation  of F igure  H .3 ,  setting  the  measurement 
poin t  of the  copper block surface  temperature  at  2  mm  to  3  mm  from  the  fi l l et of the  target 
res istor wou ld  not be  of any practical  i ssue.  

The  poin t that needs  to  be  carefu l l y measured  is  when  the  method  for measuring  the  surface  
hotspot and  the  term inal  part  i s  d i fferent,  such  as  when  the  surface  hotspot of the  res istor i s  
measured  by an  i n frared  thermograph  and  the  term inal  part  i s  measured  by a  thermocouple.  
I n  th is  case,  fi rst,  both  of the  methods  shou ld  measure  the  target  wi th  the  same temperature,  
and  then  understand  the  offset  between  the  two  measurement methods.  After that,  the  offset  
caused  by the  d i fferent methods  shou ld  be  cancel led  when  calcu lating  the  d i fference between  
the  surface  hotspot and  the  term inal  part temperature.  To  skip  the  compl icated  procedures ,  
wh ich  can  be  the  cause  of the  error,  the  above-mentioned  surface  hotspot  of the  res istor and  
the  term inal  part temperature  is  recommended  to  be  measured  wi th  the  same in frared  
thermograph .  

Add i ti onal l y,  the  surface  of the  copper wi thou t any coating  has  a  very l ow em iss ivi ty,  so  
measuring  the  em iss ivi ty of the  copper and  entering  the  value  i n to  the  in frared  thermograph  
can  be  the  cause  of a  very l arge  error.  Therefore,  coating  wi th  the  b lack-body spray to  forcib l y 

1 6  

1 7  

1 3  

1 8  

1 2  
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fix the  em issivi ty before  measuring  the  copper su rface  temperature  is  necessary.  I t  i s  a l ready 
expla ined  i n  Annex G  bu t,  un less  the  temperatu re  of the  resistor becomes extremely h igh  
compared  to  the  ambien t temperature,  the  hotspot temperature  wi l l  not  be  l ow even  when  the  
b lack-body spray i s  coated  on  the  en ti re  resistor or the  fi l l et.  Therefore,  coating  the  resistor 
wi th  b lack-body spray un i form ly and  en ti re l y i s  recommended .  
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Annex I  
(informative)  

 
Measurement method  of the terminal  part 

temperature  of the  SMD resistors  

I . 1  Measuring  method  using  an  infrared  thermograph  

When  the  derating  curve  of the  res istor i s  based  on  the  term inal  part  temperature,  i t  i s  
necessary for the  e lectric/e lectron ic device  des igners  to  measure  the  term inal  part  of the  
res istors  i n  the  design ing  process  of thei r e l ectri c/electron ic  devices.  However,  i n  rea l i ty,  i t  
wou ld  be  imposs ib le  to  measure  a l l  the  temperatures  of the  res istors  by connecting  
thermocouples  to  every s ing le  term inal  s ince  they wou ld  be  one  of the  most-used  e lectron ic  
devices.  They need  to  d isti ngu ish  wh ich  fi l let of the  res istor needs  to  be  connected  to  the  
thermocouple  and  measured .  Th is  annex shows  e lectric/electron ic device  des igners  how to  
use  the  derating  curves  based  on  the  term inal  temperature  i n  thei r des ign  activi ties .  

An  i n frared  thermograph  has  some poin ts  to  be  aware  of,  such  as  the  fact that i t  can  on l y 
measure  the  temperature  where  i t  can  be  observed  d i rectl y,  the  need  to  consider the  spatia l  
resolu tion ,  and  the  need  to  ad j ust  the  em issivi ty.  However,  for the  use  of measuring  the  rough  
temperature  rise  of the  term inal  part when  the  prin ted  board  i s  not i ns ide  the  chass is  under 
operati ng  cond i tion  at the  step  of defi n ing  where  to  connect the  thermocouples,  the  i n frared  
thermograph  wou ld  be  the  fi rst  choice.  

The  surface  of the  SMD  resistor i s  general l y covered  wi th  i nsu lators  such  as  epoxy res in  and  
g lass.  The  em iss ivi ty of the  i nsu lator i s  usual l y around  0 , 85.  As  shown  in  F igure  F. 2,  wi th  the  
re lativel y l ow spatia l  resolu tion  of 200-μm  standard  lenses,  the  true  peak temperature  of the  
surface  hotspot cannot be  observed .  Usual l y,  the  i n termed iate  temperature  of the  true  peak 
and  the  term inal  part wi l l  be  observed  as  the  quas i -peak temperature.  I f e lectric/e lectron ic 
device  designers  can  presume the  d i fference between  the  quas i -peak temperature  and  the  
term inal  part  temperature  as  the  des ign  marg in ,  the  hotspot temperature  of the  res istor 
observed  by the  200-μm  lens  can  be  cons idered  as  the  term inal  part temperature.  For 
example,  using  the  200-μm  lens  i n  Figure  F . 2 ,  the  peak temperature  is  70  °C  and  the  term inal  
part temperature  is  55  °C,  so  the  1 5  K d i fference  may be  considered  as  a  marg in .  

General l y,  the  standard  l ens  of the  i n frared  thermograph  can  expand  the  area  of the  
correspond ing  one  p ixe l  of l i gh t receiving  element i n to  a  square  of 300  ×  300  μm  or 400  ×  
400  μm  and  so  on  by ad j usti ng  the  d is tance  of the  thermograph  and  target.  I f the  area  of one  
pixe l  i s  extended ,  the  observed  peak temperature  of the  res istor moves  closer to  the  term inal  
part  temperature.  I t  wi l l  be  poss ib le  to  read  the  hotspot temperature  observed  by the  i n frared  
thermograph  wi th  a  l ow spatia l  resolu tion  l ens  as  the  term inal  part temperature  i f th is  
behaviour i s  used .  However,  to  improve the  accuracy of the  i n frared  thermograph ,  the  
re lationsh ips  between  the  equ ivalent area  of the  p ixel  for the  l i gh t-receiving  e lement and  the  
peak temperature  of the  target SMD res istor and  the  term inal  part  temperature  need  to  be  
estimated  beforehand .  

When  the  em issivi ty of the  res istor i s  not  cl ear,  i t  can  be  set at  relati vel y h i gh  values,  such  as  
0, 9  or 0 , 95,  because  the  measured  temperature  wi l l  be  h igher than  the  actual  va lue  and  th is  
cou ld  be  the  des ign  marg ins  for the  equ ipment.  However,  i f an  excess ive  value  i s  set,  the  
marg ins  wi l l  become excessive,  so  i t  i s  preferable  to  set the  va lue  as  accuratel y as  poss ib le.  

I f the  board  wi th  the  devices  mounted  can  be  enti re l y coated  wi th  black-body sprays  and  a lso  
be  operated ,  i t  i s  poss ib le  to  use  an  i n frared  thermograph  and  d i rectl y measure  the  term inal  
part temperature  whose  l i gh t axis  of the  l ens  i s  wi th in  60° ,  as  explained  in  Annex G .  S ince  the  
solder fi l l et  i s  made  of metal  and  has  l ow em issivi ty,  i t  wi l l  be  i n fl uenced  l argel y by the  l i gh t 
axis  of the  lens  of an  i n frared  thermograph  and  the  target surface.  Therefore,  i f the  coating  
cannot be  implemented ,  d i rect measurement of the  solder fi l l et  by an  i n frared  thermograph  
wou ld  be  imposs ible.  



I EC TR 63091 :201 7  © I EC 201 7  – 89  – 

I .2  Measuring  method  using  the  thermocouple  

The basic  and  s imple  measurement of the  term inal  part temperature  i s  poss ib le  by us ing  an  
i n frared  thermograph  as  shown  i n  F igure  I . 1 .  Bu t  the  on l y method  to  d i rectl y measure  the  
term inal  part  of SMD  res istors  that cannot be  observed  from  the  ou ts ide  is  to  use  
thermocouples.  The  resistor manufacturers  wi l l  be  us ing  them  when  measuring  the  term inal  
part of the  res istor in  the  test chamber wh i le  i t  i s  tested .  E lectric/electron ic  device  designers  
wi l l  be  us ing  them  when  measuring  the  term inal  part temperature  of the  res istor wi th  smal l  
marg ins  wi th  the  board  set i ns ide  the  chassis  and  operated .  

When  measuring  the  temperature  of a  m icro  part  such  as  the  term inal  part  of the  RR201 2M  
resistor wi th  a  thermocouple,  the  presumable  l argest  con tributi ng  factor of an  error i s  the  
temperature  drop  of the  target  part caused  by the  thermocouple  behaving  l i ke  a  rad iator as  
seen  i n  F igure  I . 1 .  

 

Key 

1  to  4  Pos i ti on  

ptc Pos i ti on  where  the  thermocouple  i s  connected  

D
rad

 D i ss ipation  by rad iati on  

D
cv
 D i ss ipati on  by convection  

D
cd
 D i ss ipati on  by conduction  

T Temperatu re  

P  Posi ti on  

T
wotc

 Temperatu re  d i s tri bu tion  when  there  i s  no  thermocoupl e  

T
wtc

 Temperatu re  d i stri bu tion  when  there  i s  thermocouple  

T
t
 Temperatu re  of the  fi l l et  cen tre  part  wi thout  thermocouple  

T
t
’ Temperatu re  of the  fi l l et  cen tre  part  wi th  the  thermocouple  

∆T Temperatu re  d rop  by connecti ng  the  thermocoupl e  

Figure I . 1  – Temperature drop  caused  by the  attached  thermocouple  

IEC  

1  2  3  4  

Dcd  

1  3  p 

Tt  

Tt’ 

4  

Drad ,  Dcv  

Tt  
 

Tt’ 
 

∆T 

Twotc  

 

Twtc  

 

2  

1  2  3  4  

ptc 

ptc  

T 



 – 90  – I EC TR 63091 :201 7  © I EC 201 7  

The  term inal  part temperature  wi thou t the  thermocouple  wou ld  be  Tt ,  and  the  temperature  
drop  caused  by the  attachment of the  thermocouple  wou ld  be  ΔT.  Then ,  the  actual  
temperature  that  the  thermocouple  wi l l  measure  wou ld  be  Tt ’  =  Tt  –  ΔT.  I f ΔT can  be  estimated ,  
then  Tt  =  Tt ’  +  ΔT,  so  the  true  temperature  Tt  can  be  calcu lated .  However,  i f the  heat 
d issipation  effect of the  thermocouple  is  smal l  enough  and  Tt ’  >  ΔT,  then  the  temperature  drop  

caused  by the  thermocouple  cou ld  be  i gnored .  

I .3  Estimating  the error range of the temperature  measurement using  the 
thermal  resistance of the thermocouple  

I . 3. 1  General  

The thermal  res istance  of the  thermocouple  can  be  calcu lated .  There  are  several  methods  for 
ca lcu lati ng  the  thermal  res istance  of the  thermocouple.  Here,  the  calcu lated  resu l ts  wi l l  be  
used  to  estimate  the  range  of errors  of temperature  measurement by the  thermocouple.  

Many other devices  other than  the  target  res istor,  on  wh ich  the  term inal  i s  p lanned  to  be  
measured ,  are  mounted  on  the  prin ted  board  as  shown  i n  F igure  I . 2 .  

 

Key 

1  Target res i stor 

2  Measure  the  term inal  temperature  (cen tre  part  of the  fi l l et)  

3  I C  

4  Capaci tor (no  sel f-heati ng )  

5  Other res i stors  (wi th  se l f-heati ng )  

6  Sem iconductors  (wi th  sel f-heati ng )  

Figure I . 2  – Example  of the  printed  board  

The  re lationsh ip  between  the  heat generation  of each  device  mounted  on  the  pri n ted  board  
and  the  temperature  d istribution  can  be  cons idered  wi th  the  thermal  network as  seen   
i n  F igure  I . 3 .  Th is  thermal  network i s  not the  true  reproduction  of F igure  I . 2 .  I t  i s  on l y a  
cl ipped  out  image.  The  thermal  res istance  i s  shown  wi th  the  o ld  e lectric  res istor symbol  wh ich  
i s  s ti l l  often  used  in  the  heat-transfer eng ineering  fi el d .  
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R Resistor 

R
th  r

 I nner thermal  res i stance  of res i stor 

P
r
 Appl i ed  power to  the  res i stor 

R
th  b

 Thermal  res i stance  of pri n ted  board  wi ri ng  and  base  material  

R
th  a

 Thermal  res i stance  from  the  pri n ted  board  to  the  atmosphere  

T
a
 Temperatu re  of the  atmosphere  

Poin t  T  Target term inal  part  of res i stor 

T
t
 Target term inal  part  temperatu re  

Figure I . 3  – Printed  board  shown  with  the  thermal  network 

Each  of the  thermal  res istances,  power and  temperatures  of the  atmosphere  i n  F igure  I . 3  are  
shown  wi th  the  same symbols,  bu t  have  d i fferent  values.  To  prevent  compl icati ons,  R th  a  and  
Ta  are  a l l  connected  to  the  con tact poin ts.  The  heat-generating  devices  other than  the  target  
resistors,  such  as  the  IC  and  FET,  are  i nd icated  wi th  the  res istance  symbols  s i nce  they do  not  
i n fl uence the  system  when  they are  replaced  wi th  res istors  as  shown  i n  F igure  I . 3.  

The  actual  thermal  network of the  e lectrica l  ci rcu i t  i s  a  l ot  more  compl icated  than  the  thermal  
network in  F igure  I . 3 .  Bu t when  reviewing  the  temperature  drop  of the  target  resistor term inal  
part when  i t  i s  connected  to  the  thermocouple,  i t  shou ld  be  able  to  show i n  a  s imple  d iagram  
as  shown  i n  F igure  I . 4 .  Th is  i s  the  resu l t  of applying  Norton 's  theorem  used  in  the  e lectrical  
ci rcu i t fie ld  to  the  thermal  network.  The  thermal  resistance  of each  part,  wh ich  consti tu tes  the  
thermal  network,  shows  non l ineari ty from  the  dependence to  temperature.  Therefore,  i t  on l y 
works  ou t i n  narrow temperature  ranges  and  smal l  power i ncreases  and  decreases.  However,  
i t  i s  su fficient  enough  for getti ng  the  approximate  value  of the  temperature  change.  
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Poin t  T  Target term inal  part  of res i stor 

T
t
 Target term inal  part  temperatu re  

P
eq
 Equ ivalent  heat  sou rce  

R
th  eq

 Equ ivalent  thermal  res i stance  from  the  term inal  part  to  T
base

 

T
base

 Temperatu re  to  be  set  as  standard  (ambien t temperature  of the  set)  

Figure I . 4 – Equ ivalent  ci rcu i t  of the  printed  board   
shown  wi th  the  thermal  network 

From  Figure  I . 4,  the  temperature  Tt  of the  term inal  part  T of the  target res istor wi l l  be  

i nd icated  as  i n  Formu la  ( I . 1 ) .  

 baseeqtheqt TRPT +×= ⋅  ( I . 1 )  

The  thermal l y equ ivalen t ci rcu i t  when  the  thermocouple  i s  connected  to  the  term inal  part Poin t 
T  wi l l  be  approximatel y as  shown  i n  F igure  I . 5.  
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Poin t  T  Term inal  part  of target  res i stor 

T
t
’ Term inal  part  temperatu re  of target res i stor (after connecti ng  thermocouple)  

P
eq
 Equ ivalent  heat  sou rce  

R
th  eq

 Equ ivalent  thermal  res i stance  

T
base

 Temperatu re  to  be  set  as  standard  (ambient  temperature  of the  set)  

R
th  tc

 Thermal  res i stance  when  the  thermocouple  i s  regarded  as  a  heats i nk  

T
tca

 Ambien t temperature  of the  thermocouple  

T
up  Temperatu re  ri se  of T

tca
 from  T

base
 

Figure I . 5  – Equ ivalent  ci rcu i t  when  the thermocouple  is  connected  

The d i fference  between  Tbase  and  Ttca  i s  expla ined  i n  F igure  I . 5.  

The  Tbase  can  be  the  ambient temperature  of the  board  or,  when  the  board  is  set  ins ide  the  

chass is ,  i t  can  be  the  external  temperature  of the  equ ipment.  

Ttca  i s  the  temperature  of the  atmosphere  for the  thermocouple  when  i t  behaves  as  a  rad iator 

as  shown  i n  F igure  I . 6.  And  1 0  mm  from  the  connecting  poin t  of the  solder fi l l et  wi l l  function  
as  a  rad iator when  the  wire  d iameter i s  0 , 1  mm,  a  type  K thermocouple  is  connected  bu t the  
rest of the  part  wi l l  not  con tribu te  to  the  heat d iss ipation .  The  temperature  wi th in  the  range  of 
1 0  mm  from  the  connecting  poin t shou ld  be  much  h igher than  the  board 's  ambient  
temperature  and  the  chassis '  ambien t  temperature  Tbase  because  of the  heat generation  of 
other devices  moun ted  on  the  board .  The  temperature  rise  is  Tup .  I f the  temperature  of the  
heat d iss ipation  space is  set  as  Tbase  when  estimating  the  temperatu re  drop  of the  solder fi l l et  

caused  by connecting  the  thermocouple,  the  temperature  drop  wi l l  be  overestimated .  To  
estimate  the  heat d iss ipation  of the  thermocouple  properl y,  i t  i s  necessary to  calcu late  the  
heat d iss ipation  amoun t under the  same cond i tion  of the  temperature  at wh ich  the  
thermocouple  i s  set.  

The  spatia l  Poin t A for measuring  Ttca  wi l l  d i ffer depend ing  on  the  type  and  wi re  d iameter of 

the  thermocouple  used ,  bu t for the  wi re  d iameter of 0 , 1  mm  of the  type  K thermocouple,  i t  
shou ld  be  around  5  mm  to  1 0  mm  in  rad ius  from  the  connection  poin t  of the  thermocouple .  
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Fi l l et  Solder fi l l et  wh ich  the  term inal  part  temperatu re  wi l l  be  measured  

T
tca

 Ambient  temperature  for heat  d i ss ipation  of the  thermocoupl e,  equal  to  T
up
 +  T

base
 

T
up
 Temperatu re  ri se  of T

tca
 from  T
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T
base

 Temperatu re  to  be  set  as  standard  (ambien t temperature  of the  set)  

Poin t  A P lace  to  measure  the  T
tca

 

L  Length  from  the  measurement poin t  that  cause  the  heat  d i ss ipation  of the  thermocoupl e;  heat  

d i ss ipation  i s  determ ined  by the  temperatu re  i n  th i s  range  

Figure I . 6  – Ambient  temperature and  the space need   
for the  heat d issipation  of the  thermocouple  

When  the  heat source  Peq  i n  F igure  I . 5  i s  replaced  to  temperature  d i fference  Peq  R th  eq ,  i t  
wou ld  be  as  shown  i n  F igure  I . 7 .  I n  between  the  formu la  Peq  ×  R th  eq  and  R th  eq  expressed  by 

the  symbol  of the  e lectromotive  force,  the  temperature  of Poin t  T  before  connecting  the  
thermocouple  Tt  i s  en tered .  Th is  i s  the  temperature  shown  by Formu la  ( I . 1 ) .  
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Figure I . 7  – Equ ivalent  ci rcu i t  when  the thermocouple  is  connected  

When  Tt  −  Tt’  =  ΔT i s  calcu lated ,  i t  wi l l  be  as  shown  i n  Formu la  ( I . 2) .  

 ( ) { ( )}eqthtcthtcat /1/Δ' ⋅⋅+−==− RRTTTTT tt  ( I . 2)  

Substi tu te  Tt  =  Tt ’  +  ΔT to  the  above formu la.  I t  wou ld  be  as  shown  in  Formu la  ( I . 3).  

 ( ) ( )tctheqthtcat /Δ ⋅⋅×−= RRTTT '   ( I . 3)  

The  actual  values  wi l l  be  en tered  i n to  th is  formu la  and  the  temperature  drop  caused  by the  
thermocouple  ΔT wi l l  be  ca lcu lated .  The  theoretical  va lue  of the  thermal  res istance  of the  
thermocouple  R th  tc  i s  ca lcu lated  based  on  F igure  I . 8,  wh ich  shows  the  thermal  res istance  and  

the  l eng th  that causes  heat d iss ipation  of a  type  K thermocouple  wi th  a  ti p  temperature  of 
1 00  °C,  Ttca  i s  50  °C.  The  l eng th  that  causes  heat d issipation  of the  thermocouple  shows  the  

l ength  of the  thermocouple  to  d iss ipate  90  %  of the  en ti re  heat.  However,  the  thermal  
res istance  of the  thermocouple  does  not change  so  much  even  when  the  tip  temperature  and  
Ttca  change.  For example,  when  the  cond i tion  i s  tip  temperature  =  1 00  °C,  Ttca  =  90  °C,  the  
thermal  res istance  rises  on l y l ess  than  3  %  compared  wi th  the  tip  temperature  =  1 00  °C,   
Ttca  =  50  °C,  and  drops  on l y l ess  than  1 0  %  compared  wi th  the  ti p  temperature  =  1 00  °C,   
Ttca  =  200  °C.  
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(a)  Wi re  d iameter  (b)  Wire  l ength  
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R
th  tc

 Thermal  res i stance  when  the  thermocouple  i s  regarded  as  a  heat-s ink  

L   Leng th  from  the  measurement  poin t  that  cause  the  heat  d i ss ipati on  of the  thermocouple  

D   Wi re  d iameter of the  thermocouple  

Figure I . 8  – Length  that causes  the  heat  d issipation  and  the   
thermal  resistance of the  type K thermocouple  (calcu lated)  

Figu re  I . 8  shows  that when  the  thermocouple  has  a  wi re  d iameter of 0 , 1  mm  and  under 
natural  convection  (a i r speed  0  m /s),  the  thermocouple  wi l l  behave  as  a  heats ink wi th  a  
thermal  res istance  around  R th  tc  =  5  500  K/W.  

On  the  other hand ,  the  thermal  res istance  of the  board  R th  eq  wi l l  l argel y depend  on  the  

materia l  of the  prin ted  board ,  pattern  wid th ,  pattern  dens i ty and  number of l ayers .  For 
example,  a  s i ng le-s ided  FR4  board  wi th  a  board  th ickness  of 1 , 6  mm  and  wi th  a  copper 
th ickness  35  μm  wi l l  have  200  K/W to  300  K/W,  even  wi th  one  re lati ve l y narrow pattern  as  
shown  i n  F igure  I . 1 0 .  Th is  value  wi l l  d ecrease  as  the  copper l ayer and  copper fo i l  th ickness  
i ncreases.  

Presume  that  Rth  eq  i s  300  K/W  and  the  res istor fi l l et  temperature  i s  measured  wi th  a  
thermocouple  of wi re  d iameter 0, 1  mm  type  K thermocouple  (R th  tc  =  5  500  K/W),  and  the  
va lue  were  90  °C.  I f the  spatia l  temperature  close  to  the  thermocouple  were  60  °C,  then  the  
temperature  drop  of the  fi l l et  caused  by the  connected  thermocouple  ΔT wou ld  be  calcu lated  

from  Formu la  ( I . 3).  

( )( ) °C64,1K/W5005/K/W 300°C 60-°C 90Δ 　　 ≈=T  

The  temperature  wi thou t the  thermocouple  can  be  estimated  to  be  91 , 64  °C.  Th is  smal l  
i n fl uence  caused  by the  thermocouple  can  be  ignored  when  measuring  the  operati ng  

envi ronmenta l  cond i tion  of a  res istor.  R th  tc  =  5  500  K/W  is  a  va lue  calcu lated  from  the  

cond i ti on  wi th  some space for the  a i r to  move freel y underneath  the  thermocouple  and  i t  i s  
ca lcu lated  on  the  smal l  s i de,  so  the  actual  error wou ld  be  smal l er.  The  actual  measured  value  

when  the  board  is  hori zon tal l y set  against the  g round  is  R th  tc  =  1 0  000  K/W.  So,  when  the  
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type  K thermocouple  wi th  a  0 , 1 -mm  wire  d iameter i s  used  for measuring  the  fi l l et  temperature,  
i t  can  be  said  for most  cases  that a  va lue  close  to  the  true  value  wi thout an  error can  be  
ach ieved .  

I . 3.2  When  using  the  type  T  thermocouples  

Figure  I . 9  shows the  thermal  resistance  and  the  l eng th  needed  to  rad iate  the  heat of a  type  T  

thermocouple  wi th  ti p  temperature  =  1 00  °C,  Ttca  =  50  °C.  R th  tc  of the  type  T  thermocouple  

becomes hal f of type  K even  when  the  wi re  d iameter i s  the  same as  shown  i n  the  figure,  so  
th is  needs  attention .  Add i ti onal l y,  the  l eng th  needed  to  rad iate  the  heat i s  very long  compared  
to  the  type  K.  The  reason  is  because  one  of the  wi res  used  i n  the  type  T  thermocouples  i s  
made of copper,  wh ich  has  h igh  heat conductivi ty.  

The  type  T  thermocouples  have  low thermal  resistance,  so  the  error caused  by the  heat 
d issipation  i s  l arge.  However,  the  stabi l i ty and  accuracy of the  thermocouple  i tsel f i s  better 
than  that  of type  K.  Therefore,  use  the  thermocouple  properl y accord ing  to  the  appl ication .  

 
 

(a)  Wi re  d iameter (b)  Wire  l ength  
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th  tc  Thermal  res i stance  when  the  thermocouple  i s  regarded  as  a  heat-s ink  

L  Leng th  from  the  measurement  poin t  that  cause  the  heat d i ss ipation  of the  thermocouple  

D  Wi re  d iameter of the  thermocouple  

Figure I . 9  – Length  that cause the  heat d issipation  and  the  
thermal  resistance of the  type T  thermocouple  (calcu lated)  

I .4 Thermal  resistance of the board  

The  thermal  resistance  of F igure  I . 1 0  i s  ca lcu lated  from  the  actual  temperature  measurement 
and  the  method  is  shown  i n  F igure  I . 1 1 .  
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The  equ ivalen t ci rcu i t  of the  prin ted  board  and  resistor i n  F igure  I . 1 0  can  be  s impl i fied  as  i n  
F igure  I . 1 1 .  I n  the  actual  prin ted  board ,  except under specia l  ci rcumstances,  the  thermal  

res istance  R th  o  from  each  of the  term inals  of the  res istor to  Tbase  d o  not become  the  same 

value,  bu t th is  i s  an  explanation  of the  pri ncip le,  so  i t  i s  presumed  that they are  the  same.  
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Figure I . 1 0  – Thermal  resistance  Rth  eq  of the  FR4  
s ing le  s ide  board  (th ickness  1 , 6  mm)  
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R Resistor 

P  Power appl i ed  to  the  res i stor 

R
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R
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Poin t  T  Measurement  poi n t  of temperature  

T
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 Measured  temperatu re  

T
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 Temperatu re  standard  such  as  the  ambien t  

Figure  I . 1 1  – Calcu lating  the  thermal  resistance  
of the  board  from  the  fi l let  s ide  

The thermal  res istance  R th  o  of the  board  (s i ng le-sided  term inal ) ,  wh ich  is  from  Poin t  T  to  the  

ambien t temperature,  can  be  calcu lated  from  Formu la  ( I . 4)  i f the  temperature  drop  caused  by 
the  heat d iss ipation  of the  thermocouple  can  be  i gnored .  When  the  type  K thermocouple  wi th  
a  wi re  d iameter th i nner than  0 , 1 5  mm  is  used ,  the  error wou ld  be  smal l  enough  to  i gnore.  

 ( ) ( )2//basetoth PTTR −=⋅   ( I . 4)  

The  thermal  res istance  R th  eq  of Poin t  T  to  Tbase ,  wh ich  i ncludes  the  thermal  res istance  of the  

board  on  the  other s i de  (R th  o)  and  the  thermal  resistance  ins ide  the  res istor (2  R th  i ) ,  wi l l  be  

calcu lated  as  shown  i n  Formu la  ( I . 5) .  

 ( ) ( )ithothithothotheqth 22/2 ⋅⋅⋅⋅⋅⋅ ++= RRRRRR  ( I . 5)  

The  value  of the  2  R th  i  can  on l y be  calcu lated  by the  res istor manufacturer,  bu t  i t  can  be  

supposed  that i t  wou ld  be  about  1 00  K/W to  200  K/W  for the  ceram ic-based  flat ch ip  res istors.  
The  general  value  for RR201 2M ,  wh ich  i s  1 40  K/W,  is  used  for the  calcu lation  i n  F igure  I . 1 0.  

When  R th  o  i s  h i gh ,  for example,  more  than  4  times  the  value  of 2  R th  i ,  there  wi l l  be  no  l arge  

error even  when  the  value  of the  2  Rth  i  i s  i gnored  and  ca lcu lated  wi th  Formu la  ( I . 6).  

 ( ) PTTRR /2/ basetotheqth −== ⋅⋅   ( I . 6)  

For example,  i n  the  case  of R th  o  =  480  K/W,  2  Rth  I  =  1 40  K/W and  the  Formu la  ( I . 5)  i s  used ,  

i t  wi l l  be  R th  eq  =  270  K/W.  Bu t when  Formu la  ( I . 6)  i s  used ,  i t  wi l l  be  R th  eq  =  240  K/W  in  

abbreviated  calcu lation .  
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When  the  Formu la  ( I . 6)  i s  u sed ,  R th  eq  wi l l  be  about 1 0  %  l ower.  But  the  purpose  of calcu lati ng  

R th  eq  i s  to  estimate  the  temperature  drop  caused  by the  thermocouple ,  so  th is  level  of error 

can  be  ignored .  

Therefore,  when  a  type  K thermocouple  wi th  a  wire  d iameter of 0 , 1  mm  is  used ,  the  term inal  
part temperature  can  be  measured  wi thout  l arge  error,  and  when  the  wire  d iameter i ncreases  

and  the  thermal  res istance  of the  thermocouple  R th  tc  d rops,  then  use  Formu la  ( I . 3)  and  

correct the  measured  value.  

I .5  Conclusion  of th is  annex 

The in frared  thermograph  is  unfavourable  for e lectric/e lectron ic device  des igners  to  
accurate l y measure  term inal  temperatures .  However,  i t  i s  usefu l  to  fi gure  ou t and  i den ti fy 
wh ich  term inal  part  of the  res istor i t  i s  necessary to  measure  wi th  thermocouples  when  the  
surface  peak temperatu re  of the  res istor i s  determ ined  by us ing  the  l im i t of the  spatia l  
resolu tion ,  and  the  surface  peak temperature  can  be  converted  in to  the  term inal  part  
temperature.  

When  the  thermocouple  i s  used  to  measure  the  term inal  part of the  m icro  devices,  the  
thermocouple  behaves  as  a  heatsink and  the  target  measuring  poin t temperature  drops.  But,  
i f the  d rop  amount can  be  perceived ,  i t  wou ld  be  a  preferred  method  to  measure  the  term inal  
part temperature.  Furthermore,  the  d rop  amount can  be  perceived  easi l y.  And  i f type  K 
thermocouples  wi th  a  wi re  d iameter of 0 , 1  mm  can  be  used ,  the  temperature  drop  caused  by 
the  heat d iss ipation  from  the  thermocouple  can  be  practical l y i gnored .  
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Annex J  
(informative)  

 
The  variation  of the heat d issipation  fraction  caused  by the   

d i fference between  the  resistor and  i ts  mounting  configuration  

J .1  Heat d issipation  ratio  of cyl indrical  resistors  wired  in  the ai r 

ANSYS  CFD 2  thermo-flu id  anal ys is  software  is  used  to  derive  the  heat  d issipation  percentage  
when  wi red  i n  the  a i r.  The  s imu lation  model  i s  shown  i n  F igure  J . 1 .  The  em iss ivi ty of the  
res istor body surface  is  presumed  to  be  0, 85  and  the  em issivi ty of the  surface  of the  leaded  
wire  is  presumed  to  be  0 , 1 .  Suppose  that  there  are  30  mm  of l ead  wi res  from  both  ends  of the  
res istor body.  Then ,  connect  the  thermal  res istance  of the  ambient  space  as  the  boundary 
cond i tion  to  the  tip  of the  l ead  wi re.  

Dimensions in  millimetres 

 

Key 
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 Ambient  temperature  (presumed  25  °C)  

R
th  l

 Thermal  res i stance  from  the  ti p  of the  l ead  wi re  to  the  ambien t temperatu re  (boundary cond i ti on )  

Figure J . 1  – Simulation  model  of the  l ead  wire  resistors  wired  in  the  ai r 

_____________ 

2  ANSYS  CFD  i s  the  trade  name  of a  product suppl i ed  by ANSYS.  Th i s  i n formation  i s  g i ven  for the  conven ience  
of users  of th i s  document  and  does  not  consti tu te  an  endorsement by I EC of the  product  named .  Equ ival ent  
products  may be  used  i f they can  be  shown  to  l ead  to  the  same resu l ts .  
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Dimensions in  millimetres 
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3  D i ss ipation  by conduction  from  the  ti p  of l ead  wi re  through  thermal  res i stance  R
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Figure J . 2  – Heat d issipation  ratio  of the  leaded  cyl indrical  resistors  (calcu lated)  

1 , 5  W is  appl ied  to  the  res istor and  i t  i s  veri fi ed  that the  cen tre  part  of the  res istor reaches  

around  1 00  °C  under the  ambient  temperatu re  Ta  =  25  °C,  and  that  i t  corresponds  to  the  

actual  measured  va lue  i nclud ing  the  temperature  d istribu tion .  The  s imu lation  resu l t i s  shown  
i n  F igure  J . 2 .  

J .2  Heat d issipation  ratio  of SMD resistors  mounted  on  the board  

The  heat d issipation  ratio  i s  defined  from  the  heat  transfer to  the  atmosphere  by rad iation  and  
convection  calcu lated  from  the  actual  temperature  measurement value  of each  part when  
res istors  of each  s i zes  RR6332M,  RR5025M,  RR3225M,  RR321 6M,  RR201 2M,  RR1 608M,  
RR1 005M  are  mounted  on  boards  that  conform  to  I EC 601 1 5-8  and  set as  shown  i n  F igure  J . 3  
and  the  power is  appl i ed .  

The  temperature  measurement of each  part i s  implemented  by an  i n frared  thermograph  that 
has  sufficient  spatia l  resolu tion  and  the  necessary temperature  accuracy.  The  surface  
temperature  of the  board  before  the  power i s  appl ied  i s  used  as  a  substi tu te  of the  ambien t 
temperature.  
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Dimensions in  millimetres 

 

Key 

1  Board  compl ian t  wi th  I EC 601 1 5-8,  set  i n  the  centre  of table  

2  Res istor 

3  Table  

Figure J .3  – Measurement system  of the  heat d issipation   
ratio  of SMD resistors  mounted  on  the  board  

When  the  SMD  resistors  are  moun ted  on  the  board  and  the  power i s  appl i ed ,  the  surface  
hotspot  wi l l  be  formed  close  to  the  cen tre  of the  res istor's  surface  and  the  ambien t  
temperature  wi l l  be  l ower than  the  surface  hotspot.  The  target of th is  clause  is  to  veri fy that 
the  heat d iss ipation  of the  SMD res istor i s  main l y implemented  by heat conduction  via  the  
board .  Therefore,  the  cond i tion  when  the  heat  d iss ipation  ratio  based  on  rad iation  and  
convection  becomes  the  l argest wi l l  be  supposed .  I n  particu lar,  when  ca lcu lating  the  heat 
d issipation  amount of the  heat  transfer by rad iation  and  convection ,  the  enti re  top  surface  of 
a l l  the  res istor s i ze  is  presumed  to  be  the  same temperature  as  the  observed  surface  hotspot.  

The  heat d issipation  amount by rad iation  Qrad  (W)  i s  ca lcu lated  from  Formu la  (J . 1 ) .  

 ( ) ( ){ }STTQ
4

a
4

shsrad 1 5,2731 5,273 +−+= εd  (J . 1 )  

Where  

ε  i s  the  em iss ivi ty (0 , 85  presumed);  

δ  i s  the  Stefan-Bol tzmann  constan t (5, 67  ×  1 0−8  (W m−2K−4)) ;  

Tshs  i s  the  observed  surface  hotspot temperature  ( °C);  

Ta  i s  the  observed  ambient temperature  of the  board  ( °C) ;  

S i s  the  top  area  of the  res istor (m 2) .  

The  heat d issipation  amount by convection  Qcv  (W)  i s  approximatel y g i ven  by Formu la  (J . 2) .  

 ( ){ } ( )STTLTTQ ashs
25,0

ashsCV /96,051,2 −−××=  (J . 2)  

Where  

Tshs  i s  the  observed  surface  hotspot temperature  ( °C);  

Ts  i s  the  observed  ambient temperature  of the  board  ( °C) ;  

S i s  the  top  area  of the  res istor (m 2) ;  
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L  i s  the  represen tati ve  short s ide  length  of the  ch ip  res istor (m ) .  

The  coefficien t 0 , 56  in  Formu la  (J . 2)  i s  the  value  orig inal l y appl i ed  to  the  perpend icu lar pl ane,  
bu t i t  i s  used  to  estimate  the  heat d iss ipation  amount of the  ou ts ide.  

The  values  actual l y measured  and  the  resu l ts  of the  calcu lations  are  shown  i n  Table  J . 1 .  

Table  J . 1  – Analysis  resu l t  of the  heat  d issipation  ratio  of SMD resistors   
(calcu lated  value  and  value  actual ly measured)  

Size  RR6332M  RR5025M  RR3225M  RR321 6M  RR201 2M  RR1 608M  RR1 005M  

P  (W) 1  0 , 75  0 , 5  0 . 25  0 , 1 25  0 , 1  0 , 063  

T
shs  

(°C)  1 77, 67  1 51 , 33  1 35, 27  1 06, 99  71 , 88  84, 1 4  74, 42  

T
a  
(°C)  28, 5  28, 8  27, 2  26, 7  23, 7  25, 8  25, 1  

Q
r

 (mW) 27, 506  1 1 , 641  5 , 21 9  2 , 1 71  0 , 445  0 , 320  0 , 097  

Q
cv

 (mW) 53, 238  25, 626  1 2 , 047  5, 946  1 , 380  1 , 078  0 , 369  

Rad i ation  
(%)  

2 , 75  1 , 55  1 , 04  0 , 87  0 , 35  0 , 32  0 , 1 5  

Convection  
(%)  

5, 32  3, 42  2 , 41  2 , 38  1 , 1 0  1 , 08  0 , 59  

Conduction  
(%)  

91 , 93  95, 03  96, 55  96, 75  98, 54  98, 60  99, 26  

From  Table  J . 1 ,  i t  i s  cl ear that more  than  90  %  of the  heat  i s  d iss ipated  by the  heat 
conduction  via  the  board .  

J .3  Heat d issipation  ratio  of the  cyl indrical  resistors  mounted  on  the  through-
hole  printed  board  

After the  age  of vacuum  tubes  wi th  l ead  wi red  cyl i ndrical  resistors  that were  connected  to  l ug  
term inals  and  before  the  appearance  of SMD resistors ,  there  were  long  years  of mounting  
l ead-wired  cyl i ndrical  resistors  on  through-hole-boards.  The  heat d iss ipation  percentage  of 
th is  i n termed iate  period  i s  pred icted  to  be  in  between  the  resu l ts  shown  i n  J . 1  and  J . 2.  Th is  
means  that  the  percentage  of heat  d iss ipation  th rough  conduction  was  i nd ispensable  a long  
wi th  the  rad iation  and  convection .  

As  shown  in  Formu la  (J . 1 )  and  Formu la  (J . 2)  i n  J . 2 ,  the  heat d iss ipation  amount of the  
rad iation  and  convection  depends  l argel y on  the  area.  The  l arger the  area  becomes,  the  
l arger the  percentages  of rad iation  and  convection  wi l l  get.  When  the  lead-wired  cyl i ndrica l  
res istors  were  fi rst  moun ted  on  the  prin ted  boards,  the  heat  conduction  to  the  board  was  not 
smal l  enough  to  i gnore,  bu t s ti l l  the  percentages  of the  rad iation  and  convection  were  h igh  
when  cons idering  the  en ti re  heat d issipation .  However,  the  transistors  wh ich  were  i n troduced  
around  the  same years  as  the  pri n ted  boards  reduced  the  s i ze  and  power consumption  of the  
ampl i fying  elemen ts  beyond  comparison .  From  th is  trend ,  the  m in iatu ri zation  and  power 
saving  of e lectric/electron ic devices  advanced  qu ickly.  As  a  resu l t,  smal l  pass ive  components  
i nclud ing  res istors  became the  mainstream .  Even  for the  l ead-wi re  res istors,  as  the  s ize  gets  
smal ler,  the  surface  area  becomes smal ler and  the  heat d iss ipation  amount by rad iation  and  
convection  wi l l  decrease  and  they wi l l  be  moun ted  on  prin ted  board  patterns  wi th  shorter 
l eads,  so  the  percentage  of heat  d iss ipation  by heat conduction  to  the  pri n ted  boards  wi l l  
i ncrease.  

The  l eaded  resistors  j ust before  the  appearance  of the  SMD  res istors  such  as  1 /4  W  and  
1 /6  W  probabl y had  as  close  a  percentage  of heat d iss ipation  to  the  board  as  the  present  
SMD  res istors.  Therefore,  for the  lead-wire  smal l -s i ze  cyl i ndrical  resistors  that  are  supposed  
to  be  mounted  on  prin ted  boards,  the  derati ng  curves  wi th  ambien t temperature  as  the  
horizon tal  axis  were  a l ready a  mere  facade.  
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Annex K 
(informative)  

 
I nfluence of ai rflow on  SMD resistors  

K.1  General  

I n  Annex D ,  the  temperature  drop  of the  term inal  part  when  the  tu rbu len t fl ow is  appl i ed  to  the  
board  was  shown .  I n  th is  annex,  the  temperature  drop  of the  term inal  part  wi l l  be  shown  for 
each  s i ze  when  paral le l  l am inar flow i s  appl ied .  

K.2  Measurement system  

The measurement i nstrument wi l l  be  the  wind  tunnel  as  shown  i n  F igure  K. 1 .  The  board  i s  set 
para l l el  to  the  ai rflow to  make the  lam inar a i rfl ow.  

The  test board  s i ze  i s  1 1 0  mm  ×  80  mm  and  they are  the  same boards  that are  mentioned  i n  
Annex D .  There  are  two  board  l ayou ts.  One  i s  set so  that  the  wind  d i rection  and  the  res istor 
set  in  l ine  wi l l  cross  orthogonal l y and  the  other wi l l  be  set para l l e l .  The  l atter case  i s  set  to  
observe  the  degraded  l eeward  cool i ng  efficiency caused  by the  boundary l ayer.  The  
thermocouple  used  to  measure  the  term inal  part temperature  i s  a  type  K wi th  a  wi re  d iameter 
of 0 , 1  mm .  The  thermocouple  i s  d i rectl y soldered  to  the  centre  of the  fi l l et.  
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Dimensions in  millimetres 

 

Key 

1  Wind  tunnel  

2  Wind  d i rection  

3  Sample  board  pos i ti on  

4  Sample  board  (res i stor set  orthogonal  to  the  wi nd  d i rection )  

5  Sample  board  (res i stor set  paral l e l  to  the  wi nd  d i rection )  

Figure K. 1  – Measurement system  

K.3  Test resul ts  (orthogonal )  

The resu l ts  are  shown  in  F igure  K. 2 ,  F i gure  K.3 ,  F i gure  K. 4,  F igure  K. 5,  F i gu re  K. 6,  
F igure  K. 7  and  F igure  K. 8.  
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T
tr
 Term inal  part  temperatu re  ri se  

NC  Normal  convection  (fl at)  

S  0 , 3  m /s  to  0 , 6  m /s  

M  0 , 7  m /s  to  1 , 2  m /s  

F  1 , 6  m /s  to  2 , 4  m /s  

σ  S tandard  deviati on  

Figure K.2  – Relationsh ip  between  the  terminal  part  temperature   
ri se  and  the wind  speed  for the  RR6332M  (orthogonal )  
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 Term inal  part  temperatu re  ri se  

NC  Normal  convection  (fl at)  

S  0 , 3  m /s  to  0 , 6  m /s  

M  0 , 7  m /s  to  1 , 2  m /s  

F  1 , 6  m /s  to  2 , 4  m /s  

σ  S tandard  deviati on  

Figure K.3  – Relationsh ip  between  the  terminal  part  temperature   
ri se  and  the wind  speed  for the  RR5025M  (orthogonal )  
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T
tr
 Term inal  part  temperatu re  ri se  

NC  Normal  convection  (fl at)  

S  0 , 3  m /s  to  0 , 6  m /s  

M  0 , 7  m /s  to  1 , 2  m /s  

F  1 , 6  m /s  to  2 , 4  m /s  

σ  S tandard  deviati on  

Figure K.4 – Relationsh ip  between  the  terminal  part  temperature   
ri se  and  the wind  speed  for the  RR3225M  (orthogonal )  
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 Term inal  part  temperatu re  ri se  

NC  Normal  convection  (fl at)  

S  0 , 3  m /s  to  0 , 6  m /s  

M  0 , 7  m /s  to  1 , 2  m /s  

F  1 , 6  m /s  to  2 , 4  m /s  

σ  S tandard  deviati on  

Figure K.5 – Relationsh ip  between  the  terminal  part  temperature   
ri se  and  the wind  speed  for the  RR321 6M  (orthogonal )  
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 Term inal  part  temperatu re  ri se  

NC  Normal  convection  (fl at)  

S  0 , 3  m /s  to  0 , 6  m /s  

M  0 , 7  m /s  to  1 , 2  m /s  

F  1 , 6  m /s  to  2 , 4  m /s  

σ  S tandard  deviati on  

Figure K.6  – Relationsh ip  between  the  terminal  part  temperature   
ri se  and  the wind  speed  for the  RR201 2M  (orthogonal )  
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M  0 , 7  m /s  to  1 , 2  m /s  

F  1 , 6  m /s  to  2 , 4  m /s  

σ  S tandard  deviati on  

Figure  K.7  – Relationsh ip  between  the  terminal  part  temperature  rise   
and  the wind  speed  for the  RR1 608M  (orthogonal )  
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S  0 , 3  m /s  to  0 , 6  m /s  

M  0 , 7  m /s  to  1 , 2  m /s  

F  1 , 6  m /s  to  2 , 4  m /s  

σ  S tandard  deviati on  

Figure K.8  – Relationsh ip  between  the  terminal  part  temperature   
ri se  and  the wind  speed  for the  RR1 005M  (orthogonal )  

K.4 Test resul ts  (paral lel )  

The resu l ts  are  shown  i n  F igure  K.9,  F i gure  K. 1 0 ,  F i gu re  K. 1 1 ,  F i gure  K. 1 2,  F igure  K. 1 3,  
F igu re  K. 1 4  and  F igure  K. 1 5.  
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M  0 , 7  m /s  to  1 , 2  m /s  

F  1 , 6  m /s  to  2 , 4  m /s  

σ  S tandard  deviati on  

Figure K.9  – Relationsh ip  between  the  terminal  part  temperature   
ri se  and  the wind  speed  for the  RR6332M  (paral lel )  
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F  1 , 6  m /s  to  2 , 4  m /s  

σ  S tandard  deviati on  

Figure K. 1 0  – Relationship  between  the terminal  part  temperature   
ri se  and  the wind  speed  for the  RR5025M  (paral lel )  
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S  0 , 3  m /s  to  0 , 6  m /s  

M  0 , 7  m /s  to  1 , 2  m /s  

F  1 , 6  m /s  to  2 , 4  m /s  

σ  S tandard  deviati on  

Figure K. 1 1  – Relationship  between  the terminal  part  temperature   
ri se  and  the wind  speed  for the  RR3225M  (paral lel )  
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σ  S tandard  deviati on  

Figure K. 1 2  – Relationship  between  the terminal  part  temperature   
ri se  and  the wind  speed  for the  RR321 6M  (paral lel )  
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Figure  K. 1 3  – Relationship  between  the terminal  part  temperature  ri se   
and  the wind  speed  for the  RR201 2M  (paral lel )  

 

Key 

T
tr
 Term inal  part  temperatu re  ri se  

NC  Normal  convection  (fl at)  

S  0 , 3  m /s  to  0 , 6  m /s  

M  0 , 7  m /s  to  1 , 2  m /s  

F  1 , 6  m /s  to  2 , 4  m /s  

σ  S tandard  deviati on  

Figure K. 1 4 – Relationship  between  the terminal  part  temperature   
ri se  and  the wind  speed  for the  RR1 608M  (paral lel )  
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F  1 , 6  m /s  to  2 , 4  m /s  

σ  S tandard  deviati on  

Figure K. 1 5  – Relationship  between  the terminal  part  temperature   
ri se  and  the wind  speed  for the  RR1 005M  (paral lel )  

By comparing  the  orthogonal  and  paral le l  a i rflow appl ied  to  the  res istor set i n  a  l i ne,  the  
res istors  wi th  large  rated  power (RR6332M,  RR5025M  and  RR3225M)  had  l arge  d i fferences  
between  thei r maximums  and  m in imums.  From  th is,  i t  can  be  observed  that windward  
res istors  have  l ower temperature  than  those  leeward  and  the ir heat d iss ipation  efficiency i s  
degraded  because  of the  development of the  thermal  boundary l ayer on  the  board  from  the  
windward  to  the  l eeward  s i des.  F i gure  K. 1 6  is  the  temperature  d istribu tion  of the  RR6332M  
and  the  smal l er sample  numbers  are  pos i tioned  windward .  
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Figure K. 1 6  – Terminal  part temperature ri se  of RR6332M ,   
d i fference between  the  windward  and  leeward  sides  when  placed  paral lel  
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Annex L 
(informative)  

 
The  influence of the  spatial  resolution  of the  thermograph  

L.1  The appl ication  for using  the thermograph  when  measuring  the 
temperature of the SMD resistor 

There  are  two  purposes  for us ing  the  in frared  thermograph  to  measure  the  res istor's  
temperature.  The  fi rst  pu rpose  is  to  observe  the  board 's  surface  d i rectl y wi th  the  thermograph  
and  veri fy that  the  SMD  resistors  are  used  under su i table  temperature  at  the  
e lectric/electron ic  des ign ing  step:  wi thout setting  the  pri n ted  board  i ns ide  the  chass is ,  tu rn  i t  
on  and  operate.  I n  th is  case,  to  observe  the  en ti re  prin ted  board ,  the  fi e l d  of view needs  to  be  
widened  so  the  area  correspond ing  to  one  p ixe l  wou ld  be  l im i ted  to  around  a  square  of 200  ×  
200  μm .  However,  the  a im  i s  to  ascertain  the  rough  temperature ,  so  accuracy i s  not requ ired .  

The  second  purpose  i s  for the  res istor manufacturer to  measure  the  term inal  part temperature  
and  surface  hotspot temperature  to  calcu late  the  thermal  res istance  R th  shs-t  from  the  term inal  
part to  the  surface  hotspot  where  the  resistor becomes the  hottest.  The  main  reason  for the  
res istor manufacturer to  measure  Rth  shs-t  and  provide  i t  to  the  e lectri c/electron ic  device  
des igners  i s  expla ined  i n  Annex F .  Bu t,  to  serve  the  obj ecti ves,  R th  shs-t  shou ld  be  as  accurate 

as  possib le.  

The  term inal  part  temperature  men tioned  here  i s  the  narrowly-defined  term inal  part  
temperature  that was  expla ined  in  Annex H .  Th is  means  that i t  i s  the  surface  temperature  of 
the  copper b lock and  i t  has  a  l arge  area.  So  as  l ong  as  the  em issivi ty i s  ad justed ,  a lmost any 
kind  of i n frared  thermograph  can  measure  qu i te  accurate l y.  The  more  d i fficu l t  temperature  
measurement wou ld  be  that of the  surface  hotspot.  

The  surface  hotspot  of a  smal l  s i ze  SMD  res istor that  i s  around  1 00  μm  i n  d iameter i s  very 
common.  To  measure  i t,  the  standard  lens  of the  thermograph  (appl icable  to  l arge  targets  
such  as  bu i l d ings,  bu t can  on l y magn i fy up  to  a  square  of 200  ×  200  μm  as  1  p ixel )  shou ld  be  
exchanged  i n to  the  fixed  focus  close-up  magn i fication  lens  that can  magn i fy a  square  of 25  ×  
25  μm  as  1  p ixe l  and  the  resolu tion  capabi l i ty wi l l  be  enhanced .  The  poin t to  be  aware  of i s  
when  the  close-up  magn i fication  l ens  that  magn i fies  the  square  of 25  ×  25  μm  as  1  p ixel  i s  
used ,  a  h igh  temperature  part  of a  square  of 25  ×  25  μm  cannot be  measured  accurate l y.  Th is  
i s  caused  not  on l y by the  posi ti on  gap  of the  p ixe l  and  target part,  bu t because  of many other 
e lemen ts  such  as  the  MTF  (modu lation  transfer function)  of the  lens.  Before  measuring ,  the  
m in imum  area  of the  temperature  peak that can  be  observed  accord ing  to  the  combination  of 
the  i n frared  thermograph  and  the  close-up  magn i fication  lens  shou ld  be  veri fied .  

I n  th is  annex,  the  method  of s impl y estimating  how accurate l y the  temperature  of the  
m icroscopic area  can  be  measured  by the  i n frared  thermograph  wi l l  be  suggested .  

However,  e l ectric/electron ic device  des igners  general l y do  not use  a  thermograph  wi th  a  h igh  
magn i fication  close-up  lens  i n  the ir design  process.  Th is  i s  because  thermographs  wi th  h i gh  
magn i fication  close-up  l enses  have  very narrow fi e lds  of view,  such  as  a  few square  
cen timetres  and ,  add i tional l y,  they have  a  very short focus.  Therefore,  i t  i s  imposs ib le  to  
measure  the  temperature  of l arge  areas  and  have  uneven  surfaces  because  of the  mounted  
devices  on  the  prin ted  board ,  and  they need  to  sweep  and  focus  on  each  and  every device.  

L.2  The relation  between  the minimum area that the accurate temperature  
could  be  measured  and  the pixel  magnification  percentage  

The magn i fication  percentage  of the  close-up  magn i fication  l ens  i s  usual l y i nd icated  as  how 
many μm  of the  measured  surface  i s  shown  as  one  p ixel  of the  i n frared  l igh t receiving  
e lement.  For example,  a  25-μm  l ens  wou ld  have  an  optical  magn i fication  percentage  that wi l l  
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make a  square  of 25  ×  25  μm  as  1  p ixe l .  The  standard  l ens  can  a lso  ad just the  p ixel  to  a  
su i table  s i ze,  so,  i n  th is  subclause,  the  l ens  that can  magn i fy a  square  of A  ×  A  μm  as  1  p ixe l  
wi l l  be  cal led  the  A -μm  lens.  

I n  th is  annex,  the  method  of s impl y estimating  how accurate  the  temperature  of the  
m icroscopic area  can  be  measured  by us ing  the  spatial  frequency characteristic  of the  
measurement system  as  an  index wi l l  be  i n troduced  and  suggested .  

[Step  1 ]  

For the  one-d imensional  step  temperature  change  shown  i n  F igure  L. 1 ,  the  repl y when  i t  goes  
through  the  Gauss ian  fi l ter wi th  various  cu t-off spatia l  frequencies  fc  (cycles/mm)  wi l l  be  
calcu lated  and  made i n to  a  graph  in  advance.  The  parameter of the  graph  of the  theoretica l  
va lue  of the  step  response  is  the  Gaussian  fi l ter cu t-off frequency fc  that  i s  operated  on  the  
i deal  s tep  wave.  However,  to  make i t  comparable  wi th  the  p ixe l  A  (μm),  i t  wi l l  be  described  as  
X (μm)  of the  hal f wavelength  fc  and  the  explanatory note  ti tl e  i s  fc  ha l f l eng th .  The  
re lationsh ip  between  the  fc  (cycles/mm)  and  X (μm)  i s  shown  as  the  fol lowing :  fc =  1  000  /  (2X) .  

I n  F i gure  L. 1 ,  the  characteristic of the  Gauss ian  fi l ter wh ich  wou ld  be  the  parameter shown  as  
X (μm)  and  wou ld  be  the  hal f wavelength  of the  cu t-off spatia l  frequency.  
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f
c
 Cu t-off spatia l  frequency 

Pos i ti on  D i stance  from  the  boundary of h i gh  temperatu re  1  and  l ow temperature  0  

S tep  response  Response  wave  form  through  the  Gaussian  fi l ter of various  f
c
 i n  the  s tep  down  temperatu re  

change  from  the  i d eal  1  to  0  

f
c
 ha l f l eng th  Gaussian  fi l ter cu t-off spatial  frequency i n  ha l f wavel ength  X (μm)  

Figure L. 1  – Step  response of the  Gaussian  fi l ter of  
the  various  cut-off spatial  frequencies  (calcu lated)  

For the  materia l  that  has  a  part  wi th  h igh  temperature  on l y i ns ide  the  d iameter D  (mm)  defined  
beforehand ,  the  two-d imensional  repl y when  i t  goes  through  the  Gauss ian  fi l ter wi th  various  
cu t-off spatia l  frequency fc  (cycles/mm)  wi l l  be  calcu lated  and  made i n to  a  g raph .  F igure  L. 2  i s  
a  ca lcu lation  example  for 0 , 2  mm  in  d iameter.  Th is  process ing  can  be  done  by anyone  who 
has  the  basic  knowledge  of the  d iscrete  Fourier transform .  
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F
c  hal f l ength  Gaussian  fi l ter cu t-off spatial  frequency i n  ha l f wavel ength  X (μm)  

Figure L.2  – Temperature  d istribution  (cross-section )  when  measuring  the  object  
that  becomes  h igh  temperature  on ly in  the  range of 0 , 2  mm  in  d iameter 

[Step  2 ]  

As  shown  i n  F igure  L . 3,  attach  the  A  (μm)  l ens  to  the  thermograph  and  observe  the  

temperature  d istribu tion  of the  boundary of the  surface  covered  wi th  i nsu lators,  such  as  the  
epoxy res in  part  and  the  solder mask part  of the  prin ted  board ,  and  the  exposed  metal  part  
such  as  the  pads.  

The  em issivi ty of the  i nsu lator i s  over 0 , 8  and  re lativel y h igh ,  bu t  the  meta l  part  i s  extremely 
l ow.  Therefore,  the  step  response can  be  measured  from  the  temperature  d istribution  image  
of the  prin ted  board  of the  same temperature.  

When  observing ,  the  physical  d imension  of the  exposed  part of meta l  and  the  i nsu lator part 
shou ld  be,  when  the  l ens  i s  A  (μm),  over 1 0  times  A  i n  both  l eng th  and  breadth ,  and  

add i tional l y the  boundaries  shou ld  be  a  cl ear s tra igh t l i ne.  

However,  when  measuring  the  temperature,  i t  i s  preferable  to  set  the  en ti re  pri n ted  board  at  
more than  50  K h i gher than  the  room  temperature,  such  as  through  heating  wi th  a  hot  p late.  
Even  at room  temperatu re,  the  temperature  d i fference  between  the  solder mask part and  the  
exposed  meta l  part  can  be  observed  because  of the  d i fference  i n  em iss ivi ty,  bu t,  by ra is i ng  
the  temperature,  the  d i fference becomes  l arger and  the  accuracy of the  measurement of step  
response wi l l  improve.  

Th is  step  2  can  be  eas i l y implemented  by the  resistor manufacturers  and  e lectric/electron ic  
device  manufacturers .  
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3  Pri n ted  board  
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Figure  L.3  – Measuring  system  of spatial  frequency fi l ter of the  infrared  thermograph  

[Step  3 ]  

Normal i ze  the  temperature  d i fference i n  the  vertica l  axis  from  0  to  1  i n  the  temperature  
d istribu tion ,  wh ich  is  actual l y measured  in  Step  2  as  seen  i n  F igure  L. 4 ,  and  overlap  wi th  
F igure  L . 1 .  The  overlapped  image i s  shown  i n  F igu re  L. 5.  By comparing  the  va lue  actual l y 
measured  and  the  calcu lated  va lue,  i t  wou ld  be  poss ible  to  estimate  the  cu t-off spatia l  
frequency of the  MTF  of an  i n frared  thermograph  wi th  an  A-μm  lens ,  when  the  MTF  is  a  
Gaussian  fi l ter.  I n  th is  example,  the  25-μm  l ens  has  the  responsive  equ iva lent to  the  pass  
through  of the  cu t-off spatia l  frequency converted  to  hal f waveleng th  of a  50-μm  to  1 00-μm  
Gaussian  fi l ter,  and  the  200-μm  lens  has  the  responsive  equ iva lent to  the  pass  through  of the  
fc  ha l f wavelength  600-μm  Gauss ian  fi l ter.  I t  i s  om i tted  in  th is  s tudy,  bu t  i t  i s  found  that  the  
1 00-μm  l ens  has  the  responsive  equ ivalent to  the  pass  through  the  fc  ha l f wavelength  300-μm  

Gaussian  fi l ter.  

[Step  4 ]  

I f the  cu t-off spatia l  frequency of the  Gauss ian  fi l ter of the  measurement system  can  be  
estimated ,  i t  i s  poss ib le  to  estimate  from  Figure  L. 2  at wh ich  m icro  area  the  peak temperature  
can  be  measured  accurate l y.  
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Posi ti on  0  i s  the  boundary and  m inus  s i de  i s  h i gh  temperature  and  pl us  s i de  i s  l ow temperature  

Mag .  Normal i ze  the  h i gh  and  l ow temperature  by 1  to  0  

Figure  L.4 – Actual  measured  value of the  step  response  of various  magnifier l enses  
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Figure L.5  – Comparison  of the  actual  measured  value  
and  the calcu lated  value (step  response)  

From  the  resu l t of Step  3  and  F igure  L. 2,  even  when  i t  i s  the  25-μm  lens,  and  the  part of 0 , 2  
mm  in  d iameter i s  on l y the  hot  or cold  part,  measuring  the  peak temperature  i s  very close  to  
the  l im i t.  The  cu t-off spatia l  frequency hal f wavelength  of the  Gauss ian  fi l ter of the  200-μm  
l ens  is  600  μm ,  so  from  F igure  L . 2,  the  measurement by the  200-μm  lens  may on l y show 1 0  %  
of the  actual  peak temperature.  

L.3  Example of the RR1 608M  SMD resistor hotspot's  actual  measurement 

Apply 0 , 25  W  to  the  RR1 608M  th ick-fi lm  rectangu lar ch ip  res istor (metal -g laze  res isti ve  
e lement)  and  l et  i t  se l f-heat.  Measure  the  surface  hotspot wi th  the  25-μm  lens,  the  1 00-μm  
l ens  and  the  200-μm  lens.  Suppose  that the  resu l t  measured  by the  25-μm  lens  i s  the  true  
value.  Then  compare  th i s  true  value  (2-d imensional  temperature  d istribution  image)  wi th  the  
calcu lated  resu l t pu t  through  the  Gaussian  fi l ter wi th  various  cu t-off spatia l  frequencies  fc.  
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F igu re  L. 6  shows  the  resu l t.  I t  shows  that the  actual  measured  va lue  of the  1 00-μm  lens  is  
equ ivalent to  the  fc  hal f wavelength  300  μm ,  and  the  200-μm  lens  i s  equ iva lent to  the  fc  ha l f 

wavelength  600  μm  of the  Gauss ian  fi l ter.  Th is  conforms  to  the  resu l ts  i n  s tep  3.  

From  the  resu l ts  of the  measurement system  th i s  t ime,  the  response when  the  A  (μm)  l ens  i s  
used  wi l l  be  around  X =  3  ×  A  (μm)  when  ind icated  i n  the  fc  h a l f wavelength  X of the  Gauss ian  

fi l ter.  
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Figure L.6  – Comparison  of the  actual  measured  value  
and  the calcu lated  value  (surface  hotspot of the  resistor)  

L.4 Conclusion  

Even  when  the  cen tre  of the  p ixel  of the  i n frared  thermograph  i s  set on  the  hotspot of an  A  μm  

i n  d iameter,  the  temperature  cannot be  measured  accuratel y by an  i n frared  thermograph  wi th  
an  A -μm  l ens .  I n  th is  annex,  the  method  of estimating  MTF's  approximate  va lue  by us ing  the  

commonl y-avai lab le  prin ted  boards  and  hotplates  i s  shown .  

The  importan t poin t for res istor manufacturers  i s  to  provide  the  ri gh t i n formation  to  
e lectric/e lectron ic device  designers.  Therefore,  i t  i s  necessary for resistor manufacturers  to  
know the  surface  hotspot  s i ze  accuratel y and  veri fy that the  in frared  thermograph  has  the  
sufficien t performance to  measure  the  surface  hotspot temperature  of that s ize  when  
measuring  thei r in -house  products.  

However,  i t  i s  necessary for el ectric/electron ic device  designers  to  understand  the  spatia l  
resolu tion  and  peak temperature  detection  capabi l i ties  of the  i n frared  thermograph  that i s  
used  to  measure  the  res istor or the  board  temperature.  
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Annex M  
(informative)  

 
Future subjects  

SMD resistors  are  mounted  on  the  pri n ted  board  when  used ,  bu t  when  the  temperature  of the  
res istor substrate  surface,  wh ich  faces  the  prin ted  board  (back s ide)  i s  h i gh ,  the  temperature  
of the  prin ted  board  may rise  from  the  rad iation  and  heat  conducti on  via  the  atmosphere.  The  
l im i t of th is  temperature  rise  i s  to  the  temperature  of the  res istor substrate  surface  wh ich  
faces  the  prin ted  board  (back s i de) ,  bu t,  usual l y,  the  temperature  of th is  surface  cannot be  
measured .  

When  us ing  SMD  res istors ,  e lectric/electron ic  device  designers  need  to  estimate  the  
temperature  rise  of the  prin ted  board  surface  i n  some way and  veri fy that the  prin ted  board  
can  resist that temperature.  

The  method  of estimating  the  temperature  rise  of the  prin ted  board  surface  underneath  the  
SMD  res istor i s  a  fu ture  subj ect for res istor manufacturers.  
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