
 

IEC TR 61 1 89-3-91 4 

Edition  1 .0 201 7-03 

TECHNICAL 
REPORT 

 

Test methods for electrical  materials,  printed boards and other interconnection 

structures and assemblies –  

Part 3-91 4:  Test method for thermal  conductivity of printed circuit boards for 

high-brightness LEDs – Guidelines 

 

IE
C
 T
R
 6
1
1
8
9
-3

-9
1
4
:2
0
1
7
-0

3
(e

n
) 

  

  

® 

 

colour
inside



 

 

  

 THIS PUBLICATION IS COPYRIGHT PROTECTED 

 Copyright © 201 7 IEC,  Geneva,  Switzerland   
 
Al l  rights  reserved.  Un less  otherwise speci fied,  no part of th is  publ ication  may be  reproduced or u ti l i zed in  any form  
or by any means,  electronic or mechanical ,  i ncluding  photocopying  and  m icrofi lm,  wi thout permission  in  wri ting  from  
ei ther IEC or IEC's member National  Committee i n  the country of the requester.  I f  you  have any questions about IEC 
copyright or have an  enqui ry about obtaining  addi tional  ri ghts  to  th is  publ ication,  please contact  the  address below or 
your l ocal  I EC member National  Committee for fu rther information.  
 

IEC Central  Office Tel . :  +41  22 91 9  02 1 1  
3,  rue  de Varembé Fax:  +41  22 91 9 03  00 
CH-1 21 1  Geneva 20 i nfo@iec.ch  
Swi tzerland  www. iec.ch  

 

About the IEC 
The I nternational  E lectrotechnical  Commission  (IEC)  is  the  leading  g lobal  organization  that prepares  and  publ ishes 
I nternational  Standards for al l  electrical ,  electron ic and  related  technolog ies.  
 

About IEC publ ications  
The technical  content of  IEC publ ications is  kept  under constant review by the IEC.  P lease make sure  that you  have the 
latest  ed i tion,  a corrigenda or an  amendment m ight have been  publ ished.  
 

IEC Catalogue - webstore.iec.ch/catalogue 
The stand-alone appl ication  for consulting  the entire 
bibl iographical  information on IEC International  Standards,  
Technical  Specifications,  Technical  Reports and other 
documents.  Avai lable for PC,  Mac OS,  Android Tablets and 
iPad.  
 

IEC publications search - www.iec.ch/searchpub 
The advanced search enables to find IEC publ ications by a 
variety of cri teria (reference number,  text,  technical  
committee,…).  I t also gives information on projects,  replaced 
and withdrawn publ ications.  
 

IEC Just Published - webstore.iec.ch/justpublished 
Stay up to date on al l  new IEC publ ications.  Just Published 
detai ls al l  new publ ications released.  Avai lable onl ine and 
also once a month by email.  

Electropedia - www.electropedia.org 
The world's leading onl ine dictionary of electronic and 
electrical  terms containing 20 000 terms and definitions in  
Engl ish and French,  with  equivalent terms in 1 6 additional  
languages.  Also known as the International  Electrotechnical  
Vocabulary (IEV) onl ine.  
 

IEC Glossary - std.iec.ch/glossary 
65 000 electrotechnical  terminology entries in  English and 
French extracted from  the Terms and Definitions clause of 
IEC publications issued since 2002.  Some entries have been 
col lected from earl ier publ ications of IEC TC 37,  77,  86 and 
CISPR.  
 

IEC Customer Service Centre - webstore.iec.ch/csc 
I f you  wish to g ive us your feedback on this publ ication or 
need further assistance,  please contact the Customer Service 
Centre:  csc@iec.ch.  
 

 

mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC TR 61 1 89-3-91 4 
Edition  1 .0 201 7-03 

TECHNICAL 
REPORT 

 

Test methods for electrical  materials,  printed boards and other interconnection 

structures and assemblies –  

Part 3-91 4:  Test method for thermal  conductivity of printed circuit boards for 

high-brightness LEDs – Guidelines 

 

 

 

 

INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION  
ICS 31 .1 80 

 

ISBN 978-2-8322-41 1 0-3 

  

  

® Registered trademark of the International  Electrotechnical  Commission 

® 

   Warning!  Make sure that you obtained this publication from an authorized distributor.  

 

colour
inside



 – 2  – IEC  TR  61 1 89-3-91 4:201 7  © I EC  201 7  

CONTENTS 

FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4  

INTRODUCTION  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6  

1  Scope  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

2  Normati ve  references  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

3  Terms  and  defi n i ti ons  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

4  Test  cond i t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

4. 1  Standard  cond i t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

4. 2  Speci fi ed  cond i t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

5  Pre-cond i t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

6  Heat  d iss ipati on  characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

6. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

6. 2  Measurement  of  thermal  res istance  on  the  plane  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9  

6. 3  Thermal  res is tance  across  the  th ickness  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

6. 4  Thermal  res is tance  measurement  procedures  and  precautions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

6. 4. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

6. 4. 2  Die  attach  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

6. 4. 3  Wire  bond ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

6. 4. 4  Temperature  measuri ng  sensor  (cal i brati on)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

6. 4. 5  Measurement  of  thermal  res istance  on  the  plane  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

6. 4. 6  Thermal  res is tance  across  the  th ickness  us ing  co ld  p late  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

Annex A ( i n formati ve)   C lass i f ication  and  c lass  of  the  PCB  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

Annex B  ( i n formati ve)   Measurement  comparison  between  compan ies  (plane)  . . . . . . . . . . . . . . . . . . . . . .  22  

 

F i gu re  1  – Example  of  PCB  wi th  large  thermal  conducti vi ty  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9  

Figu re  2  – Examples  of  PCBs  wi th  large  heat  transfer coeffic ien ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9  

Figu re  3  – I l l ustrat ion  of  thermal  res istance  test  ( for i n formation )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

Figu re  4  – Layou t  of  the  specimen  surface  for  the  thermal  res is tance  test  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

Figu re  5  –Test  equ ipment for  thermal  res is tance  across  the  th ickness  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

Figu re  6  – Example  of  attachment of  the  specimen  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

Figu re  7  – Example  of  measurement  of  the  thermal  res istance  on  the  plane  . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

Figu re  8  – Use  of  the  s i l i cone  g rease  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

Figu re  9  – Test  equ ipment  for thermal  res istance  across   the  th ickness  (runn ing  water 
tank speci fi cati on)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

Figu re  1 0  – Test  equ ipmen t for thermal  res is tance   across  the  th ickness  (co ld  p late)  . . . . . . . . . . . .  1 7  

Figu re  A. 1  – Example  of  classi f ication  and  thei r  appl ication   by base  materials ,  PCBs  
and  f i nal  products  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

Figu re  A. 2  – The  re lati on  between  thermal  conductive  parameter  (W/(mK) )   and  heat  
transfer  coeff ic ien t  parameter  (mapping  by substrate)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21  

 

Table  1  – Load  heat  (W)  correspond ing  to  range   of  thermal  res istance  on  the  plane  
(K/W)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

Table  2  – Load  heat  (W)  correspond ing  to  range  of  thermal   res istance  to  the  d i recti on  
of  the  th ickness  (K/W)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

  



IEC TR  61 1 89-3-91 4:201 7 © I EC  201 7  – 3  –  

Table  A. 1  – Appl ication  and  c lass i f i cation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

Table  A. 2  – The  re lati on  between  thermal  conductive  parameter (W/(mK) )   and  heat  
transfer  coeffic ien t  parameter (mapping  by zone)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21  

 

  



 – 4  – IEC  TR  61 1 89-3-91 4:201 7  © I EC  201 7  

INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
TEST METHODS FOR ELECTRICAL MATERIALS,  PRINTED BOARDS  
AND OTHER INTERCONNECTION STRUCTURES AND ASSEMBLIES –  

 
Part  3-91 4:  Test method  for thermal  conductivi ty of  printed   

ci rcui t  boards for h igh-brightness LEDs – Guidel ines  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  compri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  promote  
i n ternati onal  co-operat i on  on  al l  q uest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  act i vi t i es ,  I EC  publ i shes  I n ternati onal  S tandards ,  Techn i cal  Speci f i cat i ons ,  
Techn i cal  Reports ,  Publ i cl y  Avai l abl e  Speci f i cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmental  and  non -
governmental  organ i zati ons  l i a i s i ng  wi th  the  I EC al so  part i c i pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zat i on  for Standard i zat i on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reement  between  the  two  organ i zati ons.  

2)  The  formal  deci s i ons  or  ag reements  of  I EC on  techn i cal  matters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evan t  subjects  s i nce  each  techn i cal  comm i ttee  has  represen tati on  from  al l  
i n terested  I EC  Nati onal  Comm ittees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Comm i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  made  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or fo r  any  
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Comm i ttees  undertake  to  apply I EC  Publ i cat i ons  
transparentl y  to  the  maximum  extent  poss ible  i n  the i r  nati onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cat i on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cati on  shal l  be  cl earl y  i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependen t  cert i f i cat i on  bod ies  provi de  conform i ty  
assessment  servi ces  and ,  i n  some  areas,  access  to  I EC  marks  of  con form i ty.  I EC  i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i 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  o r agen ts  i ncl ud i ng  i n d i vi dual  experts  and  
members  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for  any personal  i n j u ry,  property  damage  or  
other damage  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l egal  fees )  and  
expenses  ari s i ng  ou t  o f  the  publ i cati on ,  use  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cat i ons .   

8)  Atten t i on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cati on  of  th i s  publ i cati on .  

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

The main  task of  IEC  techn ical  comm i ttees  i s  to  prepare  I n ternati onal  Standards.  However,  a  
techn ical  comm i ttee  may propose  the  publ ication  of  a  techn ical  report  when  i t  has  col l ected  
data of  a  d i fferent  ki nd  from  that  wh ich  i s  normal l y publ ished  as  an  I n ternati onal  Standard,  for  
example  "state  of  the  art" .  

I EC TR  61 1 89-3-91 4,  wh ich  i s  a  techn ical  report,  has  been  prepared  by I EC techn ical  
comm i ttee  91 :  E lectron ics  assembly technology.  
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The  text  of  th is  techn ical  report  i s  based  on  the  fo l l owing  documents:  

Enqu i ry d raft  Report  on  vot i ng  

91 /1 378/DTR  91 /1 403/RVC  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of  th is  techn ical  report  can  be  found  i n  the  
report  on  vot i ng  ind icated  i n  the  above  table.  

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

A l i s t  of  al l  parts  i n  the  I EC  61 1 89  series,  publ ished  under the  general  t i t l e  Test methods for 
electrical materials,  printed boards and other interconnection structures and assemblies,  can  
be  found  on  the  I EC websi te.  

The  comm ittee  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. i ec. ch "  i n  the  data re lated  to  
the  speci f i c  document.  At  th is  date,  the  document  wi l l  be   

•  reconfi rmed,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or  

•  amended.  

A bi l i ngual  vers ion  of  th is  publ icati on  may be  i ssued  at  a  l ater date.  

 

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

 

  



 – 6  – IEC  TR  61 1 89-3-91 4:201 7  © I EC  201 7  

INTRODUCTION  

Developmen t of  th is  techn ical  report  has  been  d iscussed  at  TC  91  P lenary meeting  i n  
Dongguan ,  Ch ina,  October 30,  201 5  as  per  91 /1 343A/RM  dated  on  January 22,  201 6.  

Th is  documen t was  developed  as  a  supplemen tary document to  the  IEC  61 1 89-3-91 3.  
Therefore,  th is  document  has  been  developed  as  techn ical  report.  

Th is  documen t i s  g i ven  for i n formation  on l y.  
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TEST METHODS FOR ELECTRICAL MATERIALS,  PRINTED BOARDS  
AND OTHER INTERCONNECTION STRUCTURES AND ASSEMBLIES –  

 
Part  3-91 4:  Test method  for thermal  conductivi ty of  printed   

ci rcui t  boards for h igh-brightness LEDs – Guidel ines  
 
 
 

1  Scope 

This  document speci f i es  the  detai led  procedures  and  precau tions  for I EC  61 1 89-3-91 3 .  

2 Normative references  

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

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

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

I EC  61 1 89-3-91 3,  Test methods for electrical materials,  printed boards and other 
interconnection structures and assemblies – Part 3-913: Test method for thermal conductivity 
of electronic circuit boards for high-brightness LEDs 

EIA/JEDEC STD  51 -2,  Integrated circuits thermal test method – Environmental conditions – 
Natural convection (still air)  

3 Terms and  defin i tions  

For the  purposes  of  th is  document,  the  terms  and  defi n i t i ons  g i ven  i n  I EC  601 94  appl y,  un less  
otherwise  speci f ied .  

ISO and  I EC  main tain  term ino log ical  databases  for use  i n  standard i zati on  at  the  fo l l owing  
addresses:  

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

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

4 Test  condi tion  

4.1  Standard  condi t ion  

Un less  otherwise  speci f i ed ,  tests  shou ld  al l  be  operated  under the  fo l l owing  s tandard i zed  
cond i t i ons  i n  accordance  wi th  the  I EC 60068-1 :201 3,  C lause  4:  

•  temperature:  1 5  °C  to  35  °C;  

•  re lati ve  hum id i ty:  25  % to  75  %;  

•  atmospheric  pressure:  86  kPa to  1 06  kPa.  

http://www.iso.org/obp
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I f  there  i s  any doubt  concern ing  the  testi ng  resu l ts  under standard ized  cond i t i on ,  or  upon  a  
request  to  check the  atmospheric  cond i t i on ,  the  re-exam inati on  shou ld  be  operated  under  
atmosphere  i n  accordance  wi th  I EC  60068-1 :201 3.  

I f  the  standard ized  atmosphere  i s  d i ff icu l t  to  provide,  testi ng  under non -standard i zed  
atmosphere  i s  acceptable  as  l ong  as  the  atmospheric  cond i t ion  does  not  affect  the  testi ng  
resu l ts .  

4.2  Speci fied  cond i tion  

The speci fi ed  cond i t ion  shou ld  be  in  accordance  wi th  the  cond i ti on  speci fied  i n  IEC  60068-
1 :201 3,  C lause  4:  

•  temperature:  20  °C  ±  2  °C;  

•  re lat i ve  hum id i ty:  60  % to  70  %;  

•  atmospheric  pressure:  86  kPa to  1 06  kPa.  

5 Pre-condi tion  

Pre-cond i t i on i ng  shou ld  be  in  accordance  wi th  a)  or  b)  be low:  

a)  l eave  the  specimen  for 24  h  i n  the  standard  cond i t i on ;  

b)  l eave  the  specimen  for 60  m in  i n  a  thermostat  chamber at  85  °C  ±  2  °C  and  then  l eave  the  
specimen  for  24  h  ±  4  h  i n  the  standard  atmospheric  cond i t i on .  

NOTE  Th i s  test  e l ement  g roup  (hereafter,  referred  to  as  TEG)  ch i p  i ncl udes  a  heater wi th  a  temperatu re  
measuri ng  sensor.  I n  th i s  document,  the  TEG  ch ip  i nd i cates  a  ch ip  wi th  a  temperatu re  measuri ng  sensor.  

6 Heat  d issipation  characteristics  

6.1  General  

For the  test  method  for thermal  conducti vi ty of  a  prin ted  c i rcu i t  board  (hereafter referred  to  as  
PCB)  for  h i gh -brigh tness  LEDs,  the  fo l l owing  factors  are  considered.  

•  The  test  method  i s  appl i ed  to  evaluate  the  re lati vi ty of  both  heat  transfer  and  thermal  
conducti vi ty of  PCBs  consist  of  heterogeneous  materials  as  shown  i n  F igu re  A. 2  i n  Annex  
A wh ich  describes  the  heat  transfer coeff ic i ent  parameter as  X-axi s  and  thermal  
conducti vi ty parameter as  Y-axis .  

•  The  I EC 61 1 89-3-91 3  employs  a TEG  ch ip  as  the  heat  source  to  repl i cate  the  heat  
generated  by LED  ch ips.  

•  Heat  d iss ipation  characterist ics  of  PCBs  depend  not  on l y on  the  thermal  conducti vi ty of  
the  material  properti es,  bu t  also  on  the  structure.  

•  I n  add i t ion ,  convecti on  and  rad iati on  from  the  specimen  su rface  shou ld  be  considered  as  
factors  to  affect  the  test i ng  resu l ts .  

•  Consideri ng  the  an isotropic  natu re  of  the  heat  d i ss ipation  of  PCBs,  d i fferen t  test  methods  
are  employed  for the  plane  (hori zon tal )  and  across  the  th ickness  (vertical )  d i rection .  The  
combination  of  these  tests  shou ld  repl i cate  a real i stic  envi ronment.  

•  A TEG  ch ip  i s  employed  wi th  fo l l owing  considerati ons:  

– measuring  a  smal l  heat  source  such  as  an  LED  wi th  thermocouples;  

– accuracy of  the  des ignated  thermal  em iss ivi ty may affect  the  measurement  resu l ts  of  
the  rad iation  thermometer.  

•  The  s i ze  of  the  specimen  and  the  power of  the  heat  source  are  based  upon  the  general  
appl ication  of  LEDs  and  PCBs.  
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•  Cons iderati ons  concern ing  the  se lecti on  of  materials:  

– se lect  materials  wi th  a l arge  thermal  conductivi ty for  the  PCB across  the  th ickness  
(vertical )  heat  rad iat ion  structure  for edge  l i g h ti ng  and  al ternati ve  LED  l i gh ts  to  
f l uorescent  lamps  as  shown  in  F igure  1 ;  

– se lect  materials  wi th  a l arge  heat  transfer  coeff i ci en t  for the  PCB i n  the  hori zon tal  
d i rection  (d i recti on  of  p lane)  as  shown  i n  F i gure  2.  

 

Figure 1  – Example of  PCB  wi th  l arge thermal  conductivi ty  

 

Figure 2  – Examples  of  PCBs wi th  l arge  heat  transfer  coeffi cients  

6.2  Measurement  of  thermal  resistance on  the  plane  

a)  Equ ipment  

– Use  the  equ ipment  speci f ied  i n  EIA/JEDEC STD  51 -2  (Integrated circuits thermal test 
method – environment conditions – natural convection  (still air) ) ,  or  equ ivalen t.  

– Set  a  specimen  and  a thermocouple  at  the  cen tre  of  the  chamber.  

– The  chamber shou ld  be  a  cubic  shape  and  a  s i de  of  the  chamber shou ld  be  30  cm .  

– The  schematic  d iagram  of  the  equ ipment  i s  shown  i n  F igure  3.  

IEC  

IEC  
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Dimensions  i n  cen t imetres  

 

1 )   Arrange  the  TEG  ch ip  at  the  cen tre  of  the  cabi net.  

2)   Ai r  temperatu re  i n  the  box shou l d  be  measured  by the  thermocouple  at  25  mm  below the  specimen .  

Figure 3  – I l lustrat ion  of  thermal  resistance  test  (for in formation)  

b)  Specimen  

– The  specimen  shou ld  be  as  i l l us trated  i n  F i gu re  4.  

– Use  a 5  mm  ×  5  mm  TEG  ch ip  that  i s  wi re-bonded  at  the  centre  of  the  specimen  as  a  
heat  source.  
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Dimensions  i n  m i l l imetres  

 

Figure 4  – Layout  of  the  specimen  surface for the thermal  resistance test  

c)  Pre-cond i t i on  

– Pre-cond i t i on i ng  shou ld  be  i n  accordance  wi th  C lause  5 .  

d )  Test  

– The  temperature  coeffici en t  of  the  TEG  ch ip  shou ld  be  obtained  before  testi ng .  

– The  specimen  shou ld  be  hori zon tal l y f i xed  i n  the  chamber.  

– After the  completion  of  the  set-up,  appl y power to  the  TEG  ch ip.  

– The  power appl ied  to  the  TEG  ch ip,  W,  depends  upon  the  thermal  res is tance,  Rp .  

– The  value  of  Rp  shou ld  be  se lected  from  Table  1 .  
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– Measure  the  temperatu re  of  the  TEG  ch ip,  Ts ,  and  the  ai r  temperatu re  of  the  chamber,  
Ta ,  after  the  temperature  of  the  TEG  ch ip  has  reached  stable  s tate.  

– The  thermal  res is tance  on  the  plane,  Rp,  shou ld  be  calcu lated  as  fo l l ows:  

Rp  =  (Ts  −  Ta) /W (K/W)  

– Heat  transfer  parameter,  he,  shou ld  be  calcu lated  from  the  fol l owing  equati on  us ing  Rp:  

5002,0

1

p ×
=

R
he  (W/m 2K)  

Table  1  – Load  heat  (W)  correspond ing  to  range  
of  thermal  resistance on  the plane (K/W)  

Appl ied  power (W)  Range of  thermal  resistance on  the plane (R
p
)  (K/W)  

0, 1  300  <  R
p
 

0 , 2  200  <  R
p
 <  300  

0 , 3  1 50  <  R
p
 <  200  

0 , 4  1 00  <  R
p
 <  1 50  

0 , 75  60  <  R
p
 <  1 00  

1 , 0  30  <  R
p
 <  60  

2 , 0  20  <  R
p
 <  30  

3 , 0  1 50  <  R
p
 <  20  

5, 0  5  <  R
p
 <  5  

1 0 , 0  R
p
 <  5  

 

6.3  Thermal  resistance across the  th ickness  

a)  Equ ipment  

Equ ipment shou ld  consi st  of  a  metal  b lock (al um in ium  or  copper)  that  can  ho ld  the  
specimen  speci f i ed  i n  6 . 2  d )  and  a cool i ng  system  to  keep  the  temperatu re  of  the  metal  
b lock constant.  The  apparatus  i s  shown  in  F i gu re  5.  

 

Figure 5  –Test  equ ipment  for thermal  resistance across the  th ickness  

b)  Specimen  

Specimen  shou ld  be  as  speci f ied  i n  6 . 2  d ) .  
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c)  Pre-cond i t i on ing  

Pre-cond i t i on ing  shou ld  be  as  speci f ied  i n  C lause  5 .  

d )  Test  

A specimen  wi th  TEG  ch ip,  whose  temperatu re  coeff ic i en t  has  al ready been  obtained,  
shou ld  be  f i xed  to  the  metal  b l ock wi th  screws.  

Thermal  conducti ve  material  such  as  thermal  g rease  shou ld  be  appl ied  i n  between  the  
specimen  and  the  metal  b lock to  reduce  thermal  res isti vi ty.  

Set  a  thermocouple  on  the  metal  b lock wi th i n  1 0  mm  from  the  edge  of  the  specimen .  

Another  thermocouple  i s  appl ied  i n  the  coolant  water  to  measure  the  water  temperature.  

As  shown  i n  F igure  5 ,  place  the  metal  b l ock i n  the  coo l ing  system ,  and  s tabi l i ze  the  water 
temperature.  

Appl y the  power to  the  TEG  ch ip  wi th  load  heat,  W.  The  l oad  heat,  W,  shou ld  be  selected  
from  Table  2  depend ing  on  the  thermal  res istance  across  the  d i recti on  R

t
.  

Temperature  of  the  TEG  ch ip,  Ts ,  shou ld  be  measured  wi th  the  fo l l owing  procedures:  

– check and  confi rm  Ts  i s  i n  the  stable  s tage;  

– check and  confi rm  d i fference  in  the  temperatu re  between  the  metal  b lock surface  and  
coolant  water i s  l ess  than  2  °C;  

– measure  Ts  and  Tb ,  the  temperature  of  the  metal  b lock.  

Thermal  res is tance  across  the  th ickness,  R
t
,  shou ld  be  calcu lated  as  fo l l ows:  

R
t
 =  (Ts   Tb)  /W (K/W)  

Thermal  conducti vi ty parameter,  Ke,  shou ld  be  calcu lated  as  fo l lows  us ing  R
t
:  

51 05,2 −
××

=

tR

t
Ke  (W/mK)  

where  

t  i s  the  th ickness,  expressed  i n  metres  (m )  

2, 5  ×  1 0−5  i s  the  moun ting  area of  temperature  measuring  sensor,  expressed  i n  m 2 .  

Table  2  – Load  heat  (W)  correspond ing  to  range of  thermal   
resistance to  the d i rection  of  the th ickness (K/W)  

Appl ied  power  
W 

Range of  thermal  resistance across the th i ckness  
K/W  

0, 1  300  <  R
t
 

0 , 2  200  <  R
t
 <  300  

0 , 3  1 50  <  R
t
 <  200  

0 , 4  1 00  <  R
t
 <  1 50  

0 , 75  60  <  R
t
 <  1 00  

1 , 0  30  <  R
t
 <  60  

2 , 0  20  <  R
t
 <  30  

3 , 0  1 5  <  R
t
 <  20  

5 , 0  5  <  R
t
 <  1 5  

1 0, 0  R
t
 <  5  
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6.4  Thermal  resistance measurement  procedures and  precautions  

6.4. 1  General  

Procedures  are  as  fo l l ows:  

•  upon  measurement,  the  res istance  value  shou ld  be  read  du ri ng  the  s table  state;  

•  measurement  shou ld  be  made i n  the  standard  atmospheric  cond i t i on .  

6.4.2  Die  attach  

The TEG  ch ip  shou ld  be  attached  to  the  PCB by metal  paste  (materials  of  better  thermal  
conducti vi ty such  as  Ag  paste,  etc. ) .  No  void  i s  al l owed  between  the  TEG  ch ip  and  the  PCB.  

The  th ickness  of  the  metal  paste  shou ld  be  approximatel y l ess  than  40  μm .  The  th ickness  
shou ld  be  measured  by a  measuri ng  m icroscope.  

6.4.3  Wire bond ing  

The  TEG  ch ip  and  PCB shou ld  be  wi re  connected.  I n  order to  avoid  the  abnormal  heat  
generation ,  the  speci fi cati on  of  wi re  shou ld  be  as  fo l l ows.  

•  Bond ing  wi re:  gold  wi re  φ  50  μm  ×  4  wi res  ×  4  corners .  

6.4.4  Temperature measuring  sensor (cal ibration)  

The temperatu re  of  the  sensor  shou ld  be  measured  i n  a  constan t  temperature  bath .  The  
measurement  i tems  are  as  fo l l ows:  

•  vo l tage  of  the  sensor;  

•  temperature  i n  the  constan t  temperature  bath .  

The  temperature  shou ld  be  measured  at  l east  3  t imes,  e . g .  40  °C,  80  °C,  and  1 20  °C.  
Measure  the  vo l tage  of  the  sensor and  the  temperature  i n  the  constan t  temperature  bath ,  1  h  
after the  temperature  i n  the  bath  has  been  stabi l i sed .  The  fo l l owing  cond i ti ons  are  
recommended:  

•  1  mA for the  sensor curren t;  

•  4- term inal  for  vo l tage  measurement;  

•  type  T  thermocouple  for temperature  measurement.  

6.4.5  Measurement  of  thermal  resistance on  the  plane  

Appl y an  arbi trary curren t  to  the  TEG  ch ip  and  measure  the  thermal  res istance  after reach ing  
the  exotherm ic saturation .  

I t  takes  30  m in  to  60  m in  to  reach  the  exotherm ic  saturati on  after  appl icati on  of  the  arbi trary 
curren t.  

The  same power suppl y shou ld  be  used  for the  TEG  ch ip  and  measurement  of  the  TEG  ch ip  
temperature  coeff icient.  

The  same vo l tmeter  shou ld  be  used  for  the  TEG  ch ip  and  measurement  of  the  TEG  ch ip  
temperature  coeff icient.  

The  same thermometer shou ld  be  used  for  the  TEG  ch ip  and  measurement  of  the  TEG  ch ip  
temperature  coeff icient.  
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I n  order to  avo id  a heat  generati on  i n  a  cable  caused  by a  curren t,  the  cable  that  connects  the  
heater  term inal  to  the  power suppl y shou ld  be  of  an  appropriate  th ickness.  

Duri ng  measurement,  the  perm issible  range  of  the  change  i n  ambient  temperature  shou ld  be  
wi th in  the  ±0, 2  °C.  

The  measurement shou ld  be  30  m in  to  60  m in  after  the  placement  of  the  specimen  i n  the  
chamber.  Examples  are  shown  i n  F i gure  6  and  F igure  7.  

Measurement  i tems  are  as  fo l l ows:  

•  vo l tage  at  the  sensor;  

•  vo l tage  at  the  heater;  

•  cu rren t  at  the  heater;  

•  ambien t  temperature;  

•  f latness  of  the  surface.  

The  fo l l owing  measuring  cond i t i ons  are  recommended :  

•  1  mA for the  sensor curren t;  

•  4- term inal  for  vo l tage  measurement at  the  sensor  and  heater.  

 

Figure 6  – Example of  attachment  of  the specimen  

IEC  
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Figure 7  – Example of  measurement  of  the thermal  resistance on  the  plane  

6.4.6  Thermal  resistance across the  th ickness  using  cold  plate  

Whi le  measuri ng  the  thermal  conducti vi ty across  the  th ickness  us ing  a co ld  p late,  part icu lar  
atten ti on  shou ld  be  paid  to  the  fo l l owing :  

•  i n  order to  avoid  vo ids ,  s i l i cone  g rease  shou ld  be  appl ied  i n  between  the  co ld  p late  and  
PCB  as  shown  i n  F i gure  8;  

•  appl y an  arbi trary current  to  the  TEG  ch ip  and  measure  the  thermal  res istance  after  
reach ing  the  exotherm ic  saturati on ;  

•  the  measurement  shou ld  be  30  m in  to  60  m in  after  reach ing  the  exotherm ic saturati on ;  

•  the  same power suppl y shou ld  be  used  for the  TEG  ch ip  and  the  measurement of  the  TEG  
ch ip  temperature  coeff ici en t;  

•  the  same vo l tmeter shou ld  be  used  for the  TEG  ch ip  and  the  measuremen t of  the  TEG  
ch ip  temperature  coeff icien t;  

•  the  same thermometer shou ld  be  used  for  the  co ld  p late  and  the  measu rement of  the  TEG  
ch ip  temperature  coeff icien t;  

•  i n  order to  avoid  a heat  generati on  i n  a  cable  caused  by a curren t,  the  cable  that  connects  
the  heater term inal  to  the  power  suppl y shou ld  be  of  an  appropriate  th ickness;  

•  the  PCB shou ld  be  vertical l y attached  to  the  co ld  p late  as  shown  i n  Figure  9  and   
Fi gu re  1 0 ;  

•  i t  takes  30  m in  to  60  m in  to  reach  the  stable  cond i t i on  for measuremen t;  

•  measurement  i tems  are  the  fo l lowing :  

– vo l tage  at  the  sensor;  

– vo l tage  at  the  heater;  

– cu rren t  at  the  heater;  

– temperature  of  the  co ld  p late;  

– th ickness  (across  the  th ickness  – vert ical ) .  

IEC  
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Figure 8  – Use  of  the si l icone g rease  

 

Figure 9  – Test  equ ipment  for thermal  resistance across  
the th ickness (runn ing  water  tank speci fi cation)  

 

Figure 1 0  – Test  equ ipment  for  thermal  resistance   
across the  th ickness  (cold  plate)  

IEC  

Substrate  

Si l i cone  g rease  

TEG  

Thermocouple  

Heat  s i nk  

IEC  
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The  fo l l owing  measuring  arrangements  are  recommended:  

•  1  mA for the  sensor curren t;  

•  the  t i gh ten ing  torque  shou ld  be  0, 3  Nm  when  bo l t i ng  (or screwing )  the  specimen  to  the  
co ld  p late;  

•  i f  the  warping  of  the  specimen  i s  marked,  a  re i n forcement  especial l y of  the  ci rcumference  
of  the  TEG  ch ip  to  the  co l d  p late  shou ld  be  appl ied;  

•  the  thermal  conductivi ty of  the  s i l i cone  g rease  shou ld  be  ≥ 1  W/m ·K;  

•  the  co ld  p late  shou ld  be  water-coo led ;  

•  the  change  of  the  coolan t  water temperature  du ri ng  the  measurement  shou ld  be  wi th in  
±0, 2  °C;  

•  the  temperatu re  of  the  coolan t  water  shou ld  be  mon i tored  and  con tro l l ed ;  

•  4- term inal  for  vo l tage  measurement  at  the  sensor  and  heater.  
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Annex A  
( i n formative)  

 
Classi fication  and  class of the PCB  

The class i f ication  and  class  of  the  PCB in  th is  document  shou ld  be  i n  accordance  wi th  the  
thermal  conducti vi ty and  i nsu lati on  propert i es  i nd i cated  i n  Table  A. 1 .  

•  The  primary class i f icati on  i s  based  upon  the  thermal  conductivi ty.  

•  The  secondary classi f ication  i s  based  upon  the  insu lation  property.  

Table  A. 1  – Appl ication  and  classi fication  

Primary 
cl assi fication  

(thermal  
conductivi ty)  

Defin i tion  

Secondary 
classi fi cation  
(i nsu lation  
property)  

Defin i ti on  

Thermal  
conductivi ty 
parameter  

W/(mK)  

Heat  transfer 
parameter  

 

W/(m 2K)  

Th e rm a l  
i m ped an ce  

 

( Km 2  /  W )  

A  
Standard  
boards  

I  
No  
speci f i cat i on  

<1  <1 0  

Thermal  
impedance  
can  be  
cal cu lated  
from  the  
measurement  
of  thermal  
conducti vi ty  
and  the  
i nverse  heat  
transfer 
parameter.  

I I  

E l ectri c  
s treng th  

<1  000  V  

I I I  

E l ectri c  
s treng th  

≤1  000  V  

B  
Thermal  
conducti ve  
boards  

I  
No  
speci f i cat i on  

≥1  <1 0  
I I  

E l ectri c  
s treng th  

<1  000  V  

I I I  

E l ectri c  
s treng th  

≤1  000  V  

C  
H i gh  thermal  
conducti ve  
boards  

I  
No  
speci f i cat i on  

≥1  ≥1 0  
I I  

E l ectri c  
s treng th  

<1  000  V  

I I I  

E l ectri c  
s treng th  

≤1  000  V  

E lectri c  s treng th  i s  shown  as  ‘ V’ ,  wh i ch  i s  the  rated  vo l tage.  
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Figure A. 1  – Example of  classi fication  and  thei r  appl ication   
by base materials,  PCBs and  fi nal  products  

Figu re  A. 1  i nd icates  the  fo l l owing  i tems:  

•  re lat ion  of  primary and  secondary classi f ication ;  

•  c l assi f ication  of  materials ;  

•  PCB  appl ications;  

•  c l assi f ication  of  PCB based  upon  appl ications .  

Class i f ication  based  upon  Table  A. 1  shou ld  be  as  ag reed  between  the  user and  the  suppl i er.  

Two  parameters  represen ting  thermal  properties  of  PCB materials  are  the  thermal  
conducti vi ty parameter and  the  heat  transfer  parameter.  

The  exam ination  of  these  two  properti es  made  i t  poss ible  to  c lass i fy PCBs  consisten t  wi th  
thermal  characterist ics .  

Res in-based  materials  ( res in - type  substrate)  can  be  class i f i ed  as  below by thermal  
conductivi ty parameters  based  upon  the  exis tence/non-existence  of  thermal  vias  and  thermal  
conductivi ty parameters:  

•  more  than  1  W/(mK) ;  

•  l ess  than  1  W/(mK) .  

I n  add i t i on ,  by us i ng  the  heat  transfer  parameter,  the  fo l l owing  c lassi f i cati ons  are  poss ible:  

•  res in -based  materials  ( resin  type  substrate)  – less  than  1 0  W/(m 2K) ;  

•  ceram ic/alum in ium  based  materials  (metal  core  substrate/ceram ic-type  substrate)  – more  
than  1 0  W/(m 2K) .  

Fi gu re  A. 2  and  Table  A. 2  i nd icate  the  detai l ed  in formation  on  the  classi f i cati on  and  class  of  
the  PCBs  for  h i gh-bri gh tness  LEDs  based  upon  the  thermal  conducti ve  parameter and  heat  
transfer  coeffic ien t parameter.  

IEC  
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Figure A.2  – The relation  between  thermal  conductive  parameter (W/(mK))   
and  heat  transfer coeffi cient  parameter (mapping  by substrate)  

Table  A.2  – The  relation  between  thermal  conductive parameter  (W/(mK))   
and  heat  transfer coeffi cient  parameter (mapping  by zone)  

I tems  

Heat  transfer  coeffi cien t  parameter  

W/(m 2K)  

<1 0  1 0≤  

Thermal  conducti ve  parameter W/(m  K)  
<1  A  －  

1 ≤  B  C  

 

IEC  

1 00  1 0  0  

Heat  transfer coeff i ci en t  parameter   (W/m 2K)  

0, 1  

1  

1 0  

T
h
e
rm
a
l 
c
o
n
d
u
c
ti
v
e
 p
a
ra
m
e
te
r 
  
(W
/m
K
) 

A  

B  C  

FPC  (0 , 08  mm )  

I EC  60249-2  N o  7 , 8  

FR-4  wi thou t  vi a  ( 1  mm )  

FR-4  wi thou t  vi a  ( 1 , 6  mm )  

I EC  60249-2  N o  6  

CEM-3  wi thou t  vi a  ( 1 , 6  mm )  

I EC  60249-2  N o  6  

CEM-3  wi th  vi a  ( 1 , 6  mm )  

I EC  60249-2  N o  6  

CEM-3  wi thou t  vi a  ( 1  mm )  

I EC  60249-2  N o  6  

CEM-3  wi th  vi a  ( 1  mm )  
IEC 60249-2 No 7,8 

FR-4 with  via (1  mm)  

I EC  60249-2  N o  7 , 8  

FR-4  wi th  vi a  ( 1 , 6  mm )  

Alum in i um  (1  mm )  

Ceram i c  (0 , 65  mm )  
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Annex B  
( in formative)  

 
Measurement  comparison  between  companies (plane)  

 

Thermal  res is tance  on  the  p lane  Rp  =  (Ts  −  Ta) /W (K/W)  

Ts :   temperature  of  the  TEG  ch ip,  i n  °C;  

Ta:   the  ai r  temperatu re  of  the  chamber,  i n  °C;  

W:   power appl ied  to  the  TEG  ch ip,  i n  W.  

Heat  transfer  parameter  he =  1 /Rp  ×  0 , 002  5 (W/m 2K)  

SH I IMA ELECTRONICS INC.  

CEM-3  1 . 6mmt  Non  TH  P lati ng   

T
s
 [ °C]  m /s  T

a
 [ °C]  Power [W]  

74, 8  0  24, 5  0 , 40  

 

Rp  =  (74, 8  –  24, 5) /0 , 40  (K/W)  he  =  1 /1 25,8  ×  0 , 002  5  =  3 , 1 8  (W/m 2K)  

Chem i tox,  I nc.  

CEM-3  1 , 6mmt  Non  TH  P lati ng   

T
s
 [ °C]  m /s  T

a
 [ °C]  Power [W]  

72, 2  0  25, 6  0 , 40  

 

Rp  =  (72 ,2  – 25, 6) /0, 40  (K/W)    he  =  1 /1 1 6, 5  ×  0 , 002  5  =  3 , 43  (W/m 2K)  

D i fference:  Abou t  7% 

Measurement  comparison  between  workers  (plane)  

Thermal  res is tance  on  the  p lane  Rp  = (Ts  −  Ta)/W (K/W)  

Ts :   Temperature  of  the  TEG  ch ip  

Ta:   The  ai r  temperatu re  of  the  chamber  

W:  Power appl i ed  to  the  TEG  ch ip  

Heat  transfer  parameter  he  =  1 /Rp  ×  0 , 002  5  (W/m
2K)  

SH I IMA ELECTRONICS INC.  

FR-4  1 . 6mm  TH  P lati ng  

 T
s
 [ °C]  m /s  T

a
 [ °C]  Power [W]  

Measurer A  75, 2  0  24, 2  0 , 34  

Measurer B  75, 9  0  24, 3  0 , 34  

Measurer C  75, 1  0  24, 2  0 , 34  
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Measurer A:   Rp  =  (75,2  −  24,2) /0, 34  (K/W)  he  =  1 /1 50 , 0  ×  0 , 002  5  =  2, 67  (W/m 2K)  

Measurer B:   Rp  =  (75,9  −  24,3) /0, 34  (K/W)  he  =  1 /1 51 , 8  ×  0 , 002  5  =  2, 64  (W/m 2K)  

Measurer C:   Rp  =  (75, 1  −  24,2) /0, 34  (K/W)  he  =  1 /1 49, 7  ×  0 , 002  5  =  2, 67  (W/m 2K)  

Di fference:  Abou t  1  %  

Measurement  comparison  between  companies (th ickness)  

Thermal  res is tance  across  the  th ickness  Rt  = (Ts  −  Tb) /W (K/W)  

Ts :   Temperature  of  the  TEG  ch ip  

Tb :   Temperatu re  of  the  metal  b l ock 

W:   Appl y the  power to  the  TEG  ch ip  wi th  l oad  heat  

Thermal  conducti vi ty parameter  ke  =  t/Rt  ×  2,5 ×  1 0
−5(W/mK)  

SH I IMA ELECTRONICS INC.  

Ceram ic  0 . 67mmt  

Ts  [ °C]  m /s  Tb  [ °C]  Power [W]  

76, 0  0  22, 4  4, 42  

 

Rt  =  (76, 0  −  22, 4) /4, 42  (K/W)   ke  =  0 , 000  671 /1 2, 1  ×  0 , 000  025 =  2 , 21 (W/mK)  

Chem i tox,  I nc.  

Ceram ic  0 , 67mmt 

Ts  [ °C]  m /s  Tb  [ °C]  Power [W]  

85, 1  0  22, 5  5 , 00  

 

Rt  =  (85, 1  −  22, 5) /5 ,00  (K/W)  ke  =  0,000  671 /1 2,5 ×  0,000  025 = 2,1 5 (W/mK)  

D i fference:  Abou t  3  %  

Measurement  comparison  between  workers  (th ickness)  

Thermal  res is tance  across  the  th ickness  Rt  =  (Ts  – Tb) /W (K/W)  

Ts :   Temperature  of  the  TEG  ch ip  

Tb :   Temperature  of  the  metal  b l ock 

W:   Appl y the  power to  the  TEG  ch ip  wi th  l oad  heat  

Thermal  conducti vi ty parameter  ke  =  t/Rt  ×  2,5 ×  1 0
−5  (W/mK)  
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SH I IMA ELECTRONICS INC.  

FR-4  1 . 6mmt TH  P lat i ng  

 T
s
 [ °C]  m /s  T

b
 [°C]  Power [W]  

Measurer A  75. 8  0  22, 1  3 , 84  

Measurer B  75. 9  0  22, 3  3 , 85  

Measurer C  75. 8  0  22, 2  3 , 80  

 

Measurer A:   Rt  =  (75, 8  −  22, 1 ) /3 , 84(K/W)  ke  =  0,000  1 6/1 4,0 ×  0,000  025 = 0,46 (W/mK) 

Measurer B:   Rt  =  (75, 9  −  22, 3) /3 , 85(K/W)  ke  =  0,000  1 6/1 3,9 ×  0,000  025 = 0,46 (W/mK) 

Measurer C:   Rt  =  (75,8  −  22, 2) /3, 80(K/W)  ke  =  0,000  1 6/1 4,1  ×  0,000  025 = 0,45 (W/mK) 

Di fference:  Abou t  2  %  

 

___________ 
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