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Part 29:  Electromechanical  relaxation  test method  for freestanding  
conductive th in  fi lms  under room 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  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternati onal  Organ i zation  for S tandard 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  comm i ttee  has  representati on  from  a l l  
i n terested  I EC National  Comm ittees.   

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  conten t 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 is i n terpretation  by any end  u ser.  

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

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

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

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi 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 denti fyi ng  any or a l l  such  patent  ri gh ts.  

I n ternational  Standard  I EC 62047-29  has  been  prepared  by subcommittee  47F :  
M icro-electromechan ical  systems,  of I EC  techn ica l  committee  47:  Sem iconductor devices .  

The  text of th is  I n ternational  Standard  i s  based  on  the  fol lowing  documents :  

FDIS  Report  on  voti ng  

47F/295/FDIS  47F/298/RVD  

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  I n ternational  Standard  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part 2 .  
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A l i s t of a l l  parts  i n  the  I EC 62047  series ,  publ i shed  under the  general  ti t le  Semiconductor 
devices – Micro-electromechanical devices,  can  be  found  on  the  I EC websi te .  

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

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

 

A b i l ingual  vers ion  of th is  publ ication  may be  issued  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.  
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SEMICONDUCTOR DEVICES –  
M ICRO-ELECTROMECHANICAL DEVICES –  

 
Part 29:  Electromechanical  relaxation  test method  for freestanding  

conductive th in  fi lms  under room temperature 
 
 
 

1  Scope 

This  part of I EC 62047  speci fies  a  re laxation  test method  for measuring  e lectromechan ical  
properties  of freestand ing  conductive  th i n  fi lms  for m icro-electromechan ical  systems  (MEMS)  
under con trol l ed  s train  and  room  temperature.  Freestand ing  th i n  fi lms  of conductive  materia ls  
are  extensivel y u ti l i zed  i n  MEMS,  opto-electron ics ,  and  fl exib le/wearable  e lectron ics  products.  
Freestand ing  th i n  fi lms  i n  the  products  experience  external  and  i n ternal  s tresses  wh ich  cou ld  
be  relaxed  even  under room  temperature  during  a  period  of operation ,  and  th is  relaxation  
l eads  to  time-dependent variation  of e lectrical  performances  of the  products.  Th is  test  method  
is  va l id  for i sotropic,  homogeneous,  and  l i nearl y vi scoelastic  materia ls.  

2  Normative references  

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

I EC 62047-2: 2006,  Semiconductor devices – Micro-electromechanical devices – Part 2:  
Tensile testing method of thin  film materials  

IEC 62047-3: 2006,  Semiconductor devices – Micro-electromechanical devices – Part 3: Thin 
film standard test piece for tensile  testing 

IEC 62047-8: 201 1 ,  Semiconductor devices – Micro-electromechanical devices – Part 8:  Strip  
bending test method for tensile property measurement of thin  films 

I EC 62047-21 : 201 4 ,  Semiconductor devices – Micro-electromechanical devices – Part 21 : 
Test method for Poisson’s ratio of thin  film MEMS materials  

I EC  62047-22 :201 4,  Semiconductor devices – Micro-electromechanical devices – Part 22: 
Electromechanical tensile test method for conductive thin  films on  flexible  substrates 

3 Terms and  symbols  

3. 1  Terms and  defin i tions  

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

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

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

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

Provided by IHS Markit under l icense with  IEC

http://www.electropedia.org/
http://www.iso.org/obp


 – 6  – I EC 62047-29:201 7  © I EC 201 7  

3. 1 . 1   
gauge  factor 
GF  

ratio  of the  re lati ve  change  in  e lectrical  res istance  R  to  the  change  in  mechan ical  stra in  (Δε)   

Note  1  to  en try:  Gauge  factor i s  defi ned  as  G
F
 =  (ΔR/R)/  Δε ,  where  ΔR  i s  the  change  i n  res i stance,  R  i s  the  

unstrai ned  res i stance,  Δε   i s  the  change  i n  the  mechan ical  s tra in .  R and  ΔR  a re  expressed  i n  ohms  and  Δε  i n  μm /m.  

3. 1 .2   
piezoresistive coefficient 
π  

ratio  of the  re lati ve  change i n  e l ectrica l  res isti vi ty ρ ,  to  the  change  in  appl ied  mechan ical  
stress  

Note  1  to  en try:  P iezoresisti ve  coeffi cien t  i s  defi ned  as  π  =  (Δρ/ρ )/Δσ ,  where  Δρ  i s  the  change  i n  res i sti vi ty,  ρ  the  

unstressed  res i sti vi ty,  Δσ   the  appl i ed  mechan ical  s tress.  Stress  i s  expressed  i n  Pascal  [Pa] .  

3.2  Symbols  and  designations  

The shape of a  test  p iece  and  symbols  are  presented  in  F igure  1  and  Table  1 ,  respectivel y.  
The  overal l  shape  of the  test  p iece  i s  s im i lar to  a  conventional  th i n  fi lm  or sheet test  p iece  for 
strip  bend ing  test (see  I EC  62047-8: 201 1 ) ,  and  i t  has  a  freestand ing  structure  and  four 
e lectric con tacts  for e lectrical  measurements .   

 

Key 

1  e l ectri cal  contacts  for fou r wi re  measurement 

2  test  p iece  

3  substrate  

Figure 1  – Freestanding  test  piece  

Table  1  – Symbols  and  designations  of a  test piece  

Symbol  Un i t  Designation  

l
1
 

l
2
 

h  

μm  

μm  

μm  

Gauge  l ength  for s trai n  and  res i stance  change  measurements  

Wid th  of a  test  p iece  

Th ickness  of a  test  p iece  

 

IEC  
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l1  

l 2
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4 Test piece  

4.1  General  

A test piece  shal l  be  prepared  us ing  the  same fabrication  process  as  the  target fi lm  of an  
actual  MEMS device.  Shaping  the  test p iece  shal l  be  performed  to  prevent formation  of cracks,  
flaws,  or de lam ination  in  the  test p iece.  

4.2  Shape of a  test piece  

The shape  of a  test p iece  i s  shown  i n  F igure  1 .  Because  the  change  i n  e l ectrical  res istance  i s  
re lated  to  stra in  or stress,  e l ectrica l  res istance  shal l  be  measured  in  a  reg ion  of un i form  strain .  
The  e lectrical  resistance  shal l  be  measured  us ing  four wire  method ,  and  th is  requ ires  four 
e lectric contacts  on  the  test p iece.  To  e l im inate  the  effect of the  fixed  boundary near the  g rips,  
the  gauge  l eng th  (l1 )  sha l l  be  at  least  20  times  l arger than  the  wid th  ( l2) .  The  wid th  shal l  be  
more  than  1 0  times  the  th ickness  (h ) .  

4.3  Measurement of d imensions  

Gauge  l ength  ( l1 ) ,  wid th  (l2) ,  and  th ickness  (h)  shou ld  be  measured  wi th  an  error of less  than  

±  5  %.  The  th ickness  shou ld  be  measured  accord ing  to  Annex C  of I EC  62047-2 :2006  and  i n  
Clause  6  of I EC 62047-3: 2006.  

5 Test principle  and  test apparatus  

5.1  Test principle  

The test  i s  performed  by appl ying  a  prescribed  tensi le  s tra in  to  a  test  piece  and  by measuring  
the  change  i n  e l ectrical  res istance  under constan t s tra in  for a  testing  period .  Both  the  
e lectrical  resistance  and  the  mechan ical  stress  re lax as  time,  and  the  ratio  of these  two 
quanti ti es  characterizes  the  p iezores isti ve  behaviour of a  tested  materia l .  To  th is  end ,  the  
tens i le  stra in  i nduced  by the  tens i le  l oad  shal l  be  un i form  i n  a  pre-defined  gauge  section  and  
shal l  be  i n  the  elastic  reg ion  of the  test p iece.  The  actuator of the  test mach ine  shal l  be  
con trol l ed  wi th  a  feedback loop  to  keep  the  s tra in  constan t s i nce  the  stra in  i n  th i n  fi lms  usual l y 
creeps  even  under room  temperature,  and  th is  l eads  to  deviation  of stra in  i n  the  test  p iece.  To  
measure  the  change in  e lectrical  res istance  under constant s tra in ,  the  gauge  section  for 
measuring  mechan ica l  stra in  shal l  be  coincident wi th  or scalable  to  that for measuring  
e lectrical  res istance.   

5.2  Test envi ronment 

Because electrical  properties  are  temperature  sensi ti ve,  fl uctuations  i n  temperature  during  the  
test sha l l  be  control led  to  be  l ess  than  ±  2  °C.  F lexib le  substrates  made of certa in  pol ymeric 
materia ls  can  be  sens i ti ve  to  hum id i ty;  thus,  the  change  i n  re lati ve  hum id i ty (RH)  i n  the  testing  
l aboratory shal l  be  con trol led  to  be  l ess  than  ±  5  %  RH  for such  materia ls.  

5.3  Test mach ine  

The  test mach ine  is  s im i l ar to  a  conven tional  tensi le  test  mach ine  except that i t  i s  capable  of 
feedback control  of appl i ed  stra in  and  measurement of e lectrical  res istance  during  the  test.  
The  e lectrical  resistance  shal l  be  measured  wi th  four wi re  method  (Kelvin  method)  to  exclude  
the  effects  of parasi tic  resistances  from  con tact and  l ead  wi res.  The  e lectrical  current for the  
four wi re  method  measurement shal l  be  as  smal l  as  possib le  to  prevent  the  test  p iece  from  
heating ,  bu t  to  provide  sufficien t measurement resolu tion  and  accuracy.  A schematic  of the  
test mach ine  i s  shown  i n  F igu re  2 .  A noncontact  stra in  measurement method  l i ke  d ig i ta l  image  
correlation  shal l  be  used  to  measure  the  s tra in  not to  d is tu rb  a  test p iece.  The  measured  
stra in  s i gnal  shal l  be  connected  to  the  test  mach ine  for the  feedback control .  
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5.4 Test procedure  

The  test procedure  is  as  fol l ows:  

a)  F ix a  test p iece  to  the  re laxation  test mach ine.  The  l ong i tud inal  d i rection  of the  test p iece  
shal l  be  a l i gned  wi th  the  actuating  d i rection  of the  test apparatus,  and  the  deviation  ang le  
shal l  be  l ess  than  1 °  as  described  i n  4 . 4  of I EC  62047-8: 201 1 .  

b)  Veri fy the  e lectrical  measurement un i t as  wel l  as  the  l oadcel l  and  s train  measurement un i t.  
The  three  s ignals  of force,  s tra in  and  resistance  shal l  be  recorded  s imu l taneousl y (see  5. 3  
of I EC 62047-22: 201 4) .  The  loadcel l  sha l l  be  accurate  to  the  nom inal  va lue  wi th in  0 , 25  %.  

c)  Appl y a  tensi l e  stra in  up  to  a  predeterm ined  l evel  i n  a  short  period .  The  stra in ing  period  is  
typ ica l l y l ess  than  1  s  for metal l ic  conductors ,  bu t sha l l  be  shorter when  the  target materia l  
i s  h i gh l y time-dependent.  The  predeterm ined  s tra in  l evel  shal l  be  chosen  in  an  e lastic 
range  of the  test p iece.  For example,  when  the  maximum  e lastic  stra in  of the  test  p iece  i s  
Eel  [μm /m] ,  the  stra in  levels  can  be  chosen  as  Eel /4,  2Eel /4,  3Eel /4 ,  and  Eel .  

d )  Hold  the  appl ied  stra in  for a  testing  period ,  and  measure  the  force  and  res istance  s i gnals  
s imu l taneousl y.  During  th is  hold ing  period ,  the  s tra in  shal l  be  control led  to  be  constan t,  
and  th is  shal l  be  veri fi ed  us ing  a  s train  measurement techn ique  such  as  d i g i ta l  image  
correlation .  The  s train  resolu tion  shal l  be  l ess  than  Eel /500,  and  the  measured  stra in  shal l  
be  accurate  to  the  nom inal  va lue  of the  maximum  stra in  wi th in  0, 2  %.  

e)  Un load  the  test p iece  after the  testing  period .  After testi ng ,  carefu l l y remove the  test p iece  
from  the  test  apparatus  to  prevent any add i tional  damage  on  the  test p iece.  I f poss ible ,  
preserve  the  test piece  for i nvestigation  us ing  e lectron  and  optical  m icroscopes .  

 

Key 

1  vol tmeter 

2  cu rren t sou rce  

3  markers  for stra i n  measuremen t  

4  actuator for appl yi ng  a  l oad  to  the  test  p iece  

5  l oadce l l  

Figure 2  – Experimental  setup  

5.5  Data analysis  

The p iezoresisti ve  coeffi cien t (π)  i s  obtained  from  the  ratio  between  two  relaxation  data  of 
e lectrical  res istance  and  mechan ical  s tress .  See  Annex A for the  test example  of freestand ing  
Au  th in  fi lm .  The  re laxation  modu lus  is  obtained  by d i vi d ing  the  re laxation  data  of mechan ica l  
stress  wi th  the  appl i ed  stra in .  The  gauge  factor i s  d i rectl y measured  by using  I EC 62047-

22 : 201 4,  and  i s  obtained  from  (1 +2ν+πE) ,  where  ν  i s  Poisson ’s  ratio  (shou ld  be  measured  by 
us ing  I EC 62047-21 : 201 4),  and  E  i s  Young ’s  modu lus  (shou ld  be  measured  by us ing  

I EC 62047-2: 2006).   
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6 Test report 

The test report sha l l  con tain  the  fol l owing  in formation :  

a)  reference  to  th is  I n ternational  S tandard ;  

b)  test p iece  i den ti fication  number;  

c)  test p iece  preparation  procedures;  

d )  test p iece  d imensions  and  thei r measurement method ;  

e)  description  of the  testing  apparatus;  

f)  measured  properties  and  resu l ts :  p iezoresisti ve  coefficien t,  stress  re laxation  curve  (stress  
versus  time),  con trol led  stra in  curve  (strain  versus  time),  e l ectrical  re laxation  curve  
(res istance  change  versus  time).  
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Annex A 
(informative)  

 
E lectromechanical  relaxation  test example  of freestanding  Au  fi lm  

A.1  Testing  overview 

The testing  equ ipment shown  i n  F igure  A. 1  i s  u ti l i zed  to  measure  e lectromechan ical  re laxation  
of freestand ing  Au  th i n  fi lm .  A p iezoelectric actuator appl ies  tens i le  stra in  to  the  freestand ing  
Au  fi lm  and  the  correspond ing  force  and  e lectrical  res istance  are  measured  s imu l taneousl y by 
a  l oad  cel l  and  an  e lectrical  measurement system .  The  appl ied  stra in  i s  measured  by 
correlation  wi th  the  images  obtained  by an  optical  m icroscope and  an  imag ing  camera.  The  
p iezoelectric actuator i s  con trol l ed  to  main tain  the  appl ied  s tra in  constant.  

 

 

 

a)  Photograph  of test equ ipment  b)  Schematic  for experimen tal  setup  

Key 

1  opti cal  system  for stra i n  measurement  

2  current  sou rce  

3  gol d  specimen  

4  l oadce l l  

5  substrate  

6  vol tmeter 

7  p iezoe lectri c  actuator 

Figure A. 1  – Photograph  of test  equ ipment and  a  schematic  
for experimental  setup  
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A.2  Testing  resul ts  

The testing  resu l ts  are  shown  in  F igure  A. 2 .  The  measured  stra in  shown  i n  F igu re  A. 2  a)  
i nd icates  that the  appl i ed  stra in  i s  con trol l ed  to  be  constan t.  The  measured  stra in  h is tory can  
be  regarded  as  the  Heavis ide  s tep  function .  The  ris ing  time  for maximum  stra in  value  is  l ess  
than  1  s  and  the  overshoot i s  neg l i g ib le.  The  stra in  i s  kept  constant during  the  enti re  period  of 
test for 4  d i fferen t stra in  l evels .  The  measured  s tress  data  i n  F igure  A. 2  b)  show that the  Au  
th i n  fi lm  has  a  stress  re laxation  behaviour,  wh ich  i s  typica l  for the  meta l l ic  th in  fi lm  even  
under room  temperature .  F igure  A. 2  c)  shows that the  e lectrical  res istance  a lso  re laxes  as  
time.  When  the  re laxation  modu lus  is  estimated  from  the  measured  s tra in  and  s tress,  the  
re laxation  modu l i  measured  from  4  d i fferent l evels  of appl i ed  stra in  are  overl apped  on  a  s ing le  
curve  as  shown  i n  F igure  A. 2  d ) ,  and  a  s ing le  fi tted  curve  i s  d isplayed  i n  the  fi gure.  Th is  
veri fies  the  l i near viscoelastic  behaviour of the  tested  Au  fi lm .  The  res istance  change  versus  
stress  graph  shown  i n  F igure  A. 2  e)  ind icates  that the  resistance  change  can  be  fi tted  by a  
l i near curve  du ring  stress  re laxation  tests .  The  s lope  of the  fi tted  curve  corresponds  to  a  
p iezores isti ve  coefficien t.  The  s lope  varies  from  2 , 82  ×  1 0 -5  MPa -1  to  3 , 07  ×  1 0 -5  MPa -1 .  
S ince  the  s tra in  i s  kept constan t during  the  test,  the  stress  re laxation  i nduces  the  change  in  
the  e lectrica l  res istivi ty wi thout  any d imensional  change.  Even  though  both  stress  and  
e lectrica l  res istance  re lax wi th  time,  bu t  they are  l i nearl y proportional  to  each  other.  
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a)  Strain  versus  time  b)  Stress  versus  time  

  

c)  Relati ve  resistance change  versus  time  d )  Relaxation  modu lus  versus  time  

 

e)  Relati ve  resistance  change versus  stress  

Figure A.2  – E lectromechanical  relaxation  data of freestand ing  
Au  fi lm  wi th  a  th ickness  of 1  μm  
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