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FLEXIBLE DISPLAY DEVICES –  

 
Part  6-1 :  Mechanical  test  methods – Deformation  tests  

 
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  com pri 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  prom ote  
i n ternati onal  co-operat i on  on  al l  quest 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 acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cati ons,  
Techn i cal  Reports ,  Publ i cl y  Avai l abl e  Speci f i cat i 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  m ay part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governm ental  and  non -
governm ental  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 zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reem ent  between  the  two  organ i zati ons.  

2)  The  form al  deci s i ons  or  ag reem ents  of  I EC  on  techn i cal  m atters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evant  subjects  s i nce  each  techn i cal  com m i ttee  has  representat i on  from  al l  
i n terested  I EC  N ati onal  Com m ittees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recomm endati ons  for  i n ternati onal  use  and  are  accepted  by I EC  Nati onal  
Com m i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  m ade  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  prom ote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Com m i ttees  undertake  to  apply I EC Publ i cati ons  
transparentl y  to  the  m axim um  extent  poss ible  i n  the i r  nat i onal  and  reg i onal  publ i cati ons .  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  c l 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 dependent  cert i f i cat i on  bod ies  provi de  con form i ty  
assessm ent  servi ces  and ,  i n  som e  areas,  access  to  I EC m arks  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,  em ployees,  servants  o r  ag en ts  i ncl u d i ng  i n d i vi dual  experts  and  
m em bers  of  i ts  techn i cal  com m i ttees  and  I EC  Nati onal  Com m i ttees  for  any personal  i n j u ry,  property  dam age  or  
other dam age  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l eg al  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  N orm ati 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  som e of  the  e l em ents  of  th i s  I EC  Publ i cat i on  m ay be  the  su bject  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 .  

I n ternati onal  Standard  I EC  6271 5-6-1  has  been  prepared  by I EC  techn ical  com m i ttee  1 1 0:  
E lectron ic  d isplay devices.  

Th is  second  ed i t i on  cancels  and  replaces  the  f i rst  ed i t i on  publ i shed  i n  201 4.  Th is  ed i t ion  
consti tu tes  a  techn ical  revis ion .  

Th is  ed i ti on  i ncludes  the  fo l l owing  s i gn i f i can t  techn ical  changes  wi th  respect  to  the  previous  
ed i t ion :  

a)  changed  the  part  t i t l e  to  d i fferentiate  i t  from  other  parts;  

b)  added  new bend ing  testi ng  m ethods;  

c)  added  detai l ed  testi ng  procedures.  
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The  text  of  th is  I n ternational  Standard  i s  based  on  the  fo l lowing  docum ents :  

FDI S  Report  on  vot i ng  

1 1 0/951 /FDI S  1 1 0/974/RVD  

 

Fu l l  i n form ation  on  the  voti ng  for the  approval  of  th is  I n ternati onal  Standard  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

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

A l i s t  of  al l  the  parts  i n  the  I EC  6271 5  series ,  under  the  general  t i t le  Flexible display devices,  
can  be  found  on  the  I EC  webs i te.  

The  com m i ttee  has  decided  that  the  con ten ts  of  th is  docum ent wi l l  rem ain  unchanged  un t i 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 ic  docum ent.  At  th is  date,  the  docum ent wi l l  be   

•  reconfi rm ed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  am ended.  

A bi l i ngual  vers ion  of  th is  publ ication  m ay be  i ssued  at  a  l ater date.  

 

IMPORTANT – The  'colour inside'  l ogo  on  the cover page  of  th is  publ ication  i nd 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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FLEXIBLE DISPLAY DEVICES –  
 

Part  6-1 :  Mechanical  test  methods – Deformation  tests  
 
 
 

1  Scope 

The  object  of  th is  part  o f  I EC  6271 5  i s  to  def ine  the  standard  test  m ethods  to  evaluate  the  
m echan ical  s tabi l i ty of  f l exible  d isplay m odu les ,  speci f ical l y m echan ical  s tabi l i ty against  
deform ation ,  such  as  bend ing ,  rol l i ng ,  twisti ng ,  and  s tretch ing .  D isplay m odu les  i ncl ude  
d isplays  such  as  LCD,  e-paper,  and  OLED.  Th i s  docum en t  takes  i n to  account,  wherever  
poss ible,  the  m echan ical  test  m ethods  ou tl i ned  under  m echan ical  s tress.  

2 Normative references  

The fo l l owing  docum ents  are  referred  to  i n  the  text  i n  such  a  way that  som e or al l  of  the i r  
con ten t  consti tu tes  requ i rem ents  of  th is  docum ent.  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  docum ent ( i nclud ing  
any am endm ents)  appl i es.  

IEC 62341 -5:2009,  Organic light emitting diode (OLED) displays – Part 5: Environmental 
testing methods 

3 Terms and  defin i tions  

No  term s  and  defi n i t i ons  are  l i s ted  i n  th is  docum ent.   

I SO and  I EC m ain tain  term inolog ical  databases  for use  i n  s tandard 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 Standard  atmospheric  condi tions  

The standard  atm ospheri c  cond i ti ons  i n  I EC  62341 -5:2009,  5 . 3 ,  shal l  apply as  fo l l ows,  un less  
otherwise  speci f i cal l y ag reed  between  custom er and  suppl ier.  

– Tem perature:   25  °C  ±  3  °C  

– Relati ve  hum id i ty:   25  %  RH  to  85  % RH  

– Atm ospheric  pressure:   86  kPa to  1 06  kPa 

When  al l  the  d i fferen t  ki nds  of  tests  are  carried  ou t,  the  tem perature  and  hum id i ty cond i t i on  
shal l  be  reported  because  the  tem peratu re  and  hum id i ty are  cri t ical  for  the  bend ing  and  ro l l i ng  
stabi l i ty regard ing  im age  qual i ty on  the  panel .  

NOTE  Preferably,  the  specimen  and  apparatus  are  kept  i n  a  con trol l ed  envi ronm ent  for at  l east  24  h  pri or  to  and  
after assem bly,  before  the  s tart  of  the  m echan ical  deform ati on  test.  
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5 Specimen  preparation  

5.1  General  

The specim en  shal l  be  the  d isplay m odu le  s i nce  the  f i nal  evaluati on  has  to  be  m ade  based  on  
panel  im age  qual i ty such  as  l um inance ,  ch rom atici ty,  un i form i ty,  l i ne  defect,  and  po in t  defect.  
The  bend ing  stress  m ay cause  the  deterioration  of  im age  qual i ty  on  a  panel ,  [1 ]  to  [9] 1 .   

5.2  Sample  preparation  

For the  m easurem ents  both  before  and  after  the  m echan ical  deform ation  test,  the  d isplay 
m odu le  being  tested  shal l  be  al i gned  on  an  appropriate  support  wh ich  has  to  be  a f l at  surface.  
I n  add i t ion ,  the  m odu le  for the  m easurem ent  shal l  be  of  the  appropriate  geom etry for  
m echan ical  s tress  test ing .  Speci fy that  the  test  apparatus  shou ld  be  des igned  to  preven t  
added  strai n  by s tretch ing  test  specim ens  upon  fo ld ing .  

The  preferred  m ethod  of  attachm ent  between  the  d isplay m odu le  and  the  test  apparatus  i s  
adhes ive  transfer  tape.  The  d i splay shou ld  be  bonded  on  both  s ides,  and  the  d istance  
between  the  centre  of  the  test  specim en  and  the  po in t  of  attachm ent  shou ld  be  speci f i ed .  I f  
use  scenarios  requ i re  i t ,  a  c lam ping  attachm en t m ay be  used  i nstead,  i n  wh ich  the  d isplay i s  
clam ped  on  one  s ide  and  al l owed  to  s l i de  on  the  o ther.  The  clam ping  force  shou ld  be  
su ffi ci ent  to  ensure  that  the  test  specim en  i s  f i rm ly anchored  to  the  test  apparatus  th roughou t  
the  en t i re  duration  of  the  test  cycle.  

I f  som e  m odu les  are  d i ff i cu l t  to  c lam p due  to  narrow edge  wid th ,  the  m odu le  shou ld  be  f ixed  
on  a bendable  support  substrate  wi th  a  su i table  adhesive  strip  or  g lue.  Nei ther  the  adhes ive  
stri p  nor  the  g l ue  shou ld  affect  the  m easurem ent.   

NOTE  I n  som e cases,  the  test i ng  specim en  can  have  a  short  l eng th  o r  has  a  very narrow edge  to  c l am p for  
m echan ical  s tress  testi ng .   

Speci fy that  i n  the  event  of  cross- i nstrum en t  variabi l i ty i n  the  form  of  l ocation  (centre  or  
edge) -response  b ias,  one  shou ld  i nvestigate  bend  axis  m isal i gnm en t,  bowing  or uneven  
m ounti ng  plates.   

For  precise  optical  m easurem ents,  i t  i s  very im portant  to  defi ne  the  al i gnm ent  of  the  
m easurem ent specim en  because  the  f l exible  d isplay m odu le  can  be  eas i l y deform ed  by 
external  force.  Measurem ents  of  the  visual  characteristics  of  a  f l exible  m odu le  shal l  be  m ade 
i n  an  al igned  f l at  s tate.  I f  f l exible  m odu les  are  al i gned  in  a  curved  state,  i t  i s  d i ff i cu l t  to  m ake a 
precise  visual  evaluati on .  The  m easurem ent  m odu le  shal l  be  supported  or f i xed  so  that  i t  i s  
f lat.  

The  f latness  and  s i ze  of  the  specim en  shal l  be  determ ined  between  the  suppl i er and  custom er.  

6 Mechanical  stress test  methods  

6.1  General  

Flexible  d isplays  have  a  d i vers i ty of  shapes  i n  com parison  wi th  any other  non-fl exible  
e lectron ic  d isplays.  Therefore,  a  wide  variety of  m echan ical  stress  test  methods  are  avai lable,  
such  as  a cycl ic  bend ing  ( fol d ing )  or  d ynam ic bend ing  test,  a  s tat ic  bend ing  test,  a  ro l l i ng  test,  
a  com bined  m echan ical  test  and  m ore.  The  selecti on  of  the  appropriate  test  m ethods  shal l  be  
based  on  the  requ i rem ent  of  the  appl icati on .  For each  m echan ical  s tress  test,  the  re levant  
test  m ethod  speci f ication  shal l  be  s tated  along  wi th  the  explanation  of  the  purpose  of  each  
un ique  test.  The  al l owable  cri t i cal  bend ing  rad ius  of  a  panel  depends  on  the  appl ication  of  the  
f lexible  d isplay.  Therefore,  the  requ i red  cri t ical  bend ing  rad ius  wi l l  be  changed  based  on  the  
appl ications .  

___________ 

1  Num bers  i n  square  brackets  re fer to  the  B i bl i og raphy.  
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There  are  several  factors  to  cons ider when  des ign ing  a re l i able  and  repeatable  m echan ical  
fo l d ing  or  deform ation  test  m ethod,  as  fo l l ows:  

– Motion  profi l es  con tro l led  by a s i ng le  h inge  (or  p i vot  axis)  and  wh ich  wrap around  a 
m andrel  can  s tretch  sam ples,  and  i f  not  precisel y actuated  or contro l led  can  create  a g reat  
deal  of  variabi l i ty i n  the  test  response.   

– Motion  profi l es  con tro l l ed  by m ore  than  one  h i nge  or p i vot  axis  can  prevent  added  
stretch ing  on  test  specim ens,  and  offer better contro l  of  the  test  response.   

– Clam ping  sam ples  can  prevent  shear between  layers  of  m u l t i - l ayer  test  specim ens  
con tain i ng  adhesive,  and  g reatl y im pact  test  response.   

– Add i ti onal  cons iderati ons,  such  as  attach ing  too  cl ose  to  the  apex of  the  bend,  and  fo ld  
axis  m isal i gnm ent  or  s l ig h t  d i stort i ons  i n  the  shape  of  the  m oun ting  plates ,  can  also  im pact  
re l i abi l i ty and  repeatabi l i ty of  the  test  response.   

– Sam ples  shou ld  be  pre-cond i t i oned  in  a  con tro l l ed  envi ronm ent  for at  l east  24  h  pri or  to  
test ing  as  m aterial  properties  for adhesives  and  po l ym ers  can  be  affected  by tem perature  
and  water uptake.  

6.2  Cycl i c  bend ing  test  

6.2. 1  General  

Th is  procedure  i s  for  cond i t i on i ng  the  specim en  under m echan ical  s tress  by repeated  bend ing .  

6.2.2  Purpose 

The purpose  of  th is  test  i s  to  provide  a  standard  procedure  for evaluati ng  the  robustness  of  a  
f lexible  d isplay against  a  cycl ic  bend ing  s tress  wh ich  m igh t  typical l y happen  i n  appl ication .  
The  bend ing  propert ies  m igh t  cover  several  typi cal  param eters  of  the  characterist ics  of  a  
d isplay panel 's  im age  qual i ty.  The  typical  param eters  of  a  d i splay panel 's  im age  qual i ty m ight  
cover  the  lum inance,  ch rom atici ty,  u n i form i ty,  l i ne  defect,  po i n t  defect,  p ixel  shri nk,  and/or  
presence  or absence  of  cracks.  

6.2.3  Test  apparatus  

The cycl ic  bend ing  test  equ ipm ent  i ncludes  the  clam p to  hold  a bend ing  test  specim en ,  the  
m oving  part  to  shu tt le ,  and  the  contro l  system  wh ich  regu lates  the  num ber of  cycl ic  bend ings,  
the  m oving  d istance,  and  the  m oving  speed  wh i l e  test i ng .  The  specim en  shal l  be  securel y 
clam ped  wi th  a g ripping  part  during  the  test.  Several  kinds  of  cycl i c  bend ing  test  equ ipm ent  i s  
avai lable  and  shown  in  Fi gu re  1 ,  [4] [7] [1 0] .  I t  i s  not  necessary that  a  certain  type  of  bend ing  
test  equ ipm ent  be  preferred  bu t  the  constan t  bend ing  rad ius  (r) ,  equal  to  the  rad ius  of  the  rod ,  
shou ld  be  kept  during  the  bend ing  test.  

NOTE  I f  the  bend i ng  rad i us  o f  the  test  specim en  i s  kept  constant  du ri ng  the  bend i ng  test,  the  bend ing  rod  can  be  
rem oved  as  i t  wou ld  scratch  the  su rface  of  the  test  specim en  du ri ng  the  cycl i c  bend i ng  test.  

For the  cycl i c  bend ing  test,  the  fo l lowing  apparatus  i s  cons idered :  

– the  specim en  experiences  a  bend ing  stress  when  the  specim en  i s  shu tt l ed  back and  forth  
(Fi gure  1 a) )  or  wh i l e  the  specim en  i s  fo l ded  and  unfo lded  (Fi gure  1 b) ) ,  

– when  the  specim en  i s  repeated l y m u l t i -ben t  i n  the  i nward  or ou tward  d i recti on ,  a  cycl ic  
m u l t i - i nward  bend ing  equ ipm ent (Fi gu re  1 c) )  or  cycl ic  m u l ti -ou tward  bend ing  equ ipm ent 
(Fi gure  1 d) )  can  be  used,  

– when  the  specim en  i s  repeated l y m u l t i -bent  i n  a  Z-shape,  a  cycl ic  m u l ti -bend ing  
equ ipm ent  can  be  used ,  

– when  the  specim en  i s  repeated l y ben t  i n  both  the  i nward  and  ou tward  d i rection ,  a  cycl ic  
i nward  and  ou tward  bend ing  equ ipm ent  can  be  used  (Fi gure  1 e)  and/or f) ) .    
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6.2.4  Test  procedure  

The  cycl i c  bend ing  test  shal l  be  perform ed  us i ng  a repeated  m otion  to  m ove  regu larl y 
between  two  po in ts  or  two  s tates  ( fo l ded  state  and  un fo lded  s tate)  as  fo l l ows:  

a)  Prepare  the  requ i red  num ber of  specim ens  accord ing  to  5. 2.  

b)  Perform  the  i n i t i al  perform ance,  vi sual  characteristics ,  test  for  the  prepared  specim ens  
and  record  the  resu l t .  

c)  One  edge  of  the  specim en  i s  f i xed  by the  c lam p,  or  f i xed  wi th  an  adhes ive,  and  the  o ther  
edge  i s  supported  properl y as  stated  i n  5 . 2.  

d )  Bend  the  specim en  properl y wi th  defi ned  cond i ti ons  such  as  the  rotati on  ang le  of  the  
clam p ro l l  and  the  bend ing  angu lar ve loci ty.  

e)  Bri ng  the  specim en  back to  the  i n i t ial  state  before  the  bend ing .  

f)  I f  requ i red,  bend  the  specim en  i n  another d i recti on  wi th  defi ned  condi t ions  such  as  the  
rotat ion  ang le  of  the  c lamp ro l l  and  the  bend ing  angu lar ve loci ty.  

g )  Bri ng  the  specim en  back to  the  i n i t i al  s tate  before  the  bend ing  wi th  the  sam e  angu lar  
ve loci ty and  reversed  d i recti on .  

h )  Repeat  d )  to  g )  for  a  defi ned  num ber of  cycles.  

i )  After the  test,  the  specimen  i s  rem oved  from  the  apparatus.  

j )  Repeat the  tests  wi th  (an )other specim en(s)  fo l l owing  c)  to  j ) .  

k)  The  stressed  perform ance,  vi sual  characteristics  of  the  m echan ical l y stressed  specim en(s)  
wi th  the  requ i red  num ber of  testings  are  m easured  and  the  resu l ts  are  recorded.  The  
i n i t ial  and  stressed  perform ances  are  com pared ,  and  the  degree  of  change  due  to  the  
bend  i s  determ ined.  

l )  The  test  and  perform ance  m easurem en t  for  i nd ivi dual  specim ens  are  conducted  and  
recorded  i n  the  test  report.  

6.2.5  Testing  condi t ions and  reporting  

The testing  cond i t ions  are  speci f ied  as  fo l lows:   

NOTE  1  The  num eri cal  val ues  of  the  test  cond i t i ons  are  exam ples.  

a)  bend ing  rad ius  

r (bend ing  rad ius) :  20  mm ,  1 0  mm ,  5  m m ,  3  mm ,  2  m m ,  1  mm ,  0 , 5  mm ,  0, 2  m m   

b)  bend ing  ang le  and  angu lar ve loci ty,  procedure  for  one  cycle  

t  ( t im e  for one  bend  and  i n terval  ) :  0 , 5  s ,  1  s ,  2  s ,  3  s ,  5  s ,  1 0  s  

c)  l oad  

d)  num ber of  repeati ng  cycles  

e)  cri teria for  acceptance  

f)  num ber of  specim ens  

g )  the  bend ing  i nner surface  i s  the  top surface  ( face  up)  or  the  back s ide  surface  ( face  down)  

h )  way of  ho ld i ng  specim ens  and  detai l ed  m ethod  of  ho ld ing ,  such  as  pressure  

i )  su rface  cond i t i on  (such  as  treatm ent)  of  both  specim en  and  apparatus  

j )  testing  of  envi ronm ental  cond i t i ons,  such  as  tem peratu re  and  hum id i ty.  

NOTE  2  The  cri teri a  for  acceptance  i ncl ude  the  vi sual  perform ance  and  specim en  g eom etry both  before  and  after  
the  s tress i ng .  

Al l  cond i t i ons  shal l  be  reported  i f  the  test  uses  cond i t ions  other  than  those  m enti oned  above.  
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a)  Cycl ic  bend ing  (sl i d ing )  equ ipment  b)  Cycl i c  bend ing  equ ipment  

 
 

c)  Cycl ic  mu l ti - inward  bend ing  equ ipment  d )  Cycl i c  mu l ti -ou tward  bend ing  equ ipment  

 

 

 

 

  

e)  Cycl ic  mu l ti -bend ing  equ ipment  f)  Cycl ic  i nward  and  ou tward  bend ing  equ ipment  

 

Figure 1  – Apparatus for d iverse  cycl ic  bending  tests  
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6.3  Static  bending  test  

6.3. 1  General  

This  test  i s  especial l y appl icable  for evaluati ng  the  s tatic  bend ing  properti es  of  a  f l exible  
d isplay device  by m easu ri ng  i ts  perform ance  after  i t  rem ains  bent  for  a  certain  peri od  of  t im e.  
Each  specim en  i s  bent  at  a  f i xed  bend ing  rad ius  for any l eng th  of  t im e.  

6.3.2  Purpose 

Th is  test  i s  to  provide  a  standard  procedure  for  evaluati ng  the  static  bend ing  propert ies  of  a  
f lexible  d isplay device  under  constan t  s tress  for  a  certai n  peri od  of  t im e.  Each  specim en  i s  
ben t  at  a  f i xed  bend ing  rad ius  for a  contro l led  l eng th  of  t im e.  

6.3.3  Test  apparatus  

The body of  the  d isplay panel  shal l  f i rm l y adhere  to  the  su rface  of  the  test  equ ipm ent  during  
the  test,  where  the  test  equ ipm en t  shou ld  have  a  round  shape wi th  a certain  rad ius  as  i n  
Figu re  2 .  The  specim en  shal l  be  ben t  at  a  f i xed  bend ing  rad ius  for a  period  of  t im e.   

I f  the  bend ing  rad ius  of  the  test  specim en  i s  kept  constan t  duri ng  the  bend ing  test,  the  
bend ing  rod  can  be  removed  as  i t  m ay scratch  the  su rface  of  the  test  specim en  duri ng  the  
stat ic  bend ing  test.  During  the  test,  the  f lexible  pri n ted  c i rcu i t  (FPC)  and  the  dri ver shou ld  be  
carefu l l y hand led  so  that  they are  not  subject  to  bend ing  dam age.  The  ch ip-on-f i lm  (COF)  
m ethod  i s  preferable  i n  order  to  avoid  the  occurrence  of  bend ing  dam age  on  the  dri ver's  
i n tegrated  c i rcu i t  ( IC)  duri ng  the  bend ing  test.   

 

Figure 2  – Apparatus for static  bending  test  

6.3.4  Test  procedure  

The s tatic  bending  test  shal l  be  carried  ou t  wi th  a  f i xed  bend ing  rad ius  for  a  certai n  period  of  
tim e,  as  fo l lows:  

a)  Prepare  the  requ i red  num ber of  specim ens  accord ing  to  5. 2.  

b)  Perform  the  i n i t i al  perform ance,  visual  characterist ics ,  test  for  the  prepared  specim ens  
and  record  the  resu l t .  

c)  One  edge  of  the  specim en  i s  f i xed  by the  c lam p and  the  other edge  i s  supported  properl y.  

d )  Bend  the  specim en  properl y wi th  defi ned  cond i ti ons  such  as  the  rotati on  ang le  of  the  
clam p ro l l  and  the  bend ing  angu lar ve loci ty.  

e)  Keep the  specim en  bent  for certain  peri od  of  t im e.  

f)  Bri ng  the  specim en  back to  the  i n i t ial  s tate  before  the  bend ing .  

g )  Repeat  d )  to  f)  for  a  def ined  num ber of  tests .  

h )  After the  bend ing ,  the  specim en  i s  rem oved  from  the  apparatus.  

i )  Repeat the  tests  wi th  (an )other specim en(s)  fo l l owing  c)  to  g ) .  

j )  The  s tressed  perform ance  and  visual  characterist i cs  of  m echan ical l y stressed  specim en(s)  
wi th  the  requ i red  num ber of  testi ngs  are  m easured ,  and  the  resu l ts  are  recorded.  The  
i n i t ial  and  stressed  perform ances  are  com pared,  and  the  degree  of  change  due  to  bend ing  
i s  determ ined.  

k)  The  test  and  perform ance  m easurem en t  for  i nd i vi dual  specim ens  are  conducted  and  
recorded  i n  the  test  report.  

IEC  
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6.3.5  Testing  cond i t ions and  reporting  

The test ing  cond i t ions  are  speci f ied  as  fo l lows:  

NOTE  1  The  num eri cal  val ues  of  the  test  cond i t i ons  are  exam ples.   

a)  bend ing  rad ius  

r (bend ing  rad ius) :  20  mm ,  1 0  mm ,  5  m m ,  3  mm ,  2  m m ,  1  mm ,  0 , 5  mm ,  0, 2  m m  

b)  bend ing  ang le  

c)  ho ld ing  durati on  

d)  l oad  

e)  cri teria for  acceptance  

f)  num ber of  specim ens  

g )  the  bend ing  i nner surface  i s  the  top surface  ( face-up)  or  backside  surface  ( face-down)   

h )  way of  ho ld i ng  specim ens  and  detai l ed  m ethod  of  ho ld ing ,  such  as  pressure  

i )  su rface  cond i t i on  (such  as  treatm ent)  of  both  specim en  and  apparatus  

j )  testing  of  envi ronm ental  cond i t i ons,  such  as  tem perature  and  hum id i ty  

NOTE  2  The  cri teri a  for  acceptance  i ncl ude  vi sual  perform ance  and  specim en  g eom etry both  before  and  after the  
s tress i ng .  

Al l  cond i t i ons  shal l  be  reported  i f  the  test  uses  cond i t ions  other  than  those  m enti oned  above.  

6.4  Combined  bending  test  

6.4. 1  General  

This  test  i s  especial l y appl icable  for evaluati ng  two  kinds  of  bend ing  properti es  (cycl ic  
bend ing  properties  and  s tat ic  bend ing  propert i es  (see  Figure  3) )  of  the  f l exible  d isplay device,  
after  the  f l exible  d isplay rem ains  i n  the  curved  shape for  a  certain  peri od  of  t im e  and  goes  
th rough  the  cycl ic  bend ing  cond i ti on  for a  certai n  peri od  of  t im e  i n  real  use  envi ronm ent.   

6.4.2  Purpose 

The obj ecti ve  of  th is  test  i s  to  provide  a  standard  procedure  for evaluati ng  the  com bined  
bend ing  properti es  of  cycl i c  bend ing  and  durati on  t im e  bend ing .  Th is  test  aim s  to  take  the  real  
product  use  envi ronm en t i n to  cons ideration ,  wh ere  the  real  product  keeps  the  panel  i n  a  
curved ,  fo l ded ,  or  ro l l ed  shape  for  a  l ong  t im e  when  i t  i s  used  or  before  i t  i s  ro l l ed  ou t.   

6.4.3  Test  apparatus  

The com bined  bend ing  test  u t i l i zes  the  sam e apparatus  as  the  cycl i c  bend ing  test  as  shown  in  
Fi gu re  3 .  The  i nstrum en t contro l l er shal l  be  capable  of  s topping  the  m echan ism  wh i le  the  
specim en  i s  i n  a  ben t  s tate  during  each  i terati on  o f  the  cycle.   

6.4.4  Test  procedure  

The cycl i c  bend ing  test  procedure  i s  m od i f ied  to  i nclude  a ‘ hold ’  of  ad justable  du ration  
between  each  i teration  of  the  cycle  where  the  specim en  rem ains  i n  a  fu l l y ben t  state  [4]  as  
fo l l ows:  

a)  Prepare  the  requ i red  num ber of  specim ens  accord ing  to  5. 2.  

b)  Perform  the  i n i t i al  perform ance,  vi sual  characterist ics ,  test  for  the  prepared  specim ens  
and  record  the  resu l t.  

c)  One  edge  of  the  specim en  i s  f i xed  by the  clam p and  the  other edge  i s  supported  properl y.  

d )  Bend  the  specim en  properl y wi th  defi ned  cond i ti ons  such  as  the  rotati on  ang le  of  the  
clam p ro l l  and  the  bend ing  angu lar ve loci ty.  
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e)  Bri ng  the  specim en  back to  the  i n i t ial  s tate  before  the  bend ing .  

f)  After perform ing  a  certain  num ber of  t im es  the  bend ing  test  i n  d )  and  e) ,  bring  the  
specim en  i n  a  fu l l y ben t  s tate,  then  ho ld .  

g )  After certai n  a period  of  t im e  on  ho ld ,  bri ng  the  specim en  back to  the  i n i t ial  state.  

h )  I f  requ i red,  bend  the  specim en  i n  another d i rection  wi th  defi ned  condi t ions  such  as  the  
rotati on  ang le  of  the  c lamp ro l l  and  the  bend ing  angu lar ve loci ty.  

NOTE  I f  requ i red ,  the  specimen  and  apparatus  are  set  i n  a  proper sett i ng ,  such  as  rotat i on  of  the  rod ,  etc.  

i )  The  bent  m odu le  i s  retu rned  to  the  i n i ti al  s tate  before  the  bend ing  wi th  the  sam e angu lar  
ve loci ty and  reversed  d i recti on .  

j )  After perform ing  a certain  num ber of  t im es  the  bend ing  test  i n  h )  and  i ) ,  bri ng  the  
specim en  i n  the  fu l l y ben t  state,  and  then  ho ld .  

k)  After the  test,  bring  the  specim en  back to  the  in i t i al  s tate .  

l )  Repeat  d )  to  k)  for  a  defi ned  num ber of  cycles.  

m )  Bring  the  specim en  back to  the  i n i t ial  s tate.  

n )  Repeat  the  test  wi th  (an) other specim en(s)  fo l l owing  c)  to  m ) .  

o)  The  s tressed  perform ance  and  visual  characteristics  of  the  m echan ical l y stressed  
specim en(s)  wi th  the  requ i red  num ber  of  test ings  are  m easured ,  and  the  resu l ts  are  
recorded.  The  i n i t i al  and  stressed  perform ances  are  com pared ,  and  the  degree  of  change  
due  to  the  bend  i s  determ ined.  

p)  The  test  and  perform ance  m easurem ent  for  i nd ividual  specim ens  are  conducted  and  
recorded  i n  the  test  report.  

 

a)  Combined  bend ing  test  A 

 

b)  Combined  bend ing  test  B  

Figure 3  – Apparatus  for combined  bend ing  tests  consisting  
of  the cycl i c  bending  test  and  stat ic  bending  test  

6.4.5  Testing  condi t ions and  reporting  

The testing  cond i t ions  are  speci f ied  as  fo l lows:  

NOTE  1  The  num eri cal  val ues  of  the  test  cond i t i ons  are  exam ples.   

a)  bend ing  rad ius  

r (bend ing  rad ius) :  20  mm ,  1 0  mm ,  5  m m ,  3  mm ,  2  m m ,  1  mm ,  0 , 5  mm ,  0, 2  m m  
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b)  bend ing  ang le  and  angu lar ve loci ty,  procedure  for  one  cycle  

t  ( t im e  for one  bend  and  i n terval  ) :  0 , 5  s ,  1  s ,  2  s ,  3  s ,  5  s ,  1 0  s  

c)  duration  of  ‘ ho ld ’  s tate  

d)  l oad  

e)  num ber of  repeati ng  cycles  

f)  cri teria for  acceptance  

g )  num ber of  specim ens  

h )  the  bend ing  inner surface  i s  the  top surface  ( face  up)  or  backside  su rface  ( face  down)  

i )  way of  ho ld ing  specim ens  and  detai l ed  m ethod  of  ho ld ing ,  such  as  pressure  

j )  su rface  cond i t i on  (such  as  treatm ent)  of  both  specim en  and  apparatus  

k)  testing  of  envi ronm ental  cond i t i ons,  such  as  tem perature  and  hum id i ty  

NOTE  2  The  cri teri a  for  acceptance  i ncl ude  the  vi sual  perform ance  and  specim en  g eom etry both  before  and  after  
the  s tress i ng .  

Al l  cond i t i ons  shal l  be  reported  i f  the  test  uses  cond i t ions  other  than  those  m enti oned  above.  

6.5  Rol l ing  test  

6.5. 1  General  

This  test  i s  especial l y appl icable  for  evaluati ng  the  ro l l i ng  propert ies  of  a  f lexible  d isplay 
m odu le  after  a  f l exible  d i splay i s  ro l led  ou t,  ro l led  i n ,  or  rem ains  i n  the  shape  of  a  ro l l .   

6.5.2  Purpose  

The  objecti ve  of  th is  test  i s  to  provide  a  s tandard  procedure  for  evaluating  the  robustness  of  
the  ro l l i ng  properties  of  the  f l exible  d isplay panel .  

6.5.3  Test  apparatus   

The specim en  shal l  be  f i rm ly clam ped  wi th  a g ri pping  part  on  the  rol l er  s i de  and  on  the  
stationary s i de.  The  ro l l er shal l  be  m oved  forward  and  backward  al ternate l y at  a  f i xed  
d istance,  speed,  and  ro l l i ng  num ber  as  i n  F igure  4.  The  ro l l er  s ide  has  a  s lot  where  the  edge  
of  the  specim en  i s  i nserted  and  c lam ped.  The  ro l l er  repeated l y shu tt l es  along  the  rol l er  shaft  
and  the  specim en  does  not  touch  the  p late  of  the  equ ipm ent du ri ng  the  ro l l i ng  test  as  shown  
i n  F i gu re  4 .   

Duri ng  the  test,  the  FPC and  the  dri ver shou ld  be  carefu l l y hand led  so  that  they are  not  
subj ected  to  twist  dam age.  The  COF m ethod  i s  preferable  i n  order to  preven t  the  occurrence  
of  twist  dam age on  the  dri ver's  IC  during  the  bend ing  test.   
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Figure 4  – Apparatus for ro l l ing  test  

6.5.4  Test  procedure  

The  ro l l i ng  test  shal l  be  perform ed  as  fo l lows:  

a)  Prepare  the  requ i red  num ber of  specim ens  accord ing  to  5. 2.  

b)  Perform  the  i n i t i al  perform ance,  visual  characteris tics ,  and  test  for  the  prepared  
specim ens  and  record  resu l t .  

c)  Each  specim en  s i ze  i s  m easured  and  recorded .   

d )  One  edge  of  the  specim en  i s  f i xed  on  the  ro l l  as  shown  i n  F i gu re  4  and  the  other  edge  
clam p i s  supported  wi th  an  i nd i vidual l y defi ned  load .  Al i gn  the  specim en  wi th  the  top  
surface  on  the  i nner  or  the  ou ter  s i de  of  the  ro l l er.   

e)  Ro l l  the  specim en  wi th  def ined  cond i t ions  such  as  ro l l i ng  rad ius,  ro l l i ng  d istance,  ro l l i ng  
angu lar  veloci ty and  l oad .  

f)  Bri ng  the  specim en  back to  the  in i t ial  s tate  before  the  rol l i ng ,  wi th  the  sam e angu lar 
ve loci ty and  reversed  rotat ion  d i rection .  

g )  Repeat  d )  to  e)  for  a  def i ned  num ber  of  cycles.  I t  i s  opti onal  to  test  the  other  surface  s ide  
at  the  sam e cond i t ions,  th is  bei ng  done  by agreem ent between  suppl ier  and  custom er.  I n  
th is  case,  fo l low d)  to  g )  wi th  the  reversed  su rface  s i de.  

h )  After the  test,  rem ove  the  specim en  from  the  apparatus.  

i )  Repeat the  test  wi th  (an) other specim en(s)  fo l l owing  c)  to  h ) .  
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j )  The  stressed  perform ance,  e lectrical  and  optical  characteristics  of  the  m echan ical l y 
stressed  m odu le(s)  wi th  the  requ i red  num ber  of  testi ngs  are  m easured,  and  the  resu l ts  are  
recorded.  The  i n i t i al  and  stressed  perform ances  are  com pared ,  and  the  degree  of  change  
due  to  the  ro l l i ng  test  i s  determ ined.   

k)  The  test  and  perform ance  m easurem en t  for  i nd ividual  specim ens  are  conducted  and  
recorded  i n  the  test  report.  

6.5.5  Testing  condi t ions and  reporting  

The testing  cond i t ions  are  speci f ied  as  fo l lows:   

a)  ro l l  rad i us  

b)  angu lar  veloci ty,  procedure  for  one  cycle  

c)  ho ld ing  durati on  

d)  l oad  

e)  num ber of  repeati ng  cycles  

f)  cri teria for  acceptance  

g )  num ber of  specim ens  

h )  ro l l i ng  i nner  surface  ( top  surface  or back surface)  

i )  way of  ho ld i ng  specim ens  and  detai l ed  m ethod  of  ho ld ing ,  such  as  pressure  

j )  su rface  cond i t i on  (such  as  treatm ent)  of  both  specim en  and  apparatus  

k)  testing  of  envi ronm ental  cond i t i ons,  such  as  tem peratu re  and  hum id i ty.  

NOTE  The  cri teri a for  acceptance  i ncl u de  the  vi su al  perform ance  and  specim en  geom etry both  before  and  after  
the  s tress i ng .  

Al l  cond i t i ons  shal l  be  reported  i f  the  test  uses  cond i t ions  o ther  than  those  m enti oned  above.  

6.6  Static  ro l l ing  test  

6.6. 1  General  

This  test  i s  especial l y appl icable  for evaluati ng  the  static  rol l i ng  properti es  of  a  f lexible  d isplay 
m odu le  after  a  f l exible  d i splay i s  ro l led  ou t,  ro l led  i n ,  or  rem ains  i n  the  shape  of  a  ro l l .  

6.6.2  Purpose 

The objecti ve  of  th is  test  i s  to  provide  a  s tandard  procedure  for  evaluating  the  robustness  of  
the  s tat ic  ro l l i ng  propert ies  of  the  f lexible  d isplay panel .  

6.6.3  Test  apparatus  

The specim en  shal l  be  f i rm ly c lam ped  wi th  a g ripping  part  on  the  rol l er  s i de  and  on  the  
stationary s i de.  The  ro l l er shal l  be  m oved  forward  and  backward  al ternate l y at  a  f i xed  
d istance,  speed,  and  ro l l i ng  num ber as  i n  F igure  4.  The  ro l l er  s ide  has  a  s l ot  where  the  edge  
of  the  specim en  i s  i nserted  and  clam ped.  The  ro l l er  repeated l y shu tt l es  along  the  rol l er  shaft  
and  the  specim en  does  not  touch  the  plate  of  the  equ ipm ent  du ring  the  ro l l i ng  test  as  shown  
i n  F i gu re  4.   

Du ri ng  the  test,  the  FPC and  the  dri ver shou ld  be  carefu l l y hand led  so  that  they are  not  
subj ected  to  twist  dam age.  The  COF m ethod  i s  preferable  i n  order to  preven t  the  occurrence  
of  twi st  dam age on  the  dri ver IC  du ri ng  the  bend ing  test.   
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6.6.4  Test  procedure  

The ro l l i ng  test  shal l  be  perform ed  as  fo l lows:  

a)  Prepare  the  requ i red  num ber of  specim ens  accord ing  to  5. 2.  

b)  Perform  the  i n i t i al  perform ance,  visual  characteristics ,  test  for  the  prepared  specim ens  
and  record  the  resu l t .  

c)  Each  specim en  s i ze  i s  m easured  and  recorded .   

d )  One  edge  of  the  specim en  i s  f i xed  on  the  ro l l  as  shown  i n  F igure  4  and  the  other  edge  
clam p is  supported  wi th  an  i nd i vi dual l y defi ned  load.  Al i gn  the  specim en  wi th  the  top  
surface  on  the  i nner  or  the  ou ter s i de  of  the  ro l l er.   

e)  Rol l  the  specim en  wi th  def ined  condi t ions  such  as  ro l l i ng  rad ius ,  ro l l i ng  d istance,  ro l l i ng  
angu lar  veloci ty and  l oad .  

f)  Ho ld  the  specim en  i n  a  ro l l ed  shape  for a  certain  period.  

g )  Bri ng  the  specim en  back to  the  in i ti al  s tate  before  the  ro l l ing  wi th  the  sam e angu lar 
ve loci ty and  reversed  rotat ion  d i rection .  

h )  Ho ld  the  specim en  i n  a  ro l l ed  shape  for a  certain  peri od,  i f  requ i red.  

i )  Repeat e)  to  h )  for  a  defi ned  num ber of  cycles.  

j )  I t  i s  opti onal  to  test  the  other surface  s i de  at  the  sam e cond i t ions,  th is  being  done  by 
ag reem ent  between  suppl i er  and  custom er.  I n  th is  case,  fo l low d)  to  i )  wi th  the  reversed  
surface  s i de.  

k)  After the  test,  rem ove  the  specim en  from  the  apparatus.  

l )  Repeat the  test  wi th  (an) other specim en(s)  fo l l owing  c)  to  k) .  

m )  The  stressed  perform ance,  e l ectrical  and  optical  characteris tics  of  m echan ical l y s tressed  
m odu le(s)  wi th  the  requ i red  num ber of  test i ng  are  m easured ,  and  the  resu l ts  are  recorded .  
The  in i ti al  and  s tressed  perform ances  are  com pared ,  and  the  degree  of  change  due  to  the  
ro l l i ng  test  i s  determ ined.   

n )  The  test  and  perform ance  m easurem ent for i nd i vidual  specim ens  are  conducted  and  
recorded  i n  the  test  report.  

6.6.5  Testing  cond i t ions and  reporting  

Testi ng  cond i t i ons  are  speci f i ed  as  fo l lows:   

a)  ro l l  rad ius  

b)  angu lar  veloci ty,  procedure  for one  cycle  

c)  ho ld  durati on  

d)  l oad  

e)  num ber of  repeati ng  cycles  

f)  cri teria for  acceptance  

g )  num ber of  specim ens  

h )  ro l l i ng  i nner  su rface  ( top surface  or back surface)  

i )  way of  ho ld ing  specim ens  and  detai l ed  m ethod  of  ho ld ing ,  such  as  pressure  

j )  su rface  cond i t i on  (such  as  treatm en t)  of  both  specim en  and  apparatus  

k)  test ing  of  envi ronm ental  cond i t i ons,  such  as  tem perature  and  hum id i ty  

NOTE  The  cri teri a for  acceptance  i ncl u de  the  vi su al  perform ance  and  specim en  geom etry both  before  and  after  
the  s tress i ng .  

Al l  cond i t i ons  shal l  be  reported  i f  the  test  uses  cond i t ions  other  than  those  m enti oned  above.  
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6.7  Torsion  test  

6.7. 1  General  

Th is  test  i s  appl icable  for evaluati ng  the  tors ion  properti es  of  a  f l exible  d isplay m odu le  after  
be ing  subjected  to  tors ion  du ring  a  certai n  period  of  t im e.  For  f l exible  d isplays,  tors ion  i s  l i kel y 
to  happen  easi l y du ri ng  use.  

6.7.2  Purpose  

The  objecti ve  of  th is  test  i s  to  provide  a  standard  procedure  for  evaluating  the  robustness  of  a 
f lexible  d isplay device  against  cycl i c  tors ion  stress  wh ich  m igh t  typi cal l y happen  i n  the  
appl ication .  

6.7.3  Test  apparatus  

The specim en  shal l  be  f i rm l y c lam ped  and  twisted  at  a  certai n  degree  of  tors ion  ang le,  as  
shown  i n  Fi gu re  5,  during  the  test.  The  specim en  shal l  be  securel y clam ped  wi th  an  
appropriate  g ripping  part.  During  the  test,  the  FPC  and  the  dri ver shal l  be  carefu l l y hand led  so  
that  they are  not  subjected  to  twist  dam age.  The  edge  of  the  specim en  wi th  the  FPC and  the  
dri ver's  IC  i n  the  s tat ionary s i de  shal l  be  f i xed  i n  order to  preven t  the  occurrence  of  twist  
dam age during  the  bend ing  test.  When  the  specim en  i s  twisted ,  the  extra  tens ion  i s  appl i ed  
on  the  s i de  of  the  specim en  i n  add i ti on  to  the  twist  tens ion .  Therefore,  the  m oving  part  on  the  
stationary s ide  shal l  m ove  forward  and  backward  duri ng  the  test  because  the  extra and  
unnecessary tens ion  appl ied  on  the  specim en  shou ld  be  rem oved  as  shown  i n  Figure  5a)  and  
b) .  

6.7.4  Test  procedure  

The tors ion  test  shal l  be  perform ed  as  fo l l ows:  

a)  Prepare  the  requ i red  num ber of  the  d isplay m odu les  accord ing  to   5 . 2.  

b)  Preform  the  in i t ial  perform ance,  vi sual  characteri stics ,  test  for  the  prepared  m odu les  and  
record  resu l t .   

c)  Each  specim en  s i ze  i s  m easured,  vi sual l y i nspected  and  recorded.  

d )  Both  edges  of  the  testi ng  m odu le(s)  are  f i xed  on  the  g ri pping  parts  as  shown  i n  F igure  5 .  

e)  Appl y tors ion  wi th  defi ned  cond i ti ons  such  as  c l ockwise  ang le  and  osci l l ati on  veloci ty.  

f)  Bri ng  the  specim en  back to  the  i n i t i al  s tate  before  the  test ing  wi th  the  sam e angu lar  
ve loci ty and  reversed  rotati on  d i rection .  

g )  Appl y tors ion  wi th  def i ned  cond i t i ons  such  as  coun ter  cl ockwise  ang le  and  osci l l ati on  
veloci ty.  

h )  Bri ng  the  specim en  back to  the  i n i t i al  s tate  before  the  testing  wi th  the  sam e angu lar  
ve loci ty and  reversed  rotat i on  d i rection .  

i )  Repeat  e)  to  h )  for  a  defi ned  num ber of  cycles.  

j )  I t  i s  opti onal  to  test  the  other surface  s ide  at  the  sam e cond i ti ons,  th is  be ing  done  by 
agreem ent  between  suppl ier  and  custom er.  I n  th is  case,  fo l low d )  to  i )  wi th  the  reversed  
surface  s i de.  

k)  After the  test,  rem ove  the  specim en  from  the  apparatus.  

l )  Repeat the  test  wi th  (an ) other specim en(s)  fo l l owing  c)  to  k) .  

m )  The  stressed  perform ance,  e lectrical  and  optical  characterist ics  of  the  m echan ical l y  
stressed  m odu le(s)  wi th  the  requ i red  num ber  of  testi ngs  are  m easured  and  the  resu l ts  are  
recorded.  The  i n i t i al  and  stressed  perform ances  are  com pared ,  and  the  degree  of  change  
due  to  the  tors ion  test  i s  determ ined .   

n )  The  test  and  perform ance  m easurem ent  for  i nd i vi dual  specim ens  are  conducted  and  
recorded  i n  the  test  report.  
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a)  Torsion  test  equ ipment  

 

b)  Torsion  test  equ ipment  

Figure 5  – Apparatus for d iverse  torsion  tests  

6.7.5  Testing  condit ions and  reporting  

The testing  cond i t ions  are  speci f ied  as  fo l lows:  

a)  num ber of  specim ens  

b)  perform ance  range  for  i n i ti al  and  stressed  e lectrical  and  optical  perform ance  

c)  tors ion  ang le  and  rotat ion  angu lar ve loci ty  

d )  appl ied  tens i l e  s tress  

e)  num ber of  cycles  

f)  cri teria for  acceptance  

g )  way of  ho ld ing  specim ens  and  detai l ed  m ethod  of  ho ld ing ,  such  as  pressure  

h )  su rface  cond i t i on  (such  as  treatm en t)  of  both  specim en  and  apparatus  

i )  test ing  of  envi ronmental  cond i t i ons,  such  as  tem perature  and  hum id i ty  

NOTE  The  cri teri a for  acceptance  i ncl u de  the  vi su al  perform ance  and  specim en  geom etry both  before  and  after  
the  s tress i ng .  

Al l  cond i t i ons  shal l  be  reported  i f  the  test  uses  cond i t ions  other  than  those  m enti oned  above.  
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6.8  Tension  test  

6.8. 1  General  

Th is  test  i s  appl icable  for  the  evaluati on  of  the  tension  propert ies  of  a  f l exible  d isplay m odu le  
after  bei ng  subj ected  to  a  constant  tens ion  at  the  m om ent  of  change  between  fo l d ing  and  
un fold i ng  and  between  ro l l - i n  and  ro l l -ou t  (see  Fi gure  6) .   

6.8.2  Purpose 

The objecti ve  of  th is  test  i s  to  provide  a  standard  procedure  for  evaluating  the  robustness  of  a 
f lexible  d isplay device  against  cycl ic  tens ion  s tress  wh ich  m ight  typi cal l y happen  i n  the  
appl ication .  

6.8.3  Test  apparatus  

The  apparatus  consists  of  a  f i xed  and  m ovable  c lam p i n  wh ich  the  specim en  wi l l  be  secured  
for the  test.  The  m ovable  c lam p shu tt l es  forward  and  backward  l i nearl y at  a  set  rate  as  shown  
i n  F igu re  6 .  The  i nstrum en t repeated l y appl i es  and  rel i eves  the  tens ion  i n  the  specim en  for a  
set  num ber of  cycles.  During  the  test,  the  FPC and  the  dri ver  shal l  be  carefu l l y hand led  so  
that  they are  not  subjected  to  tens ion  dam age.  The  edge  of  the  specim en  wi th  the  FPC and  
dri ver's  I C  in  the  s tati onary s i de  shal l  be  f i xed  i n  order to  avoid  the  occurrence  of  twist  
dam age  during  the  bend ing  test.  

6.8.4  Test  procedure  

The tens ion  test  shal l  be  perform ed  as  fo l l ows:  

a)  Prepare  the  requ i red  num ber of  d i splay m odu les  accord ing  to  5 . 2 .  

b)  Each  specim en  s i ze  i s  m easured,  visual l y i nspected  and  recorded.  

c)  Perform  the  i n i t ial  perform ance,  visual  characteri stics ,  test  for  the  prepared  m odu les  and  
record  the  resu l t.  

d )  Both  edges  of  the  testi ng  m odu le(s)  are  f i xed  by the  g ripping  part  as  shown  i n  F igure  6.  

e)  Appl y tens ion  wi th  defi ned  cond i ti ons  such  as  tens ion  force  or  s train  d is tance.  

f)  Bri ng  the  specim en  back to  the  i n i t ial  s tate  before  appl yi ng  tens ion .  

g )  Appl y tens ion  wi th  the  sam e force  l os ing  speed  and  i n  the  reversed  d i rection .  

h )  Repeat  e)  to  g )  for  a  defi ned  num ber  of  cycle.  

i )  After the  test,  the  testi ng  m odu le(s)  i s (are)  rem oved  from  the  apparatus.  

j )  The  stressed  perform ance,  e lectrical  and  optical  characteristics  of  the  m echan ical l y 
stressed  m odu le(s)  wi th  the  requ i red  num ber  of  test i ng  are  m easured  and  the  resu l ts  are  
recorded.  The  i n i t i al  and  stressed  perform ances  are  com pared ,  and  the  degree  of  change  
due  to  the  tens ion  test  i s  determ ined .   

k)  The  test  and  perform ance  m easurem en t  for  i nd i vi dual  specim ens  are  conducted  and  
recorded  i n  the  test  report.  
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Figure 6  – Apparatus for tension  test  

6.8.5  Testing  condi t ions and  reporting  

The testing  cond i t ions  are  speci f ied  as  fo l lows:  

a)  m axim um  tens ion  force  or m axim um  deform ation  d istance  appl ied  to  the  specim en   

b)  tens ion  appl icati on  procedure  such  as  t im e-dependent  tens ion  force,  duration  t im e  
between  tens ion  appl icati on   

c)  num ber of  cycles  

d)  cri teria for  acceptance  

e)  num ber of  specim ens  

f)  way of  ho ld i ng  specim ens  and  detai l ed  m ethod  of  ho ld ing ,  such  as  pressure  

g )  su rface  cond i t i on  (such  as  treatm en t)  of  both  specim en  and  apparatus  

h )  test ing  of  envi ronm ental  cond i t i ons,  such  as  tem perature  and  hum id i ty  

NOTE  The  cri teri a for  acceptance  i ncl u de  vi sual  perform ance  and  specim en  geom etry both  before  and  after the  
s tress i ng  

Al l  cond i t i ons  shal l  be  reported  i f  the  test  uses  cond i t ions  other  than  those  m enti oned  above.  
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