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THIN-FILM  ELECTROLUMINESCENT  ELEMENT  AND  METHOD  OF  MANUFACTURING  THE  SAME. 

©  Thin-film  electroluminescent  element  preventing 
the  formation  by  electric  breakdown  of  defective 
portions  where  display  is  impossible,  and  a  method 
of  manufacturing  the  same.  The  thin-film  EL  element 
is  of  a  double  insulating  structure  and  of  a  type  of 
matrix  driving.  Transparent  electrodes  (13)  are 
formed  in  a  transparent  and  flat  insulating  film  (11) 
on  an  insulating  and  light-transmiting  substrate  (10). 
The  manufacturing  method  comprises  a  step  of  for- 
ming  the  insulating  metal  oxide  film  (1  1  )  on  the  light- 
transmitting  substrate  (10),  a  step  of  selectively  for- 
ming  metal  layers  (12)  on  the  surface  of  the  metal 
oxide  film,  and  a  step  of  forming  the  transparent 
electrodes  (13)  by  diffusing  these  metal  layers  into 
the  metal  oxide  film. 

F i g u r   5 

! 8 ~ y  

^ m ^ p ^ p  
^ / / / / / / / /  o  

o  
IT) 

Q_ 
LJJ 

Rank  Xerox  (UK)  Business  Services 



EP  0  450  077  A1 

Technical  Field  of  the  Invention 

The  present  invention  relates  to  both  a  thin  film 
EL  element  to  be  used  in  the  display  of  an  instru- 
ments  panel  to  be  mounted  in  a  vehicle  or  other 
various  apparatus  and  a  fabrication  process  of  the 
same. 

Background  Technology  of  the  Invention 

A  thin  film  EL  element  of  the  prior  art  in  the 
case  of  a  matrix  drive  is  shown  in  section  in  Fig.  1  . 

This  thin  film  EL  element  is  formed  over  a 
transparent  substrate  1  with  transparent  electrodes 
2  and  above  the  substrate  1  with  first  electrically 
insulating  film  3,  an  EL  layer  4,  a  second  elec- 
trically  insulating  film  5  and  a  metal  back  electrode 
6  in  the  recited  order. 

The  thin  film  EL  element  thus  constructed  em- 
its  a  light  when  a  voltage  no  less  than  a  lumines- 
cence  threshold  voltage  is  applied  between  the 
metal  back  electrode  6  and  the  transparent  elec- 
trodes  2.  At  this  time,  the  electric  field  established 
is  concentrated  at  the  edge  portions  7  of  the  trans- 
parent  electrodes  2  to  cause  a  dielectric  break- 
down.  Thus,  there  arises  a  trouble  that  the  display 
becomes  impossible  at  those  portions. 

Summary  of  the  Invention 

The  present  invention  has  been  conceived  in 
view  of  the  circumstances  thus  far  described  and 
has  an  object  to  provide  a  thin  film  EL  element 
cleared  of  the  portions  such  as  the  edge  portions 
of  the  transparent  electrodes,  in  which  the  electric 
field  might  otherwise  be  concentrated,  and  accord- 
ingly  the  display-impossible  portions  due  to  the 
dielectric  breakdown. 

Another  object  of  the  present  invention  is  to 
provide  a  process  for  fabricating  a  thin  film  EL 
element,  which  is  enabled  to  form  a  flattened  trans- 
parent  electrode  layer  having  both  an  electrically 
insulating  metal  oxide  film  formed  with  transparent 
electrodes  and  an  electric  insulator. 

In  order  to  achieve  the  above-specified  first 
object,  according  to  a  first  mode  of  the  present 
invention,  there  is  provided  a  thin  film  EL  element 
having  a  double  insulation  structure  for  a  matrix 
drive,  which  element  is  characterized  in  that  trans- 
parent  electrodes  over  an  electrically  insulating 
transparent  substrate  is  formed  in  a  transparent, 
flat  electrically  insulating  film. 

In  order  to  achieve  the  above-specified  second 
object,  according  to  a  second  mode  of  the  present 
invention,  there  is  provided  a  process  for  fabricat- 
ing  a  thin  film  EL  element  having  a  double  insulat- 
ing  structure  for  a  matrix  drive,  comprising:  the 
step  of  an  electrically  insulating  metal  oxide  film 

over  an  electrically  insulating  transparent  substrate; 
the  step  of  forming  metal  layers  selectively  over 
the  surface  of  said  metal  oxide  film;  and  the  step  of 
forming  transparent  electrodes  by  diffusing  said 

5  metal  layers  into  said  insulating  metal  oxide  film. 
Since  the  transparent  electrodes  are  formed  in 

the  transparent,  flat  insulating  film,  according  to  the 
aforementioned  thin  film  EL  element  of  the  first 
mode,  the  edge  portions  of  the  transparent  elec- 

io  trades  of  the  prior  art,  in  which  the  electric  field  is 
concentrated,  are  eliminated  to  eliminate  the 
display-impossible  portions  due  to  the  dielectric 
breakdown. 

According  to  the  aforementioned  fabrication 
75  process  of  the  second  mode,  moreover,  the  trans- 

parent  electrodes  can  be  formed  in  the  insulating 
metal  oxide  film,  the  remaining  portions  of  which 
can  be  formed  with  the  flat,  transparent  electrode 
layer  acting  as  the  insulator. 

20  The  aforementioned  and  other  objects,  modes 
and  advantages  of  the  present  invention  will  be- 
come  apparent  to  those  skilled  in  the  relevant  art  in 
view  of  the  following  description  which  is  to  be 
made  in  connection  with  a  preferable,  specific  em- 

25  bodiment  conforming  to  the  principle  of  the  present 
invention  and  with  reference  to  the  accompanying 
drawing. 

Brief  Description  of  the  Drawing 

Fig.  1  is  a  schematic  section  showing  the  struc- 
ture  of  the  thin  film  EL  element  of  the  prior  art; 
Fig.  2  is  an  explanatory  view  for  explaining  the 
formation  of  an  electrically  insulating  metal  ox- 
ide  film  of  a  specific  embodiment  of  the  present 
invention; 
Fig.  3  is  an  explanatory  view  for  explaining  the 
selective  formation  of  metal  layers  of  the  spe- 
cific  embodiment  of  the  present  invention; 
Fig.  4  is  an  explanatory  view  showing  a  metal 
diffusion  in  the  specific  embodiment  of  the 
present  invention;  and 
Fig.  5  is  a  schematic  section  showing  the  struc- 
ture  of  a  thin  film  EL  element  according  to  the 
specific  embodiment  of  the  present  invention. 

Detailed  Description  of  the  Preferred  Embodiment 

30 
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The  specific  embodiment  of  the  present  inven- 
50  tion  will  be  described  in  detail  in  the  following  with 

reference  to  the  accompanying  drawing  (i.e.,  Figs. 
2  to  5). 

First  of  all  for  fabricating  the  thin  film  EL  ele- 
ment  according  to  the  present  invention,  as  shown 

55  in  Fig.  2,  an  electrically  insulating  transparent  sub- 
strate  10  is  formed  thereover  with  an  electrically 
insulating  metal  oxide  film  1  1  of  ZnO  or  the  like  by 
the  sputtering  method,  the  electron  beam  vapor 

50 
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minutes. 
The  intermediate  was  formed  thereover  with 

the  first  electrically  insulating  film  of  TaaOs  having 
a  thickness  of  5,000  A  by  the  rf  magnetron  sputter- 
ing  method  and  then  with  the  electroluminescence 
layer  of  Zns:Mn  (wherein  Ms  is  0.5  at  %)  having  a 
thickness  of  6,000  A. 

The  second  electrically  insulating  film  was 
similar  to  the  first  electrically  insulating  film.  At  last, 
the  back  metal  electrode  was  formed  with  Al  to 
have  a  thickness  of  3,000  A  by  the  electron  beam 
deposition  using  a  metal  mask  formed  of  sixteen 
rows  of  slits  having  a  width  of  1  mm  and  a  length 
of  50  mm  at  a  pitch  of  1  .8  mm  and  positioned  at  a 
right  angle  with  respect  to  the  metal  mask  of  the 
aforementioned  case  of  the  Al  deposition. 

deposition  or  the  like.  minutes. 
As  shown  in  Fig.  3,  metal  layers  12  are  formed  The 

only  at  portions  for  the  electrodes  by  the  vapor  the  first 
deposition  of  a  metal  such  as  Al  using  a  mask.  a  thickne 

The  step  of  thus  forming  the  metal  layers  12  5  ing  metr 
selectively  may  be  exemplified  by  vapor-depositing  layer  of 
the  metal  at  first  all  over  surface  and  then  by  thicknes: 
patterning  the  deposited  metal  by  the  photolithog-  The 
raphy.  Alternatively,  the  metal  may  be  vapor-de-  similar  tc 
posited  over  a  patterned  photo  resist,  followed  by  w  the  bad 
the  lift-off  method  of  peeling  the  resist.  have  a  t 

Next,  as  shown  in  Fig.  4,  the  aforementioned  depositic 
transparent  substrate  10  is  subjected  to  a  heat  rows  of 
treatment  (e.g.,  annealed)  in  the  vacuum  to  diffuse  of  50  mt 
the  metal  of  the  aforementioned  metal  layers  12  75  right  an< 
into  the  electrically  insulating  metal  oxide  film  11  aforemei 
thereby  form  transparent  electrodes  1  3. 

Next,  as  shown  in  Fig.  5,  a  transparent  elec-  Claims 
trode  layer  14  composed  of  the  electrically  insulat- 
ing  metal  oxide  film  11  and  the  transparent  elec-  20  1.  A  th 
trades  13  is  formed  thereabove  with  a  first  elec-  tion 
trically  insulating  film  15,  an  electroluminescence  is  c 
layer  16,  a  second  electrically  insulating  film  17  ovei 
and  a  back  metal  electrode  18  in  the  recited  order  strai 
to  fabricate  the  thin  EL  element.  25  trice 

In  the  formation  of  the  aforementioned  trans- 
parent  electrodes  1  3,  it  is  known  that  the  metal  2.  A  pi 
oxide,  i.e.,  ZnO  is  an  electric  insulator  having  a  havi 
band  gap  of  about  3.2  eV  and  a  specific  resistance  trix 
of  108  to  1011  0  cm  but  is  turned,  if  doped  (or  30  tries 
added)  with  Al,  into  a  transparent  conductor  having  tries 
its  specific  resistance  dropped  to  lO"4-  Q  cm  equal  step 
to  that  of  ITO.  the 

By  the  aforementioned  fabrication  process  of  step 
the  thin  film  EL  element,  therefore,  the  transparent  35  fusil 
electrode  layer  14  thus  formed  is  flat  and  retain  the  met 
conductivity  only  at  the  portions  of  the  transparent 
electrodes  13  but  is  electrically  insulating  at  the  3.  A  t\ 
other  portions.  set 

This  eliminates  the  portions  such  as  the  edge  40  insi 
portions  7  of  the  transparent  electrodes  2  of  the 
prior  art,  in  which  the  electric  field  is  concentrated,  4.  A  tl 
to  eliminate  the  display-impossible  portions  due  to  set 
the  dielectric  breakdown.  met 

A  thin  film  EL  element  having  a  double  insula- 
tion  structure  for  a  matrix  drive,  which  element 
is  characterized  in  that  transparent  electrodes 
over  an  electrically  insulating  transparent  sub- 
strate  is  formed  in  a  transparent,  flat  elec- 
trically  insulating  film. 

A  process  for  fabricating  a  thin  film  EL  element 
having  a  double  insulating  structure  for  a  ma- 
trix  drive,  comprising:  the  step  of  an  elec- 
trically  insulating  metal  oxide  film  over  an  elec- 
trically  insulating  transparent  substrate;  the 
step  of  forming  metal  layers  selectively  over 
the  surface  of  said  metal  oxide  film;  and  the 
step  of  forming  transparent  electrodes  by  dif- 
fusing  said  metal  layers  into  said  insulating 
metal  oxide  film. 

A  thin  film  EL  element  fabricating  process  as 
set  forth  in  Claim  2,  characterized  in  that  said 
insulating  metal  oxide  film  is  made  of  ZnO. 

A  thin  film  EL  element  fabricating  process  as 
set  forth  in  Claim  2,  characterized  in  that  said 
metal  layer  is  made  of  Al. 

45 
Example  1: 

A  glass  substrate  of  50  x  50  mm2  was  formed 
with  a  film  of  ZnO  having  a  thickness  of  2,000  A  (at 
the  temperature  of  500  °  C  at  the  glass  substrate  at  50 
this  time)  by  the  rf  magnetron  sputtering  method. 
The  ZnO  film  was  then  vapor-evaporated  thereover 
with  Al  to  have  a  thickness  of  about  100  A  by  the 
electron  beam  deposition  using  a  metal  mask 
formed  of  sixteen  rows  of  slits  having  a  width  of  1  55 
mm  and  a  length  of  50  mm  at  a  pitch  of  1.8  mm. 

Next,  the  intermediate  was  subjected  to  the 
heat  treatment  in  the  vacuum  at  500  °  C  for  thirty 
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