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)escription 

Sackground  of  the  invention 
Held  of  the  invention 

The  present  invention  generally  relates  to  a  5 
semiconductor  optical  logic  device.  More  speci- 
ically,  the  present  invention  relates  to  a  novel 
semiconductor  optical  logic  device  including  a 
ight  sensitive  element  composed  of  non-single 
:ystalline  semiconductor  such  as  amorphous  w 
semiconductor  (including  that  which  is  partially 
nicrocrystallized),  polycrystalline  semiconductor, 
3r  the  like. 

Description  of  the  prior  art  is 
A  semiconductor  optical  logic  device  having  the 

Matures  indicated  in  the  precharacterizing  portion 
jf  claim  1  is  known  from  GB—  A—  1080732. 

Summary,  of  the  invention  20 
A  principal  object  of  the  present  invention  met 

oy  the  features  of  the  characterizing  portion  of 
;laim  1  is  to  provide  a  novel  semiconductor  optical 
logic  device  including  a  light  sensitive  element 
:omprised  of  non-single  crystalline  semiconduc-  25 
tor  such  as  amorphous  semiconductor,  polycrys- 
talline  semiconductor,  or  the  like. 

A  semiconductor  optical  logic  device  in  accord- 
ance  with  the  present  invention  comprises  a 
plurality  of  light-emitting  elements  each  being  30 
independently  responsive  to  an  input  signal  for 
emitting  light,  and  one  or  more  light  sensitive 
elements  comprised  of  non-single  crystalline 
semiconductor  for  commonly  receiving  or  for 
individually  receiving  the  light  from  the  respective  35 
light-emitting  elements  for  converting  the  light 
into  an  electrical  signal,  wherein  a  logical  output  of 
the  input  signals  applied  to  the  plurality  of  light- 
emitting  elements  is  obtained  in  response  to  the 
outputs  from  one  or  more  light  sensitive  elements.  40 

According  to  the  present  invention,  since  the 
input  signal  is  once  converted  into  a  light  signal,  a 
device  of  a  response  rate  can  be  achieved  which  is 
comparable  to  that  in  case  where  single  crystalline 
semiconductor  is  utilized,  in  spite  of  the  fact  that  45 
non-single  crystalline  semiconductor  is  utilized. 
Furthermore,  by  employing  amorphous  semicon- 
ductor,  devices  can  be  manufactured  with  a  little 
manufacturing  energy  and  with  simplified  steps 
on  a  continual  mass  production  basis  as  compared  so 
with  a  case  of  single  crystalline  semiconductor.  In 
addition,  since  a  very  layer  can  be  formed  using 
plasma  reaction  (glow  discharge),  sputtering,  or 
the  like,  an  approximate  flat  substrate  surface  can 
be  readily  provided  in  forming  an  amorphous  55 
semiconductor  layer.  Since  amorphous  semicon- 
ductor  can  be  grown  anywhere  in  any  condition  of 
the  substrate  after  once  such  an  approximate  flat 
substrate  surface  is  attained,  it  becomes  possible 
to  make  photocoupling  pairs  in  a  multilayer  fash-  so 
ion  or  in  three-dimensional  manner,  whereby  the 
degree  of  integration  can  be  enhanced. 

These  objects  and  other  objects,  features, 
aspects  and  advantages  of  the  present  invention 
will  become  more  apparent  from  the  following  65 

letailed  description  otthe  present  invention  wnen 
aken  in  conjunction  with  the  accompanying  draw- 
ngs. 

3rief  description  of  the  drawings 
Fig.  1  is  a  sectional  view  showing  one  embodi- 

ment  of  the  present  invention; 
Fig.  2  is  a  diagrammatic  view  showing  an 

jrrangementof  the  elements  of  the  Fig.  1  embodi- 
ment; 

Fig.  3  is  an  equivalent  circuit  diagram  of  the  Fig. 
I  embodiment; 

Fig.  4  is  another  example  of  such  equivalent 
;ircuit  diagram; 

Fig.  5  is  a  sectional  view  of  another  embodiment 
3f  the  present  invention; 

Fig.  6  is  a  sectional  view  of  a  further  embodiment 
sf  the  present  invention; 

Fig.  7  is  a  sectional  view  of  a  preferred  embodi- 
ment  of  the  Fig.  6  embodiment; 

Fig.  8  is  a  graph  showing  a  spectral  response  of  a 
ight  sensitive  element; 

Fig.  9  is  a  sectional  view  showing  still  a  further 
embodiment  of  the  present  invention; 

Fig.  10  is  a  diagrammatic  view  showing  an 
arrangement  of  the  elements  of  the  Fig.  9  embodi- 
ment; 

Fig.  1  1  is  a  graph  showing  a  relation  between  the 
intensity  and  the  wavelength  of  the  light  of  the 
light-emitting  element  of  the  Fig.  9  embodiment; 
and 

Fig.  12  is  a  graph  showing  the  output  from  the 
light  sensitive  element  of  the  Fig.  9  embodiment. 

Description  of  the  preferred  embodiments 
Fig.  1  shows  one  embodiment  of  the  present 

invention.  Referring  to  the  figure,  the  reference 
numeral  1  denotes  a  transparent  insulating  sub- 
strate  of  glass,  heat  resistive  plastic  or  the  like,  the 
reference  characters  2a  and  2b  denote  first  and 
second  light-emitting  elements  disposed  on  one 
main  surface  1a  of  one  of  the  insulating  substrate 
1,  and  the  reference  characters  3a  and  3b  denote 
first  and  second  light  sensitive  elements  formed 
on  the  other  main  surface  1b  of  the  insulating 
substrate  1,  the  first  and  second  light-emitting 
elements  2a  and  2b  and  the  first  and  second  light 
sensitive  elements  3a  and  3b,  respectively,  being 
faced  to  each  other  with  the  insulating  substrate  1 
therebetween. 

The  above  described  first  and  second  light- 
emitting  elements  2a  and  2b  are  made  of  a  single 
crystal  of  gallium  phosphate  (GaP),  for  example, 
and  a  portion  of  the  electrode  surface  is  deposited 
on  one  main  surface  1a  of  the  insulating  substrate 
1  as  shown  in  Fig.  2  through  a  conductive  adhesive 
agent  4  of  such  as  a  silver  paste  as  pattern  screen 
processed  so  as  not  to  interrupt  light  transmitting 
through  the  insulating  substrate  1.  The  other 
electrode  surface  of  the  above  described  first  and 
second  light-emitting  elements  2a  and  2b  is 
coupled  to  an  electrode  film  6  formed  on  the 
insulating  substrate  1  through  wire  leads  5a  and 
5b. 

On  the  other  hand,  the  first  and  second  light 
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sensitive  elements  3a  and  3b  formed  on  the  other 
main  surface  1b  of  the  insulating  substrate  1  are 
structured  to  be  layered  such  that  an  amorphous 
semiconductor  layer  8  of  a  PIN  junction  type,  for 
sxample,  is  deposited  on  a  transparent  electrode 
Film  7,  as  patterned,  of  tin  oxide  (Sn02),  indium 
axide  (ln203),  indium:  tin  oxide  (ln203:Sn02),  or 
the  like  on  the  insulating  substrate  1  and  then  a 
metallic  electrode  film  9  of  aluminum  or  the  like  is 
layered  thereon.  The  metallic  electrode  film  9  of 
the  first  light  sensitive  element  3a  is  coupled  to 
the  transparent  electrode  film  7  of  the  second 
light  sensitive  element  3b  extending  on  and  conti- 
guous  to  the  insulating  substrate  1.  As  a  result, 
the  first  light  sensitive  element  3a  and  the  second 
light  sensitive  element  3b  are  placed  in  a  series 
connection. 

Now  a  more  specific  embodiment  will  be 
described  in  conjuction  with  a  manufacturing 
process  thereof. 

First  the  transparent  electrode  film  7  is 
deposited  by  evaporation  or  sputtering  and 
patterned  on  the  insulating  substrate  1  made  of 
glass  and  then  the  insulating  substrate  1  is  dis- 
posed  between  reaction  electrodes  of  a  plasma 
reaction  furnace.  Then  with  the  insulating  sub- 
strate  1  heated  at  approximately  300°C  in  the 
reaction  furnace,  a  silane  (SiH4)  gas  and  an 
impurity  gas  of  diborane  (B2H6)  at  the  concen- 
tration  of  1000  ppm  are  introduced  in  the  reaction 
furnace.  Then  a  high  frequency  electric  power  of 
13.56  MHz  and  100  W  is  applied  to  the  above 
described  reaction  electrodes,  whereby  amorph- 
ous  silicon  (a-Si:H)  of  P-type  is  obtained  on  the 
insulating  substrate  1  with  the  thickness  of 
approximately  100  A.  (1  A=0.1  nm).  Thereafter 
only  B2H6  gas  is  removed  and  l-type  a-Si:H  is 
deposited  at  the  thickness  of  approximately  5000 
A.  Then  phosphine  (PH3)  serving  as  an  impurity 
gas  is  mixed  thereinto  at  the  concentration  of 
1000  ppm,  so  that  N-type  a-Si:H  is  formed  with 
the  thickness  of  approximately  300  A,  whereby  an 
amorphous  silicon  (a-Si:H)  semiconductor  layer 
having  a  PIN  junction  with  the  respective  PIN 
layers  laminated  from  the  insulating  substrate  1  is 
provided. 

Meanwhile,  since  the  growth  rate  of  the  above 
described  a-Si:H  is  approximately  1  um/hr  for 
each  of  the  layers,  the  time  is  controlled  to  obtain 
a  desired  thickness  for  each. 

Then  the  above  described  amorphous  silicon 
semiconductor  layer  8  is  photoetched  to  define  a 
predetermined  pattern  or  is  subjected  to  a  plasma 
pattern  etching  or  the  like  to  form  a  pattern. 
Alternatively,  the  amorphous  silicon  semiconduc- 
tor  layer  8  may  be  selectively  formed  using  a 
metallic  mask  without  using  the  above  described 
method.  Finally,  a  metallic  electrode  film  9  of 
aluminum  is  evaporated  on  the  above  described 
amorphous  silicon  semiconductor  layer  8  and  a 
patterning  process  is  performed  through  etching 
so  that  the  first  light  sensitive  element  3a  and  the 
second  light  sensitive  element  3b  may  be  placed 
in  a  series  connection. 

The  first  and  second  light  sensitive  elements  3a 

and  3b  made  of  the  PIN  junction  type  amorphous 
silicon  semiconductor  layer  8  have  the  light  sensi- 
tive  central  wavelength  X,  at  approximately  580 
nm. 

5  One  example  of  such  light  sensitive  element 
may  be  structured  in  accordance  with  the  teach- 
ing  in  United  States  Patent  No.  4,281,208  issued 
July  28,  1981. 

On  the  other  hand,  the  first  and  second  light- 
10  emitting  elements  2a  and  2b  are  implemented 

using  light-emitting  diode  pellets  of  green  color 
made  of  a  GaP  single  crystal  of  \2%  565  nm  so 
that  the  central  wavelength  \,  of  the  first  and 
second  light  sensitive  elements  3a  and  3b  may  be 

is  consistent  with  the  central  wavelength  A2  of  light 
emission.  Then  face  down  bonding  is  made  to 
one  electrode  surface  of  the  above  described  LED 
pellets,  as  shown  by  the  dotted  line,  through  a 
conductive  adhesive  agent  4  as  pattern  screen 

20  processed  as  shown  in  Fig.  2,  on  one  main  surface 
1a  to  which  the  light  sensitive  elements  2a  and  2b 
of  the  insulating  substrate  1  are  faced.  Then  the 
other  electrode  surface  is  bonded  to  the  electrode 
film  6  formed  on  the  insulating  substrate  1  using 

25  the  wire  leads  5a  and  5b.  These  first  and  second 
light-emitting  elements  2a  and  2b  are  connected 
to  the  above  described  conductive  adhesive  agent 
4  and  the  electrode  film  6  so  as  to  be  indepen- 
dently  responsive  to  a  supply  of  an  input  signal  to 

30  emit  light. 
Then  finally  lead  frames  10  and  11  serving  as 

input  lines  of  the  first  and  second  light-emitting 
elements  2a  and  2b  and  output  lines  of  the  first 
and  second  light  sensitive  elements  3a  and  3b  are 

35  coupled,  whereupon  the  composite  is  molded 
with  a  molding  material  12  for  interrupting  inci- 
dent  light  as  shown  in  Fig.  1,  thereby  to  complete 
a  semiconductor  optical  logical  device. 

The  light  sensitive  end  of  the  thus  manufac- 
40  tured  semiconductor  optical  logical  device  com- 

prises  the  first  and  second  light  sensitive 
elements  3a  and  3b  placed  in  a  series  connection 
and  the  same  can  be  shown  in  an  equivalent 
circuit  diagram  as  shown  in  Fig.  3.  More  speci- 

45  fically,  the  light  sensitive  elements  3a  and  3b  can 
be  repesented  as  an  inverted  parallel  connection 
of  direct  current  sources  13a  and  13b  and  diodes 
14a  and  14b,  respectively.  In  Fig.  3  the  reference 
character  R  denotes  a  load  resistance  connected 

so  between  the  output  terminals  15  and  16. 
When  the  input  signal  is  supplied  through  the 

lead  frames  10  and  10  to  the  first  light-emitting 
element  2a,  the  first  light-emitting  element  2a 
operates  to  emit  light,  which  transmits  through 

55  the  insulating  substrate  1  and  is  emitted  to 
impinge  upon  the  opposing  first  light  sensitive 
element  3a.  The  first  light  senistive  element  3a  as 
illuminated  produced  electrons  and  holes  in  the 
free  state  mainly  at  the  l-type  layer  of  the  amorph- 

60  ous  silicon  semiconductor  layer  8  and  the  elec- 
trons  and  the  holes  move  so  as  to  be  attracted  by 
the  PIN  junction  electric  field,  thereby  to  produce 
a  photovoltaic  force  between  the  transparent 
electrode  film  7  and  the  metallic  electrode  film  9. 

65  However,  since  the  second  light-emitting  element 

3 
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:b  is  not  in  a  light  emission  activated  state,  the 
ipposing  second  light  sensitive  element  3b  is 
ilaced  in  a  state  of  a  diode  14b  in  a  reverse 
lirection  to  the  direct  current  source  13a  caused 
>y  the  above  described  photoelectromotive  force. 
Accordingly,  no  photoelectric  current  flows 
hrough  the  load  resistor  R  and  no  output  is 
>btained  between  the  output  terminals  15  and  16. 

On  the  other  hand,  if  and  when  an  input  signal 
s  applied  to  the  second  light-emitting  element  2b 
o  emit  light  in  such  a  state,  the  second  light 
sensitive  element  3b  turns  from  the  state  of  the 
everse  directional  diode  14b  to  a  forward  direc- 
ional  direct  current  source  13b,  whereby  a  photo- 
:urrent  flows  through  the  load  resistor  R.  As  a 
esult,  an  output  signal  is  obtained  between  the 
jutput  terminals  15  and  16.  By  thus  connecting 
he  two  light  sensitive  elements  3a  and  3b  in 
series  and  opposing  the  two  light-emitting 
slements  2a  and  2b  operating  for  light  emission 
ndependently  for  each  input  signal,  a  logical 
Droduct  of  the  input  signals  can  be  obtained  as  an 
output  signal. 

Likewise,  by  connecting  the  first  light  sensitive 
jlement  3a  and  the  second  light  sensitive  element 
3b  in  a  parallel  relation  as  shown  in  Fig.  4,  a 
ogical  sum  can  be  obtained  between  the  output 
terminals  15  and  16  if  and  when  at  least  either  the 
First  or  second  light-emitting  element  2a  or  2b 
smits  light. 

Fig.  5  shows  another  embodiment  of  the 
present  invention  and  the  feature  thereof  resides 
in  formation  of  the  first  and  second  light-emitting 
elements  2a  and  2b  with  amorphous  semiconduc- 
tor.  In  manufacture,  formation  is  made  using 
plasma  reaction  in  the  same  manner  as  the  light 
sensitive  element  3a  and  3b.  More  specifically, 
after  the  transparent  electrode  film  17  is  formed  in 
a  predertermined  pattern  on  one  main  surface  of 
the  insulating  substrate  1,  a  reaction  gas 
including  70%  of  silane  SiH4  and  30%  of  methane 
CH4  is  introduced,  thereby  to  provide  an  amorph- 
ous  silicon  carbide  (a-SiC:H)  semiconductor  layer 
18  of  the  PIN  junction  type.  B2H6  and  PH3  are  used 
each  at  the  concentrations  of  1000  ppm  as  an 
impurity  gas  for  controlling  the  P-type  and  the  N- 
type,  respectively.  The  respective  film  thicknesses 
of  the  thus  obtained  PIN  layers  are  in  succession 
100  to  200  A,  5000  A,  and  500  A,  respectively, 
wherein  the  central  wavelength  X3  of  light  emis- 
sion  was  680  nm. 

Meanwhile,  one  example  of  such  amorphous 
semiconductor  light-emitting  element  may  be 
implemented  in  accordance  with  the  teaching  in 
United  States  Patent  No.  4,069,492  issued  Janu- 
ary  17,  1978. 

On  the  other  hand,  although  the  first  and 
second  light  sensitive  elements  3a  and  3b  of  the 
previous  embodiment  comprise  amorphous  sili- 
con  semiconductor  layer  8,  the  same  are  incon- 
venient  to  the  present  embodiment  because  the 
central  wavelength  is  580  nm.  Therefore,  in  the 
embodiment  in  description  the  first  and  second 
light  sensitive  elements  3a  and  3b  are 
implemented  using  an  amorphous  silicon  ger- 

manium  (a-5iCje:H)  semiconauctor  layer  o  naving 
the  central  wavelength  A4  being  680  nm  which  is 
the  same  as  that  of  the  above  described  light- 
emitting  elements  2a  and  2b.  The  reaction  gas 

5  introduced  at  that  time  is  60%  of  silane  (SiH4)  and 
40%  of  germane  (GeH4). 

According  to  such  structure,  the  inventive 
device  can  be  manufactured  at  an  inexpensive 
cost  by  using  amorpous  semiconductor  for  the 

o  light-emitting  elements  2a  and  2b  and  the  metallic 
electrode  film  19  can  be  formed  to  extend  on  the 
insulating  substrate  1  without  the  wire  leads  5a 
and  5b,  with  the  result  that  disconnection  of  the 
wire  leads  5a  and  5b  in  filling  a  molding  material 

•5  20  can  be  avoided.  By  using  a  micro-crystalliza- 
tion  of  amorphous  semiconductor  for  the  light- 
emitting  elements  and  the  light  sensitive 
elements,  a  high  efficieny  can  attained  without 
decreasing  an  optical  forbidden  band  width.  Such 

;o  micro-crystallization  of  amorphous  semiconduc- 
tor  can  be  readily  attaind  by  increasing  a  high 
frequency  power  on  the  occusion  of  the  above 
described  plasma  reaction  to  be  as  large  as  ten 
times  and  by  increasing  the  concentration  of 

?5  hydrogen. 
As  described  previously,  the  amorphous  semi- 

condoctor  layers  8  and  18  exhibit  a  characteristic 
in  which  the  light  emission  central  wavelength 
have  been  shifted  toward  a  wavelength  longer 

jo  than  the  light  sensitive  central  wavelength  in 
comparison  of  a  case  where  a  light-emitting 
element  is  formed  with  the  same  material  and  a 
case  where  the  fight  sensitive  element  is  formed 
with  the  same  material,  and  any  element  having 

35  the  sensitivity  not  only  in  a  visible  region  but  also 
in  an  ultraviolet  or  in  an  infrared  region  can  be 
readily  formed  by  properly  selecting  the  composi- 
tion  and  the  composistion  ratio  of  the  reaction 
gas. 

40  Fig.  6  shows  another  embodiment  of  the 
present  invention,  in  which  the  reference  charac- 
ter  20  denotes  an  insulating  substrate  of  glass, 
heat  resistive  plastic,  ceramic  or  the  like,  and  the 
reference  characters  2a  and  2b  denote  first  and 

45  second  light-emitting  elements  disposed  on  one 
main  surface  of  the  insulating  substrate  20, 
wherein  the  light-emitting  elements  2a  and  2b 
have  a  sandwich  structure  in  which  the  amorph- 
ous  semiconductor  layer  18  is  sandwiched 

so  between  a  metallic  electrode  film  19  of  stainless 
steel  or  the  like  and  a  transparent  electrode  film 
17  at  both  the  front  and  rear  surfaces  of  the 
amorphous  semiconductor  layer  18.  The  ref- 
erence  character  V  denotes  a  transparent  insulat- 

55  ing  film  of  silicon  dioxide  (Si02),  silicon  nitride 
(Si3N4)  or  the  like  covering  the  light-emitting 
surface  of  the  first  and  second  light-emitting 
elements  2a  and  2b,  and  the  reference  characters 
3a  and  3b  denote  first  and  second  light  sensitive 

60  elements  facing  to  the  first  and  second  light- 
emitting  elements  2a  and  2b  formed  on  the  above 
described  transparent  insulating  film  1',  wherein 
the  light  sensitive  elements  3a  and  3b  have  a 
sandwich  structure  in  which  the  transparent  elec- 

65  trade  film  7,  the  amorphous  semiconductor  layer 
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8  and  the  metallic  electrode  film  9  are  in  succes- 
sion  layered  from  the  light  receiving  surface.  The 
metallic  electrode  film  9  of  the  first  light  sensitive 
element  3  is  coupled  to  the  transparent  electrode 
film  7  of  the  second  light  sensitive  element  3 
extending  on  and  contiguous  to  the  transparent 
insulating  film  V.  As  a  result,  the  first  light 
sensitive  element  3a  and  the  second  light  sensitive 
element  3b  are  connected  to  be  in  a  series 
connection.  The  reference  character  21  denotes  a 
protection  film  of  Si02,  Si03N4  or  the  like  covering 
the  surface  of  the  above  described  light  sensitive 
elements  3a  and  3b,  and  the  reference  characters 
22  and  23  denote  lead  wires  for  withdrawing  a 
series  connection  output  of  the  light  sensitive 
elements  3a  and  3b  through  a  contact  hole  formed 
on  the  above  described  protection  film  21. 

Now  a  specific  embodiment  will  be  described  in 
conjunction  with  a  manuracturing  process  thereof. 

First  a  metallic  electrode  film  19of  stainless  steel 
is  deposited  by  sputtering  on  the  insulating  sub- 
strate  20  made  of  aluminum  ceramic  and  the  same 
is  patterned  in  a  desired  shape  by  etching.  The 
insulating  substrate  20  having  the  metallic  elec- 
trode  film  19  as  patterned  is  disposed  between  the 
reaction  electrodes  of  the  plasma  reaction  furnace 
and  a  reaction  gas  and  an  impurity  gas  are  suitably 
introduced  with  the  above  described  insulating 
substrate  20  heated  at  approximately  300°C.  In 
forming  the  amorphous  silicon  carbide  layer  18  of 
a  PIN  junction  type,  for  example,  silane  (SiH4)  and 
methane  (CH4)  are  used  as  a  reaction  gas  and 
diborane  (B2H6)  is  used  as  an  impurity  gas  for 
determing  the  P-type,  and  phosphine  (PH3)  is  used 
as  an  impurity  gas  for  determining  the  N-type.  The 
mixture  ratio  of  these  gases  are  selected  such  that 
SiH4  is  70%,  CH4  is  30%,  and  B2H6  and  PH3  are  each 
1000  ppm.  A  high  frequency  electric  power  of 
13.56  MHz  and  100  W  is  applied  between  the 
reaction  electrodes.  As  a  result,  the  P-type  layer  of 
approximately  100  A,  the  l-type  layer  of  approxi- 
mately  5000  A,  and  the  N-type  layer  of  approxi- 
mately  300  A  in  thickness  are  grown.  The  growth 
rate  of  the  above  described  amorphous  silicon 
carbide  layer  18  is  approximately  1um/hrfor  each 
layer  and  therefore  the  time  is  controlled  to  obtain 
a  desired  thickness  as  described  above  for  each. 

Then  the  amorphous  silicon  carbide  layer  18  is 
formed  in  a  predetermined  pattern  by  photoech- 
ing,  plasma  eching  or  the  like.  Alternatively,  the 
amorphous  silicon  carbide  layer  18  may  be  selec- 
tively  formed  using  a  metallic  mask  and  by  not 
using  the  above  described  means.  Finally  a  trans- 
parent  electrode  film  17  of  indium  oxide  (ln203),  tin 
oxide  (Sn02),  indium:tin  oxide  (ln203:  Sn02)  orthe 
like  is  deposited  by  evapoation  on  the  amorphous 
silicon  carbide  layer  18.  Then  the  transparent 
electrode  film  17  is  patterned,  thereby  to  complete 
the  first  and  second  light-emitting  elements  2a  and 
2b.  The  first  and  second  light-emitting  elements  2a 
and  2b  made  of  such  PIN  junction  type  amorphous 
silicon  carbide  layer  18  has  the  light  emission 
central  wavelength  X1  at  approximately  680  nm. 

Then  the  transparent  insulating  film  1  '  of  Si02  is 
formed  to  a  film  thickness  of  several  microns  ( p )  

by  a  chemical  vapor  deposition  process  on  the 
above  described  first  and  second  light-emitting 
elements  2a  and  2b  and  the  surface  thereof  is 
made  even. 

5  By  way  of  the  final  step  the  first  and  second  light 
sensitive  elements  3a  and  3b  are  layered  on  the 
above  described  transparent  insulating  film  1'. 
First  the  transparent  electrode  film  7  is  deposited 
on  the  surface  of  the  transparent  insulating  film  1  ' 

10  as  a  substrate  surface  and  then  the  same  is 
patterned.  Then  an  amorphous  silicon  germanium 
(a-SiGe:H)  layer  8  of  the  PIN  junction  type  is 
formed  through  plasma  reaction.  The  reaction  gas 
introduced  at  that  time  consists  of  silane  (SiH4)  by 

15  60%  and  germane  (GeH4)  by  40%.  The  other 
conditions  may  be  the  same  as  those  for  the 
amorphous  silicon  carbide  layer  18  of  the  light- 
emitting  elements  2a  and  2b.  Then  the  metallic 
electrode  film  9  of  aluminum  is  vapored  on  the 

20  amorphous  silicon  germanium  layer  8  and  the 
same  is  etched  to  be  patterned  so  that  the  first  light 
sensitive  element  3a  and  the  second  light  sensitive 
element  3b  may  be  connected  in  a  series  connec- 
tion. 

25  The  first  and  second  light  sensitive  elements  3a 
and  3b  thus  made  of  the  amorphous  silicon 
germanium  layer  8  of  the  PIN  junction  type  have 
the  light  emission  central  wavelength  A2  at  680  nm 
which  is  the  same  as  the  light  emission  central 

30  wavelength  of  the  first  and  second  light- 
emitting  elements  2a  and  2b. 

Then  the  protecting  film  21  of  Si02  is  deposited 
and  the  lead  wires  22  and  23  are  coupled,  where- 
upon  the  composite  is  molded  with  the  molding 

35  material  12  for  interrupting  incident  light,  thereby 
to  complete  a  semiconductor  photocoupiing 
device. 

The  light  receiving  side  of  the  semiconductor 
photocoupiing  device  orthe  optical  logical  device 

40  thus  manufactured  includes  a  series  connection  of 
the  first  and  second  light  sensitive  elements  3a  and 
3b,  which  can  be  shown  in  an  equivalent  circuit 
diagram  as  shown  in  Fig.  3. 

By  likewise  connecting  the  first  light  sensitive 
45  element  3a  and  the  second  light  sensitive 

elements  3b  in  a  parallel  connection  as  shown  in 
Fig.  4,  a  logical  sum  product  can  be  obtained 
between  the  output  terminals  15  and  16  if  and 
when  at  least  either  the  first  or  the  second  light- 

so  emitting  element  2a  or  2b  emits  light. 
Meanwhile,  the  amorphous  semiconductor  has 

a  characterisitic  in  which  the  light  emission  central 
wavelength  A,  has  been  shifted  toward  a  longer 
wavelength  as  compared  with  the  light  sensitive 

55  central  wavelength  A2  in  comparison  of  the  case 
where  the  light-emitting  elements  2a  and  2b  are 
made  of  the  same  material  and  the  case  where  the 
light  sensitive  elements  3a  and  3b  are  made  of  the 
same  material.  Therefore,  in  the  above  described 

60  embodimentthe  light-emitting  elements  2a  and  2b 
are  made  of  amorphous  silicon  carbide  and  the 
light  sensitive  elements  3a  and  3b  are  made  of 
amorphous  silicon  germanium  having  the  light 
sensitive  central  wavelength  A2  being  approxi- 

65  mately  at  680  nm  which  is  the  light  emission 

5 
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central  wavelength  A,  of  the  above  described 
amporphous  silicon  carbide.  By  properly  select- 
ing  the  composition  and  the  composition  ratio  of 
the  reaction  gas,  the  elements  having  the  sensi- 
tivity  not  only  of  the  above  desribed  embodiment 
but  also  in  the  infrared  region  can  be  formed  as 
desired. 

Fig.  7  is  a  further  embodiment  of  the  present 
invention,  which  is  an  expansion  of  the  Fig.  6 
embodiment.  More  specifically,  assuming  that  a 
pair  of  semiconductor  optical  logical  devices 
comprising  the  first  and  second  light-emitting 
elements  2a  and  2b  and  the  first  and  second  light 
sensitive  elements  3a  and  3b  as  shown  in  Fig.  6  is 
a  first  photocoupiing  pair  or  an  optical  logical 
circuit  OLC1,  then  the  Fig.  7  embodiment  com- 
prises  a  multilayer  including  a  second  optical 
logical  circuit  OLC2  having  the  first  and  second 
light-emitting  elements  2a  and  2b  and  the  first 
and  second  light  sensitive  elements  3a  and  3b 
laminated  on  the  first  optical  logical  circuit  OLC1. 
A  metallic  light  shielding  member  24  of  stainless 
steel  or  the  like  is  disposed  between  the  first 
optical  logical  circuit  OLC1  and  the  second  optical 
logical  circuit  OLC2  with  the  same  insulated,  so 
that  light  transmission  therebetween  may  be 
interrupted.  The  above  described  metallic  light 
shielding  member  24  may  not  be  necessarily 
provided,  inasmuch  as  the  light  sensitive 
elements  3a  and  3b  of  the  first  optical  logical 
circuit  OLC1  and  the  light-emitting  elements  2a 
and  2b  of  the  second  optical  logical  circuit  OLC2 
are  faced  to  each  other  through  the  respective 
metallic  electrode  films  9  and  19  and  the  metallic 
electrode  films  9  and  19  serve  as  a  light  shielding 
member. 

It  is  also  possible  to  make  difference  in  the 
sensitivity  wavelength  of  each  of  the  optical 
logical  circuits  OLC1  and  OLC2  by  differentiating 
the  materials  or  the  compositions  of  the  light- 
emitting  elements  2a  and  2b,  and  2a  and  2b  and 
the  light  sensitive  elements  3a  and  3b,  and  3a  and 
3b  of  the  first  optical  logical  circuit  OLC1  and  the 
second  optical  logical  circuit  OLC2,  respectively, 
and  in  such  a  case  again  the  metallic  light  shield- 
ing  member  24  can  be  dispensed  with. 

The  light-emitting  elements  2a  and  2b,  and  2a 
and  2b  and  the  light  sensitive  elements  3a  and  3b, 
and  3a  and  3b  thus  made  of  amorphous  semicon- 
ductor  does  not  require  any  specific  technology 
such  as  a  graphoepitaxial  technology,  a  laser 
anneal  technology  or  the  like,  as  is  dfferent  from 
the  case  of  single  crystalline  semiconductor,  and 
hence  can  be  implemented  in  a  multilayer  struc- 
ture  with  extreme  case. 

Meanwhile,  although  the  above  described 
optical  logical  circuit  was  structured  to  comprise 
one  set  of  two  light-emitting  elements  and  one  set 
of  two  light  sensitive  elements,  the  same  may  be 
structured  to  comprise  one  set  of  one  light- 
emitting  element  and  one  set  of  one  light  sensi- 
tive  element,  or  to  comprise  one  set  of  three  or 
more  elements  for  the  light-emitting  elements 
and  the  light  sensitive  elements.  A  multilayer 
structure  is  not  limited  to  a  two-layer  structure  but 

also  may  be  a  three-layer  structure,  a  four-layer 
structure  or  the  like. 

When  the  thickness  of  the  elements  OLC1  and 
OLC2  per  se  is  selected  to  be  several  urn  and  the 

5  thickness  of  the  transparent  insulating  film  1  '  is 
selected  to  be  5  to  6  p   in  a  structure  having  the 
optical  logical  circuit  laminated  as  in  the  case  of 
the  above  described  embodiment,  a  device  of  a 
very  small  thickness  and  of  flatness  as  a  whole 

10  can  be  provided.  If  the  transparent  insulating  film 
V  between  the  light-emitting  elements  and  the 
light  sensitive  elements  is  thus  thin,  there  is  no 
mutual  interference  of  light  in  the  adjacent  photo- 
coupling  and  accordingly  malfunction  due  to  the 

15  so-called  cross  talk  can  be  avoided. 
Fig.  8  is  a  graph  showing  a  spectral  response  of 

PIN  junction  type  amorphous  silicon  and  single 
crystalline  silicon.  More  specifically,  the  spectrum 
light  sensitivity  of  amorphous  silicon  exhibits  a 

20  single  peak  characteristic  having  the  light  sensi- 
tive  peak  wavelength  A0  at  approximately  580  nm 
as  shown  by  the  solid  line.  On  the  other  hand,  the 
single  crystalline  silicon  exhibits  an  easy  slope 
mountain  shaped  characteristic  having  a  wide 

25  range  of  400  to  1000  nm  in  wavelength  as  shown 
by  the  dotted  line. 

The  embodiment  to  be  described  subsequently 
was  implemented  in  consideration  of  such  spec- 
tral  response  of  amorphous  semiconductor  and 

30  the  embodiment  will  be  described  in  detail  with 
reference  to  Figs.  9  to  12. 

Fig.  9  is  a  sectional  view  of  the  embodiment, 
wherein  the  reference  character  1  denotes  a 
tranparent  insujating  substrate  of  glass,  heat 

35  resistive  plastic  orthe  like,  the  reference  character 
3  denotes  a  light  sensitive  element  having  a 
spectral  response  as  shown  in  Fig.  1  1  in  which  the 
light  sensitive  peak  comes  to  the  wavelength  Ao. 
The  light  sensitive  element  3  has  a  layered  struc- 

40  ture  in  which  the  transparent  electrode  film  7,  the 
amorphous  semiconductor  layer  8  and  the 
metallic  electrode  film  9  are  in  succession  lami- 
nated  on  one  main  surface  of  the  insulating 
substrate  1.  The  reference  characters  2a'  and  2b' 

45  denote  the  first  and  second  light  sources  faced  to 
the  above  described  light  sensitive  element  3 
formed  on  the  other  main  surface  of  the  above 
described  insulating  substrate  1  and  made  of 
light-emitting  diode  pellets,  for  example,  where  in 

so  the  respective  light  sources  2a'  and  2b'  emit  light 
of  the  first  wavelength  region  which  is  of  a 
wavelength  longer  than  the  peak  wavelength  Aq 
and  light  of  the  second  wavelength  region  which 
is  of  a  wavelength  shorter  than  the  peak 

55  wavelength  Aq.  The  reference  character  6'  denotes 
a  common  electrode  film  for  the  electrode  of  one 
of  the  first  and  second  light  sources  2a'  and  2b', 
which  common  electrode  film  is  made  of  a  con- 
ductive  adhesive  agent  of  silver  paste  or  the  like 

60  and  is  pattern  screened  in  an  E  letter  shaped  as 
shown  in  Fig.  10  on  the  insulating  substrate  1  and 
also  serves  as  fixing  means  for  fixing  the  first  and 
second  light  sources  2a'  and  2b'.  The  reference 
characters  5a  and  5b  denote  wire  leads  for  con- 

es  necting  the  electrode  of  the  other  of  the  first  and 
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second  light  sources  2a'  and  2b'  and  the  elec- 
trodes  pads  6a  and  6b  on  the  insulating  substrate 
1,  the  reference  characters  10,  11,...  denote  lead 
frames  for  supplying  an  input  signal  in  the  above 
described  first  and  second  light  sources  2a'  and 
2b'  and  for  withdrawing  an  output  signal  in  the 
ight  sensitive  element  3,  wherein  the  respective 
ead  frames  10,  11,...  are  electrically  and  mechan- 
ically  fixed  through  a  conductive  adhesive  agent 
or  the  like  to  the  respective  electrode  films  6',  6a, 
ob,  7  and  9.  The  reference  character  12  denotes  a 
molding  material  for  molding  the  first  and  second 
light  sources  2a'  and  2b'  for  interrupting  incident 
light. 

Now  a  specific  embodiment  employing  PIN 
junction  type  amorphous  silicon  for  the  amorph- 
ous  silicon  layer  8  of  the  light  sensitive  element  3 
will  be  described.  Such  amorphous  silicon  is 
Formed  by  introducing  silane  (SiH4)  as  a  reaction 
gas  into  a  plasma  reaction  furnace  and  by 
supplying  a  high  frequency  electric  power 
between  the  reaction  electrodes.  For  example,  in 
forming  a  P-type  layer,  diborane  (B2H6)  is  properly 
doped  and  in  forming  an  N-type  layer  phosphine 
(PH3)  is  properly  doped.  Then  the  growth  rate  is 
controlled  to  provide  a  PIN  junction  having  the 
respective  film  thicknesses  of  approximately  100 
A  for  the  P-type  layer,  approximately  5000  A  for 
the  l-type  (non-doped)  layer  and  approximately 
300  A  for  the  N-type  layer.  The  light  sensitive  peak 
wavelength  Aq  of  the  above,  described  PIN  junc- 
tion  type  amorphous  silicon  is  approximately 
580nm. 

On  the  other  hand,  the  light  emission 
wavelengths  Aa  and  A„  of  the  first  and  second  light 
sources  2a'  and  2b'  are  set  with  reference  to 
approximately  580  nm  which  is  the  peak 
wavelength  Aq  of  the  above  described  light  sensi- 
tive  element  3.  The  first  light  source  2a'  employs  a 
red  color  light-emitting  diode  pellet  of  the  light 
emission  wavelength  Aa  of  700  nm  made  of 
gallium  phosphate  (GaP)  and  the  second  light 
source  2  may  employ  a  blue  color  light-emitting 
diode  pellet  of  the  light  emission  wavelength  Ab  of 
460  nm  made  of  silicon  carbide  (SiC). 

If  and  when  an  input  signal  is  supplied  to  the 
first  light  source  2a'  of  the  light  emission 
wavelength  Aa  of  700  nm,  the  first  light  source  2a' 
operates  to  emit  light,  which  transmit  through  the 
transparent  insulating  substrate  1  and  the  trans- 
parent  electrode  film  7  to  impinge  upon  the  light 
sensitive  element  3  facing  thereto.  However,  the 
light  emission  wavelength  Aa  of  the  first  light 
source  2a'  for  emitting  light  is  700  nm  as 
described  above  and  the  peak  wavelength  Aq  of 
the  light  sensitive  element  3  upon  which  light 
impinges  is  580  nm  and  therefore  the  light  of  700 
nm  is  absorbed  by  the  N-type  layer  of  the 
amorphous  silicon  layer  8,  with  the  result  that  an 
output  Pa  of  a  low  level  smaller  than  a  predeter- 
mined  level  Pth  can  only  be  obtained  as  shown  in 
Fig.  12. 

On  the  other  hand,  when  an  input  signal  is 
supplied  to  the  second  light  source  2a'  of  the  light 
emission  wavelength  Ab  of  460  nm,  the  same 

likewise  operates  to  emit  light  to  impinge  upon 
the  light  sensitive  element  3.  The  light  of  460  nm 
reaches  the  amorphous  silicon  layer  8  of  the  light 
sensitive  element  3  to  be  absorbed  by  the  P-type 

5  layer.  Accordingly,  the  output  Pb  obtained  by 
light  emission  only  of  the  second  light  source  2b 
becomes  a  low  level  lower  than  the  predeter- 
mined  level  Pth. 

Thus,  only  the  output  Pa  of  the  low  level  could 
w  be  obtained  by  the  light  emission  of  only  the  first 

light  source  2a'  and  only  the  output  Pb  of  the  low 
level  could  be  obtained  by  the  light  emission  of 
only  the  second  light  source  2b';  however,  by 
causing  light  emission  simultaneously  from  both 

75  of  the  light  sources  2a'  and  2b',  the  output  Po  of  a 
high  level  higherthan  the  predetermined  level  Pth 
is  obtained.  More  specifically,  the  output  of  the 
light  sensitive  element  3  becomes  larger  than  the 
predetermined  level  Pth,  only  if  and  when  the  first 

20  and  second  light  sources  2a'  and  2b'  make  light- 
emitting  operations  simultaneously.  Accordingly, 
the  output  obtained  from  the  light  sensitive 
element  3  becomes  a  logical  product  of  the  input 
signals  of  the  first  and  second  light  sources  2a' 

25  and  2b'. 
Meanwhile,  other  approaches  may  be  con- 

sidered  in  which  germane  (GH4)  is  doped  into  the 
reaction  gas  for  the  purpose  of  increasing  the 
relative  sensitivity  of  the  first  wavelength  region 

30  of  the  longer  wavelength  so  that  the  N-type  layer 
may  be  changed  to  be  of  amorphous  silicon 
germanium;  silane  (SiH4)  is  doped  into  methane 
(CH4)  in  order  to  increase  the  relative  sensitivity  of 
the  second  wavelength  region  of  the  shorter 

35  wavelength  side  so  that  the  P-type  layer  may  be 
changed  to  be  of  amorphous  silicon  carbide. 
Furthermore,  by  properly  changing  the  composi- 
tion  and  the  composition  ratio  of  the  reaction  gas, 
the  amorphous  semiconductor  can  be  formed  so 

40  that  the  light  sensitive  peak  wavelength  may  be 
determined  as  desired  without  being  limited  to 
only  the  above  described  embodiment.  Alterna- 
tively,  the  light  sources  2a'  and  2b'  may  be  made 
of  amorphous  semiconductor.  In  such  case,  the 

45  wire  leads  5a  and  5b  can  be  dispensed  with,  as  is 
different  in  the  case  of  the  light-emitting  diode 
pellets,  and  thus  a  possibility  of  disconnection  on 
the  occasion  of  molding  can  be  avoided. 

Although  the  example  of  employing  the  PIN 
so  junction  was  shown  in  the  foregoing  description, 

alternatively  a  PN  junction,  a  heteroface  junction, 
or  a  Schottky  junction  may  be  employed.  How- 
ever,  the  effect  of  the  present  invention  is 
achieved  even  in  the  case  where  the  amorphous 

55  semiconductor  layer  forming  the  light  sensitive 
element  does  not  have  a  junction  form  for 
generating  a  photoelectromotive  force  in 
response  to  light  impingement  as  described 
above  and  instead  utilizes  a  photoconductive 

60  effect  exhibiting  an  increasing  conductivity  in 
response  to  light  impingement.  For  example,  in 
modifying  the  Fig.  9  embodiment  to  utilize  a 
photoconductive  effect  of  the  light  sensitive 
element,  the  light  of  a  shorter  wavelength  acts  on 

65  a  relatively  shallow  portion  of  the  substrate  and 
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the  light  of  a  longer  wavelength  reaches  to  a  deep 
portion  of  the  substrate,  with  the  result  that  the 
light  sensitive  elements  are  rendered  conductive 
only  if  and  when  two  kinds  of  the  light  are  caused 
to  impinge  upon  simultaneously.  This  means  that 
a  logical  product  circuit  is  provided. 

In  case  where  a  relatively  thick  transparent 
substrate  1  is  employed,  as  shown  in  the  Fig.  1 
embodiment,  a  so-called  cross  talk  could  arise  in 
which  the  light  from  the  light-emitting  element  2a 
impinges  on  the  light  sensitive  element  3b  or  the 
light  from  the  light-emitting  element  2b  impinges 
on  the  light  sensitive  element  3a.  The  reason  is 
that  diffused  reflection  is  liable  to  occur  in  the 
case  where  the  substrate  1  is  made  of  glass,  for 
example.  In  such  a  case,  one  countermeasure  can 
be  thought  in  which  the  wavelengths  of  the  light 
beams  of  the  pair  of  the  light-emitting  element  2a 
and  the  light  sensitive  element  3a  and  the  pair  of 
the  light-emitting  element  2b  and  the  light  sensi- 
tive  element  3b  are  differentiated.  Such  differenti- 
ation  of  the  light  emission  central  wavelength  of 
the  light-emitting  element  orthe  peak  wavelength 
of  the  spectral  response  of  the  light  senistive 
element  could  be  achieved  with  simplicity  by 
simply  changing  the  composition  of  the  semicon- 
ductor  layer,  as  described  previously,  by  chang- 
ing  the  composition  of  the  gas  being  introduced 
to  the  reaction  furnace  in  the  case  of  amorphous 
semiconductor,  for  example. 

Although  the  present  invention  has  been 
described  and  illustrated  in  detail,  it  is  clearly 
understood  that  the  same  is  by  way  of  illustration 
and  example  only  and  is  not  to  be  taken  by  way  of 
limitation,  the  scope  of  the  present  invention 
being  limited  only  by  the  terms  of  the  appended 
claims. 

Claims 

1  .  A  semiconductor  optical  logic  device,  com- 
prising;  a  transparent  member  (1,  1'); 

a  plurality  of  light-emitting  elements  (2a,  2b, 
2a',  2b')  located  on  one  main  surface  of  the 
transparent  member,  each  being  individually 
responsive  to  an  electrical  input  signal  for  emit- 
ting  light;  and 

one  or  more  light  sensitive  elements  (3;  3a,  3b) 
located  on  the  other  main  surface  of  the  trans- 
parent  member  so  as  to  face  the  light-emitting 
elements  and  receiving  light  from  said  light- 
emitting  elements  and  converting  said  light  into 
an  electrical  signal, 

a  logic  output  of  said  semiconductor  optical 
logic  device  being  obtained  as  a  function  of  the 
electrical  signals  from  said  light  sensitive 
elements  in  response  to  said  input  signals, 
characterized  in  that  said  light  sensitive  elements 
(3;  3a,  3b)  are  formed  of  a  film  directly  deposited 
on  the  respective  main  surface  of  the  transparent 
member  (1,  1'),  said  film  including  a  layer  of  non- 
monocrystalline  semiconductor  material. 

2.  A  semiconductor  optical  logic  device  accord- 
ing  to  claim  1,  characterized  in  that  said  light- 
emitting  elements  (2a,  2b;  2a'  2b')  are  formed  of  a 

film  of  light-emitting  semiconductor,  said  film 
being  deposited  on  the  respective  surface  of  said 
transparent  member  (1)  or  on  a  substrate  (20) 
with  the  transparent  member  (V)  being  disposed 

5  above  said  substrate  (20)  and  light-emitting 
elements  (2a,  2b). 

3.  A  semiconductor  optical  logic  device  in 
accordance  with  claim  1  or  2,  wherein  said  non- 
monocrystalline  semiconductor  is  an  amorphous 

10  semiconductor. 
4.  A  semiconductor  optical  logic  device  in 

accordance  with  claim  3,  wherein  said  amorph- 
ous  semiconductor  is  in  part  microcrystalline. 

5.  A  semiconductor  optical  logic  device  in 
15  accordance  with  claim  1,  wherein  adjacent  light- 

emitting  elements  (2a,  2b)  have  different  light 
emission  wavelengths  and  adjacent  light  sensi- 
tive  elements  (3a,  3b)  have  correspondingly 
different  light  sensitive  wavelengths,  whereby 

20  mutual  interference  between  adjacent  photo- 
coupling  pairs  of  light-emitting  and  light  sensitive 
elements  is  prevented. 

6.  A  semiconductor  optical  logic  device  in 
accordance  with  claim  2,  which  comprises  first 

25  and  second  optical  logical  circuits  (OLC1,  OLC2), 
each  including  a  plurality  of  light-emitting 
elements  (2a,  2b),  a  transparent  insulating  film 
(1')  for  covering  the  light-emitting  surface  of  said 
plurality  of  light-emitting  elements  (2a,  2b),  and  a 

30  plurality  of  light  sensitive  elements  (3a,  3b) 
formed  on  said  transparent  insulating  film  (1') 
corresponding  to  said  plurality  of  light-emitting 
elements,  respectively,  said  first  optical  logical 
circuit  (OLC1)  being  laminated  on  said  substrate 

35  (20)  and  said  second  optical  logical  circuit  (OLC2) 
being  laminated  on  said  first  optical  logical  circuit 
(OLC1). 

7.  A  semiconductor  optical  logic  device  in 
accordance  with  claim  1,  wherein  a  single  light 

40  sensitive  element  (3)  is  provided  for  commonly 
receiving  said  light  from  two  light-emitting 
elements  (2a,  2b),  said  single  light  sensitive 
element  (3)  comprising  an  amorphous  semicon- 
ductor  layer  (8)  having  a  spectrum  sensitivity 

45  characteristic  with  a  peak  at  a  specified 
wavelength,  and  said  one  of  said  light-emitting 
elements  (2a',  2b')  emitting  light  of  a  wavelength 
included  in  said  spectrum  sensitivity  region  of 
said  light  sensitive  element  (3)  and  longer  than 

so  said  specified  wavelength  and  the  other  emitting 
light  of  a  wavelength  included  in  said  spectrum 
sensitivity  region  of  said  light  sensitive  element 
(3)  and  shorter  than  said  specified  wavelength,  an 
output  signal  larger  than  a  predetermined  level 

55  being  obtained  from  said  single  light  sensitive 
element  when  both  light-emitting  elements  (2a', 
2b')  emit  light  simultaneously. 

Patentanspruche 
60 

1.  Logische  optische  Halbleiteranordnung  mit: 
einem  transparenten  Element  (1,  1'); 
einer  Anzahl  von  Leuchtelementen  (2a,  2b,  2a', 

2b'),  die  auf  einer  Hauptflache  des  transparenten 
65  Elementes  angeordnet  sind  und  von  denen  jedes 
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iinzeln  auf  ein  elektrisches  Eingangssignal  durch 
Vussendung  von  Licht  reagiert;  und 

einem  oder  mehreren  lichtempfindlichen  Ele- 
nenten  (3,  3a,  3b)  die  auf  der  anderen  Hauptfla- 
:he  des  transparenten  Elementes  so  angeordnet 
:ind,  dafS  sie  den  Leuchtelementen  gegenuberste- 
len  und  Licht  von  Leuchtelementen  empfangen 
jnd  dieses  in  elektrische  Signale  umwandeln, 

wobei  ein  logisches  Ausgangssignal  der  logi- 
ichen  optischen  Halbleiteranordnung  als  Funk- 
ion  der  elektrischen  Signale  von  den  lichtem- 
jfindlichen  Elementen  in  Abhangigkeit  von  den 
Eingangssignaien  erhalten  wird, 

dadurch  gekennzeichnet,  dalS  die  lichtempfind- 
ichen  Elemente  (3,  3a,  3b)  aus  einem  direkt  auf 
ter  entsprechenden  Hauptflache  des  transparen- 
:en  Elementes  (1,1')  aufgebrachten  Film  gebildet 
sind,  wobei  der  Film  eine  Schicht  aus  nicht- 
nonokristallinem  Haibleitermaterial  enthalt. 

2.  Logische  optische  Halbleiteranordnung 
jemaB  Anspruch  1,  dadurch  gekennzeichnet,  daS 
iie  Leuchtelemente  (2a,  2b;  2a',  2b')  aus  einem 
:ilm  eines  lichtaussendenden  Halbieiters  gebildet 
sind,  wobei  der  Film  auf  der  jeweiligen  Oberfia- 
;he  des  transparenten  Elementes  (1)  oder  auf 
sinem  Trager  (20)  aufgebracht  wird,  wobei  das 
transparente  Element  (V)  fiber  dem  Trager  (20) 
jnd  dem  Leuchtelementen  (2a,  2b)  angeordnet 
wird. 

3.  Logische  optische  Halbleiteranordnung 
gemalS  Anspruch  1  oder  2,  in  der  der  nicht- 
monokristalline  Halbleiter  ein  amorpher  Halblei- 
ter  ist. 

4.  Logische  optische  Halbleiteranordnung 
gemaB  Anspruch  3,  in  der  der  amorphe  Halbleiter 
teilweise  mikrokristallin  ist. 

5.  Logische  optische  Halbleiteranordnung 
gemaS  Anspruch  1  ,  in  der  benachbarte  Leuchtele- 
mente  (2a,  2b)  unterschiedliche  Lichtaussen- 
dungs-Welleniangen  haben  und  benachbarte  lich- 
tempfindliche  Elemente  (3a,  3b)  entsprechend 
unterscheidliche  Lichtempfindlichkeits-Wellen- 
langen  haben,  wodurch  eine  gegenseitige  Uberla- 
gerung  zwischen  benachbarten  fotokoppelnden 
Paaren  aus  lichtaussendenden  und  lichtempfind- 
lichen  Elementen  verhindert  wird. 

6.  Logische  optische  Halbleiteranordnung 
gemaS  Anspruch  2,  umfassend  eine  erste  und 
zweite  logische  optische  Schaltung  (OLC1,  OLC2), 
die  jede  ein  Vieizahl  von  Leuchtelementen 
umfasst,  einen  transparenten  isolierenden  Film 
(V)  zum  Abdecken  der  Leuchtoberflache  der  Viei- 
zahl  von  Leuchtelementen  (2a,  2b),  und  eine 
Vieizahl  von  lichtempfindlichen  Elementen  (3a, 
3b),  die  jeweils  auf  dem  transparenten  isolieren- 
den  Film  (1'),  entsprechend  der  Vieizahl  der 
Leuchtelemente,  ausgebildet  sind,  wobei  die 
erste  logische  optische  Schaltung  (OLC1)  als 
Beschichtung  auf  dem  Trager  (20)  aufgebracht 
und  die  zweite  logische  optische  Schaltung 
(OLC2)  als  Beschichtung  auf  der  ersten  logischen 
optischen  Schaltung  (OLC1)  aufgebracht  wird. 

7.  Logische  optische  Halbleiterschaltung 
gemalJ  Anspruch  1,  in  der  ein  einzelnes  lichtem- 
pfindliches  Element  (3)  vorgesehen  ist,  urn 

gemeinsam  das  Licht  von  zwei  Leucnteiemenien 
(2a'(  2b')  zu  empfangen,  wobei  das  einzelne 
iichtempfindliche  Element  (3)  eine  amorphe  Halb- 
leiterschicht  (8)  umfafct  mit  einer  Spektralemp- 

5  findlichkeitscharakteristik  mit  einem  Spitzenwert 
bei  einer  bestimmten  Wellenlange,  und  wobei 
eines  der  Leuchtelemente  (2a',  2b')  Licht  mit  einer 
Wellenlange  aussendet,  die  in  dem  Spektralemp- 
findlichkeitsbereich  des  lichtempfindlichen  Ele- 

<o  mentes  (3)  enthalten  ist  und  langer  als  die 
besagte  bestimmte  Wellenlange  ist  und  wobei 
das  andere  der  Leuchtelemente  (2a',  2b')  Licht  mit 
einer  Wellenlange  ausstrahlt,  die  in  dem  Spektral- 
empfindlichkeitsbereich  des  lichtempfindlichen 

'5  Elementes  (3)  enthalten  ist  und  kiirzer  als  die 
besagte  bestimmte  Wellenlange  ist,  und  in  der  ein 
Ausgangssignal,  grofcer  als  ein  vorbestimmter 
Pegel,  von  dem  einzelnen  lichtempfindlichen  Ele- 
ment  erhalten  wird,  wenn  beide  Leuchtelemente 

>o  (2a',  2b')  gleichzeitig  Licht  aussenden. 

Revendications 

1.  Un  dispositif  logique  optique  a  semiconduc- 
?5  teur,  comprenant; 

un  element  transparent  (1,  1'); 
un  ensemble  d'elements  luminescents  (2a,  2b, 

2a',  2b')  places  sur  une  surface  principale  de 
I'element  transparent,  chacun  d'eux  reagissant 

30  individuellement  a  un  signal  electrique  d'entrees 
en  emettant  de  la  lumiere;  et 

un  ou  plusieurs  elements  photosensibles  (3;  3a, 
3b),  places  sur  I'autre  surface  principale  de  I'ele- 
ment  transparent,  de  facon  a  faire  face  aux  ele- 

35  ments  luminescents,  qui  regoivent  de  la  lumiere  a 
partir  des  elements  luminescents  et  que  conver- 
tissent  cette  lumiere  en  un  signal  electrique, 

un  signal  de  sortie  logique  de  ce  dispositif 
logique  optique  a  semiconducteur  etant  obtenu 

40  en  fonction  des  signaux  electriques  que  fournis- 
sent  les  elements  photosensibles  sous  la  depen- 
dance  des  signaux  d'entree, 

caracterise  en  ce  que  les  elements  photosensi- 
bles  (3;  3a,  3b)  sont  formes  par  une  pellicule 

45  directement  deposee  sur  la  surface  principale 
respective  de  I'element  transparent  (1,  1  '),  et  cette 
pellicule  comprend  une  couche  d'un  materiau 
semiconducteur  non  monocristallin. 

2.  Un  dispositif  logique  optique  a  semiconduc- 
50  teur  selon  la  revendication  1,  caracterise  en  ce 

que  les  elements  luminescents  (2a,  2b;  2a',  2b') 
sont  formes  par  une  pellicule  de  semiconducteur 
luminescent,  et  cette  pellicule  est  deposee  sur  la 
surface  respective  de  I'element  transparent  (1),  ou 

55  sur  un  substrat  (20),  avec  I'element  transparent 
(V)  place  au-dessus  du  substrat  (20)  et  des  ele- 
ments  luminescents  (2a,  2b). 

3.  Un  dispositif  logique  optique  a  semiconduc- 
teur  selon  la  revendication  1  ou  2,  dans  lequel  le 

60  semiconducteur  non  monocristallin  est  un  semi- 
conducteur  amorphe. 

4.  Un  dispositif  logique  optique  a  semiconduc- 
teur  selon  la  revendication  3,  dans  lequel  le 
semiconducteur  amorphe  est  en  partie  micro- 

65  cristallin. 
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5.  Un  dispositif  logique  optique  a  semiconduc- 
teur  selon  la  revendication  1,  dans  lequel  des 
elements  luminescents  adjacents  (2a,  2b)  ont  des 
longueurs  d'onde  d'emission  de  lumiere  diffe- 
rentes,  et  des  elements  photosensibles  adjacents 
(3a,  3b)  ont  des  longueurs  d'onde  de  sensibiiite  a 
la  lumiere  qui  different  de  facon  correspondante, 
grace  a  quoi  il  ne  peut  pas  y  avoir  d'interaction 
mutuelle  entre  des  paires  de  photocouplage  adja- 
centes  formees  par  des  elements  luminescents  et 
photosensibles. 

6.  Un  dispositif  logique  optique  a  semiconduc- 
teur  selon  la  revendication  2,  comprenant  des 
premier  et  second  circuits  logiques  optiques 
(OLC1,  OLC2),  chacun  d'eux  comprenant  un 
ensemble  d'elements  luminescents  (2a,  2b),  une 
pellicule  isolante  transparente  (V)  pour  recouvrir 
la  surface  luminescente  de  cet  ensemble  d'ele- 
ments  luminescents  (2a,  2b),  et  un  ensemble 
d'elements  photosensibles  (3a,  3b)  formees  sur  la 
pellicule  isolante  transparente  (1'),  en  correspon- 
dence  avec  I'ensemble  d'elements  luminescents 
respectifs,  le  premier  circuit  logique  optique 
(OLC1)  etant  forme  sous  la  forme  d'une  structure 
multicouche  sur  le  substrat  (20),  et  le  second 

circuit  logique  optique  (OLC2)  etant  forme  sous  la 
forme  d'une  structure  multicouche  sur  le  premier 
circuit  logique  optique  (OLC1). 

7.  Un  dispositif  logique  optique  a  semiconduc- 
5  teur  selon  la  revendication  1,  dans  lequel  un  seul 

element  photosensible  (3)  est  prevu  pour  recevoir 
en  commun  la  lumiere  provenant  de  deux  ele- 
ments  luminescents  (2a,  2b),  cet  element  photo- 
sensible  unique  (3)  comprenant  une  couche  de 

w  semiconducteur  amorphe  (8)  ayant  une  caracte- 
ristique  de  sensibiiite  spectrale  avec  un  pic  a  une 
longueur  d'onde  specifiee,  et  I'un  des  elements 
luminescents  (2a',  2b')  emettant  de  la  lumiere 
d'une  longueur  d'onde  comprise  dans  la  region 

15  de  sensibiiite  spectrale  de  I'element  photosensi- 
ble  (3),  et  superieure  a  la  longueur  d'onde  speci- 
fiee,  tandis  que  I'autre  emet  de  la  lumiere  d'une 
longueur  d'onde  comprise  dans  la  regions  de 
sensibiiite  spectrale  de  I'element  photosensible 

20  (3),  et  inferieure  a  la  longueur  d'onde  specifiee,  et 
I'element  photosensible  unique  fournit  un  signal 
de  sortie  superieur  a  un  niveau  predetermine 
lorsque  les  deux  elements  luminescents  (2a'(  2b') 
emettent  simultanement  de  la  lumiere. 
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