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Description 

The  present  invention  relates  to  an  image  pick-up  tube  and  to  the  use  of  such  a  tube. 
Image  pick-up  tubes  according  to  the  present  invention  include  solid-state  photoconductive  image  pick- 

5  up  tubes  of  the  laminated  photoconductive  layer  type. 
Photoconductive  devices  composed  mainly  of  amorphous  semiconductors  include  solid-state  photocon- 

ductive  devices  of  laminated  photoconductive  layer  type  such  as  photocells,  one  dimensional  image  sensors 
described  in  JP-A-52-144992,  laid-open  on  December  2,  1  977,  for  example,  and  two  dimensional  image  sen- 
sors  composed  of  combination  of  solid-state  drive  circuits  and  amorphous  photoconductors  disclosed,  forex- 

10  ample,  JP-A-49-24619,  laid-open  on  March  5,  1974  (corresponding  to  Japanese  Patent  Application  No.  47- 
59514,  filed  July  3,  1972).  Such  photoconductive  devices  also  include  photoconductive  image  pick-up  tubes. 
In  solid-state  photoconductive  devices  of  laminated  photoconductive  layer  type  such  as  photocells  and  one 
dimensional  image  sensors  among  the  prior  art  devices,  an  electrode  having  such  contact  as  to  block  the 
charge  injection  is  usually  used  with  respect  to  the  photoconductive  layer  in  order  to  attain  fine  photo  response. 

15  However,  it  has  heretofore  been  impossible  to  realize  a  device  which  is  capable  of  extracting  the  signal  charge 
exceeding  the  number  of  carriers  generated  by  the  incident  light.  That  is  to  say,  the  gain  of  photoelectric  con- 
version  was  below  unity. 

As  targets  for  photoconductive  image  pick-up  tubes,  so-called  targets  of  blocking  type  described  in  JP- 
A-49-24619,  for  example,  and  so-called  targets  of  injection  type  are  used.  The  target  of  blocking  type  has  such 

20  a  structure  that  charge  injection  from  the  signal  electrode  side  and  the  electron  beam  scanning  side  is  pre- 
vented.  The  target  of  injection  type  has  such  a  structure  that  the  charge  is  injected  from  the  signal  electrode 
side  and/or  the  electron  beam  side.  The  target  of  blocking  type  has  a  feature  that  the  lag  can  be  reduced.  Be- 
cause  of  absense  of  multiplying  function  at  the  photoconductive  layer,  however,  a  highly  sensitive  target  of 
blocking  type  having  a  gain  larger  than  unity  has  not  heretofore  been  obtained. 

25  On  the  other  hand,  more  electrons  than  incident  electrons  can  be  introduced  into  an  external  circuit  in  ac- 
cordance  with  the  principle  of  the  target  of  injection  type.  Accordingly,  there  is  a  possibility  of  increasing  the 
sensitivity  so  as  to  attain  a  gain  larger  than  unity.  A  highly  sensitive  image  pick-up  tube  using  a  monocrystalline 
semiconductor  target  plate  of  np  structure  has  already  been  proposed  in  JP-A-43-18643  (published  on  August 
13,  1967).  There  has  also  been  proposed  a  highly  sensitive  image  pick-up  tube  having  an  electron  injection 

30  and  recombination  layer  at  the  beam  scan  side  of  the  photoconductive  layer  in  order  to  inject  scanning  electrons 
and  recombine  scanning  electrons  with  holes  (JP-A-62-2435,  laid-open  on  January  8,  1987  corresponding  to 
Japanese  Patent  Application  No.  60-140288,  filed  on  June  28,  1985). 

In  accordance  with  any  of  the  above-described  techniques  having  a  high  sensitivity  of  a  target  of  an  image 
pick-up  tube  of  photoconductive  type  to  attain  the  gain  larger  than  unity,  however,  a  part  of  scanning  electrons 

35  is  injected  into  the  target  of  the  image  pick-up  tube.  In  principle,  therefore,  the  effective  storage  capacitance 
of  the  target  is  disadvantageously  increased  and  hence  the  lag  is  increased. 

The  image  pick-up  tube  having  a  semiconductor  target  plate  described  in  the  aforementioned  JP-A-43- 
1  8643  must  satisfy  the  condition  Tt  <  Tn   ̂ Te,  where  Tt  represents  the  average  scanning  time  required  for  scan- 
ning  electrons  which  have  reached  a  p-type  monocrystalline  semiconductor  layer  to  reach  a  signal  electrode 

40  through  an  n-type  monocrystalline  semiconductor  layer,  and  Tn  and  Te  represent  the  average  life  of  electrons 
in  the  p-type  monocrystalline  semiconductor  layer  and  scanning  time  required  for  the  scanning  electron  beam 
to  scan  one  picture  element,  respectively.  In  addition,  it  is  difficult  to  obtain  a  monocrystalline  semiconductor 
substrate  of  good  quality.  In  case  Si  single  crystal  is  used  as  the  monocrystalline  substrate,  the  resistivity  of 
the  substrate  is  low  and  hence  the  np  structure  must  be  separated  in  the  mosaic  form  as  described  in  the  above 

45  described  JP-A-43-1  8643.  It  was  not  desirable  in  raising  the  resolution  of  the  image  pick-up  tube. 
Objects  variously  achievable  in  at  least  some  embodiments  of  the  invention  are  as  follows:- 
An  object  of  the  present  invention  is  to  provide  a  photoconductive  device  having  raised  sensitivity  and  an 

operation  method  for  such  a  photoconductive  device. 
Another  object  of  the  present  invention  is  to  provide  a  photoconductive  device  having  a  photoelectric  con- 

50  version  gain  larger  than  unity  and  an  operation  method  for  such  a  photoconductive  device. 
A  further  object  of  the  present  invention  is  to  provide  a  photoconductive  device  having  a  fine  photo  re- 

sponse  and  an  operation  method  for  such  a  photoconductive  device. 
A  further  object  of  the  present  invention  is  to  provide  a  photoconductive  device  having  a  uniform  photo- 

conductive  layer  which  can  be  easily  increased  in  area  and  provide  an  operation  method  for  such  a  photocon- 
55  ductive  device. 

A  further  object  of  the  present  invention  is  to  provide  a  photoconductive  device  which  can  be  easily  fabri- 
cated  and  an  operation  method  for  such  a  photoconductive  device. 

A  further  object  of  the  present  invention  is  to  provide  a  photoconductive  device  having  a  small  dark  current 

2 
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and  an  operation  method  for  such  a  photoconductive  device. 
Afurther  object  of  the  present  invention  is  to  provide  a  photoconductive  device  which  is  not  liable  to  sticking 

and  provide  an  operation  method  for  such  a  photoconductive  device. 
Afurther  object  of  the  present  invention  is  to  provide  a  photoconductive  device  having  a  photoconductive 

5  layer  which  is  not  liable  to  defects  and  provide  an  operation  method  for  such  a  photoconductive  device. 
According  to  one  aspect  of  the  present  invention  an  image  pick-up  tube  is  provided  comprising: 

a  substrate  (1,21,81,91,111); 
an  electrode  (2,22,82,92,112)  formed  over  the  substrate  (1,21,81,91,111); 
a  photoconductive  layer  (3)  formed  over  the  electrode  (2,22,82,92,112)  and  comprising  an  amorphous 

10  semiconductor  layer  (24,84,94,114)  for  charge  multiplication; 
means  (8)  for  applying  an  electric  field  to  the  amorphous  semiconductor  layer  (24,84,94,114)  to  induce 

charge  multiplication  in  the  amorphous  semiconductor  layer;  and 
charge  blocking  means  (23,25;83,85;93,95;113,115)  to  prevent  charge  injection  into  the  photoconduc- 

tive  layer  (3)  when  the  electric  field  is  applied  to  the  amorphous  semiconductor  layer. 
15  Use  of  the  image  pick-up  tube  is  another  aspect  of  the  invention. 

Further  preferred  and  optional  features  of  the  invention  are  set  out  in  the  sub-claims. 
Embodiments  of  the  invention  will  be  described  below  by  way  of  non-limitative  example,  with  reference 

to  the  accompanying  drawings,  in  which:- 
Fig.  1  shows  the  structure  of  an  image  pick-up  tube  which  is  an  embodiment  of  a  photoconductive  device 

20  according  to  the  present  invention. 
Fig.  2  shows  an  example  of  structure  of  a  photoconductive  device  according  to  the  present  invention. 
Figs.  3,  4,  5,  6,  7  and  8  are  drawings  used  for  explaining  the  characteristics  of  a  photoconductive  device 

according  to  the  present  invention. 
Figs.  9  and  10  show  embodiments  of  a  photoconductive  device  according  to  the  present  invention. 

25  Fig.  11  showsanexampleofthebasicconfigurationofacamerausingaphotoconductivedeviceaccording 
to  the  present  invention. 

Fig.  12  shows  an  embodiment  of  a  photoconductive  device  according  to  the  present  invention. 
Figs.  13,  14  and  15  are  drawings  for  explaining  the  characteristics  of  a  photoconductive  device  according 

to  the  present  invention. 
30  The  present  inventors  found  that  charge  multiplication  (avalanche  effect)  occurs  inside  the  amorphous 

semiconductor  layer  when  a  strong  electric  field  is  applied  to  the  amorphous  semiconductor  layer.  Such  charge 
multiplication  in  an  amorphous  semiconductor  has  been  confirmed  by  the  present  inventors  for  the  first  time. 

Prior  to  explaining  the  embodiments  of  the  present  invention,  the  charge  multiplication  in  the  amorphous 
semiconductor  layer  of  a  photoconductive  device  according  to  the  present  invention  will  first  be  described  by 

35  referring  to  Fig.  3.  Fig.  3  shows  the  output  signal  current  of  a  photoconductive  device  as  a  function  of  the  applied 
electric  field  (curve  101)  and  shows  the  dark  current  as  a  function  of  the  applied  electric  field  (curve  102), 
when  a  transparent  electrode,  a  thin  ceria  layer,  an  amorphous  Se  layer  and  an  Au  electrode  are  successively 
piled  up  on  a  transparent  glass  substrate  of  the  photoconductive  device.  Fig.  3  shows  the  relation  between 
the  optical  signal  current  and  the  applied  voltage  and  the  relation  between  the  dark  current  and  the  applied 

40  voltage,  when  the  light  is  radiated  onto  the  photoconductive  device  from  the  glass  substrate  side  under  the 
state  that  voltage  is  applied  to  electrodes  so  that  the  transparent  electrode  will  be  positive  with  respect  to  the 
Au  electrode.  The  applied  voltage  is  represented  by  the  electric  field  strength. 

The  ceria  layer  located  between  the  transparent  electrode  and  the  amorphous  Se  layer  functions  to  pre- 
vent  the  hole  injection.  And  the  number  of  electrons  injected  from  the  Au  electrode  to  the  amorphous  Se  layer 

45  is  very  small.  As  a  result,  the  present  photoconductive  device  operates  as  the  so-called  photoconductive  device 
of  blocking  type.  As  evident  from  Fig.  3,  the  relation  between  the  signal  current  and  the  applied  voltage  can 
be  divided  into  three  regions  A,  B  and  C. 

Fig.  4  shows  an  example  of  the  above  described  charge  multiplication  examined  for  the  target  of  a  photo- 
conductive  image  pick-up  tube.  Fig.  4  shows  the  relation  between  the  output  signal  current  and  the  target  vol- 

50  tage  of  a  target  of  an  image  pick-up  tube  derived  by  successively  depositing  a  transparent  conductive  layer, 
a  thin  ceria  layer,  an  amorphous  Se  layer  and  a  Sb2S3  layer  on  a  transparent  glass  substrate.  Fig.  4  shows 
the  relation  between  the  optical  signal  current  and  the  applied  voltage  derived  when  the  light  is  radiated  from 
the  glass  substrate  side  under  the  state  that  voltage  is  so  applied  to  the  target  that  the  conductive  layer  will 
have  a  positive  potential  as  compared  with  the  Sb2S3  layer.  The  target  voltage  is  represented  by  the  electric 

55  field  strength. 
The  ceria  layer  prevents  the  hole  injection.  Further,  the  Sb2S3  layer  prevents  scanning  electrons  from  flow- 

ing  into  the  amorphous  Se.  Accordingly,  the  target  of  the  present  image  pick-up  tube  functions  as  the  so-called 
blocking  type  target.  As  evident  from  Fig.  4,  the  relation  between  the  signal  current  and  the  applied  voltage  is 

3 
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composed  of  three  regions  A,  B  and  C  in  the  target  of  this  photoconductive  image  pick-up  tube  as  well. 
The  region  C  of  Fig.  3  or  4  is  the  operation  region  used  by  the  photoconductive  device  according  to  the 

present  invention.  Prior  to  description  of  the  operation  region  C,  other  operation  regions  A  and  B  will  now  be 
described. 

5  At  first,  the  operation  of  the  region  A  will  now  be  described.  Incident  photons  which  have  been  passed 
through  a  transparent  substrate  21  ,  a  transparent  electrode  22  and  an  auxiliary  rectifying  contact  layer  23  of 
Fig.  2,  for  example,  generate  electron-hole  pairs  in  an  amorphous  semiconductor  layer  24.  Fig.  2  shows  an 
example  of  structure  of  a  photoconductive  device  according  to  the  present  invention.  When  the  applied  electric 
field  is  increased  from  zero,  the  generated  electron-hole  pairs  are  partly  separated.  The  resultant  electrons 

10  proceed  to  the  transparent  electrode  22  and  the  holes  reach  the  blocking  layer  25.  At  this  time,  probability  of 
separation  of  the  electron-hole  pairs  becomes  greater  as  the  electric  field  is  increased.  Therefore,  as  the  ap- 
plied  electric  field  is  increased  in  strength  as  shown  in  Fig.  3,  the  signal  current  increases.  The  operation  of 
the  region  A  has  heretofore  been  described.  In  the  operation  of  the  region  A,  the  number  of  the  electron-hole 
pairs  generated  in  the  amorphous  semiconductor  layer  24  is  always  less  than  the  number  of  the  incident  pho- 

15  tons.  The  gain  of  the  photoconductive  layer  does  not  exceed  unity.  In  this  case,  it  is  a  matter  of  course  that 
amplification  is  absent  in  the  photoconductive  layer. 

Succeedingly,  the  operation  in  the  region  B  will  now  be  described.  If  the  electric  field  of  the  photoconduc- 
tive  layer  24  shown  in  Fig.  2  becomes  strong  enough  to  separate  most  of  electron-hole  pairs  generated  by  the 
incident  photons  and  make  electrons  and  holes  proceed  respectively  to  the  transparent  electrode  22  and  the 

20  electron  injection  blocking  layer  25  without  recombining  them,  the  signal  current  tends  to  be  saturated.  Even 
if  the  electric  field  is  further  strengthened,  the  signal  current  does  not  largely  increase.  The  operation  of  the 
region  B  has  heretofore  been  described.  In  the  operation  of  the  region  B,  recombination  is  reduced  as  compared 
with  the  operation  of  the  above  described  region  A.  However,  the  number  of  electron-hole  pairs  generated  in 
the  amorphous  semiconductor  layer  24  is  always  smaller  than  the  number  of  incident  electrons.  Accordingly, 

25  the  gain  of  the  photoconductive  layer  is  unity  even  at  its  maximum  value.  That  is  to  say,  amplification  at  the 
photoconductive  layer  is  absent  in  case  of  the  region  B  as  well.  The  blocking  type  target  described  before  in 
"DESCRIPTION  OF  THE  RELATED  ART"  is  operated  in  the  region  B  just  described. 

The  region  C  which  is  an  operation  region  of  the  photoconductive  device  according  to  the  present  invention 
will  now  be  described.  The  present  inventors  found  that  when  the  applied  electric  field  is  further  strengthened 

30  from  the  above  described  region  B,  charge  multiplication  occurs  in  the  amorphous  semiconductor  layer  24  of 
Fig.  2  and  the  signal  current  abruptly  increases,  resulting  in  the  gain  not  less  than  unity.  The  present  invention 
is  directed  to  raising  the  sensitivity  of  the  photoconductive  device  utilizing  the  effect  of  charge  multiplication 
caused  in  the  above  described  region  C. 

Phisycal  interpretation  of  the  charge  multiplication  caused  in  the  operational  electric  field  of  the  region  C 
35  is  not  sufficient  yet.  In  Fig.  5  which  shows  the  relation  of  the  present  embodiment  between  the  applied  electric 

field,  dark  current  and  lag,  the  lag  increase  in  the  region  C  of  the  present  invention  having  a  gain  not  less  than 
unity  is  not  perceptible  at  all  as  compared  with  the  region  B.  In  the  region  C  as  well,  the  dark  current  does  not 
increase  largely  excepting  a  part  of  the  region  C  where  the  gain  extremely  increases.  Therefore,  it  is  evident 
that  the  charge  multiplication  in  the  photoconductive  device  according  to  the  present  invention  is  not  the  mul- 

40  tiplication  caused  by  the  charge  injection  as  described  before  in  "DESCRIPTION  OF  THE  RELATED  ART"  but 
unknown  multiplication  caused  when  a  strong  electric  field  is  applied  to  a  blocking  type  photoconductive  layer 
using  an  amorphous  semiconductor. 

As  described  above,  an  electric  field  corresponding  to  the  region  C  is  applied  to  the  photoconductive  layer 
of  a  photoconductive  device  having  a  structure  as  shown  in  Fig.  2,  for  example.  If  the  light  is  radiated  from  the 

45  side  of  the  transparent  substrate  21  under  that  state,  a  greater  part  of  the  incident  light  is  absorbed  mainly  at 
the  side  of  the  transparent  electrode  21  of  the  amorphous  semiconductor  layer  24  to  generate  electron-hole 
pairs.  Among  these,  electrons  flow  to  the  side  of  the  transparent  electrode  21  .  However,  holes  run  in  the  amor- 
phous  semiconductor  layer  24  toward  the  electron  injection  blocking  Iayer25.  By  providing  the  amorphous  sem- 
iconductor  layer  24  with  such  thickness  that  charge  multiplication  is  caused  to  attain  desired  characteristics 

so  when  holes  run  under  the  high  electric  field  in  the  amorphous  semiconductor  layer  24,  therefore,  it  is  possible 
to  obtain  high  sensitivity  with  a  gain  larger  than  unity  while  maintaining  the  low  lag  property  of  the  photocon- 
ductive  layer  of  the  photoconductive  device. 

In  case  of  crystal  semiconductors,  such  charge  multiplication  is  already  known  as  avalanche  multiplication 
phenomenon.  The  crystal  semiconductor  has  problems  that  microplasma  is  caused  and  the  dark  current  is  as 

55  large  as  10"9  A/mm2.  In  addition,  the  dark  current  cannot  be  restricted  to  a  low  value  when  the  sectional  area 
of  the  device  is  large.  Therefore,  the  crystal  semiconductor  has  not  heretofore  been  put  into  practical  use  as 
a  two  dimensional  photoelectric  conversion  device  for  image  pick-up  tubes  or  the  like.  On  the  other  hand,  an 
amorphous  semiconductor  usually  has  many  internal  defects.  Therefore,  it  has  been  considered  that  such  phe- 
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nomenon  does  not  occur  in  the  amorphous  semiconductor.  In  fact,  multiplication  phenomenon  in  the  amor- 
phous  semiconductor  has  not  been  disclosed  until  now.  As  a  result  of  detailed  study  by  the  present  inventors, 
however,  it  has  been  found  that  the  charge  multiplication  exists  in  the  amorphous  semiconductor  and  its  dark 
current  does  not  exceed  one  hundredth  that  of  the  crystal  semiconductor  despite  its  large  area. 

5  Asa  result  of  further  detailed  study,  the  present  inventors  found  that  charge  multiplication  is  slight  for  elec- 
trons  while  it  is  significant  for  holes.  The  usual  photoconductive  image  pick-up  tube  is  a  device  using  an  op- 
eration  scheme  in  which  holes  run  within  a  photoconductive  layer.  If  the  above  described  phenomenon  in  the 
amorphous  semiconductor  is  used  in  a  photoconductive  image  pick-up  tube,  therefore,  it  is  possible  to  amplify 
charges  with  low  noise  and  good  efficiency.  For  amorphous  semiconductors,  it  is  easy  to  form  a  thin  film  having 

10  uniform  quality  and  a  large  area  and  it  is  possible  to  form  the  target  portion  of  the  image  pick-up  tube  by  using 
simple  process.  The  photoconductive  device  according  to  the  present  invention  using  an  amorphous  semicon- 
ductor  material  and  its  operation  method  are  extremely  effective. 

Figs.  2  and  12  show  examples  of  structures  of  photoconductive  devices  according  to  the  present  invention. 
Substrates  21,  111,  electrodes  22,  112  and  photoconductive  layers  24,  114  having  an  amorphous  semicon- 

15  ductor  layer  are  illustrated  respectively.  The  photoconductive  layers  24,  114  are  constructed  such  that  recti- 
fying  contact  are  provided  between  the  photoconductive  layers  and  the  transparent  electrode  22,  112  so  that 
injection  of  the  holes  from  the  transparent  electrodes  22,  112  are  prevented.  Although  not  required  when  the 
photoconductive  device  is  used  as  an  image  pick-up  tube,  a  pairing  electrode  118  may  be  required  as  shown 
in  Fig.  12  in  other  application  of  the  photoconductive  device. 

20  Further,  it  is  also  important  for  the  present  invention  to  provide  an  electron  injection  blocking  layer  25,  1  1  5 
in  order  to  block  injection  of  electrons. 

In  case  sufficient  rectifying  contact  is  not  obtained  between  the  electrode  22,  11  2  and  the  photoconductive 
layer  24,  114,  it  is  also  effective  to  insert  an  auxiliary  layer  23,  113  rectifying  contact  between  them  to  enhance 
the  rectifying  contact  function. 

25  The  present  invention  will  now  be  described  in  detail  by  referring  to  an  image  pick-up  tube  as  the  embodi- 
ment. 

In  accordance  with  the  present  invention,  a  fact  that  charge  multiplication  is  caused  in  an  amorphous  sem- 
iconductor  layer  capable  of  charge  multiplication  when  strong  electric  field  is  applied  to  the  amorphous  sem- 
iconductor  layer  is  used,  and  such  a  target  structure  as  to  effectively  cause  the  charge  multiplication  is  em- 

30  ployed.  It  is  thus  possible  to  obtain  an  image  pick-up  tube  having  high  sensitivity  with  gain  larger  than  unity 
without  increasing  the  lag. 

Especially  in  case  the  above  described  photoconductive  layer  is  formed  by  an  amorphous  semiconductor 
layer  mainly  comprising  selenium,  it  is  possible  to  obtain  suitable  charge  multiplication  at  least  in  the  range  of 
5x1  07  V/m  to  2x1  08  V/m  of  the  electric  field  region  causing  charge  multiplication. 

35  Fig.  1  shows  an  example  of  principal  structure  of  an  image  pick-up  tube  according  to  the  present  embodi- 
ment. 

The  image  pick-up  tube  comprises  a  target  portion  composed  of  a  transparent  substrate  1,  a  transparent 
electrode  2  and  a  photoconductive  layer  3.  And  the  image  pick-up  tube  is  made  by  hermetically  sealing  elec- 
trodes  4,  9  and  10  for  emitting,  accelerating,  deflecting  and  focusing  an  electron  beam  6  into  the  vacuum  in 

40  a  glass  tube  5. 
Electrons  emitted  from  the  cathode  4  are  accelerated  by  voltage  applied  to  the  acceleration  electrode  9 

and  deflected  and  focused  by  voltage  applied  to  the  deflection  and  focusing  electrode  10.  The  resultant  elec- 
tron  beam  6  scans  the  face  of  the  photoconductive  layer  3.  In  a  part  scanned  by  the  electron  beam,  a  closed 
circuit  passing  through  the  electron  beam,  the  transparent  electrode  2,  an  external  resistance  7  and  a  power 

45  source  8  is  formed.  The  photoconductive  layer  3  is  charged  almost  up  to  voltage  of  power  source  8  in  such  a 
direction  that  the  electron  beam  scanning  side  assumes  negative  potential.  If  light  11  is  radiated  under  this 
state,  the  light  transmitted  through  the  transparent  substrate  1  is  absorbed  by  the  photoconductive  layer  3  to 
generate  optical  carriers.  These  optical  carriers  are  separated  by  the  electric  field  within  the  photoconductive 
layer  3  defined  by  the  power  source  8.  The  separated  carriers  run  in  the  photoconductive  layer  3.  Holes  among 

so  optical  carriers  run  toward  the  electron  beam  scanning  side  and  electrons  run  toward  the  transparent  electrode 
2.  The  potential  difference  between  both  ends  of  the  photoconductive  layer  3  which  has  been  charged  as  de- 
scribed  before  is  reduced.  Therefore,  by  making  the  dark  resistance  of  the  photoconductive  layer  3  sufficiently 
large,  electric  charge  pattern  is  generated  on  the  surface  at  the  electron  beam  scanning  side  of  the  photocon- 
ductive  layer  3  in  accordance  with  incident  light  amount. 

55  When  the  photoconductive  layer  3  is  subsequently  scanned  by  the  electron  beam  6,  the  photoconductive 
layer  3  is  so  charged  as  to  supplement  this  reduction  in  potential  difference.  The  current  flowing  through  the 
external  resistance  7  at  this  time  is  taken  out  as  the  signal. 

The  above-mentioned  process  is  common  with  the  operation  of  prior  art  image  pick-up  tube  of  photocon- 
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ductive  type  having  a  blocking  type  target.  However,  in  the  present  invention,  an  amorphous  semiconductor 
having  a  charge  multiplication  function  is  used  at  least  in  a  portion  of  the  photoconductive  layer.  If  an  electric 
field  strong  enough  to  cause  the  charge  multiplication  in  the  amorphous  semiconductor  layer  is  applied  to  the 
image  pick-up  tube  of  Fig.  1  ,  the  optical  carriers  run  ning  in  the  photoconductive  layer  3  are  strongly  accelerated 

5  to  have  high  energy  and  generate  new  electron-hole  pairs  by  that  energy.  These  carriers  are  again  accelerated 
and  increases  in  avalanche  in  the  photoconductive  layer.  In  this  case,  therefore,  the  decrease  in  potential  dif- 
ference  caused  by  the  above  described  process  becomes  larger  as  compared  with  the  case  of  a  conventional 
image  pick-up  tube  where  the  number  of  carriers  is  not  multiplied  in  a  photoconductive  layer.  As  a  result,  the 
current  flowing  during  the  recharging  process  becomes  large.  That  is  to  say,  the  high  sensitivity  is  obtained. 

10  If  such  strong  electric  field  as  to  cause  charge  multiplication  inside  the  amorphous  semiconductor  layer 
is  applied  to  the  amorphous  semiconductor  layer,  the  rectifying  contact,  namely  the  hole  injection  blocking 
function  or  the  function  of  blocking  electron  injection  from  the  scanning  beam  becomes  insufficient  and  hence 
the  dark  current  is  increased,  or  local  dielectric  breakdown  is  caused,  giving  rise  to  a  problem  of  raising  a  pos- 
sibility  of  picture  defects  such  as  white  spots  on  the  monitor  picture  tube.  These  drawbacks  can  be  eliminated 

15  by  adding  a  specific  material  into  the  amorphous  semiconductor  layer  to  control  the  electric  field  distribution 
within  the  amorphous  semiconductor  layer  as  described  below. 

At  first,  the  present  inventors  found  that  it  was  effective  to  put  a  material  forming  hole  traps  in  an  amor- 
phous  semiconductor  layer  mainly  comprising  Se  into  at  least  a  part  of  the  amorphous  semiconductor  layer  for 
the  purpose  of  enhancing  the  hole  injection  blocking  function  or  restraining  the  occurrence  of  white  spots.  As 

20  a  material  forming  hole  traps  in  such  an  amorphous  semiconductor  layer,  at  least  one  selected  out  of  a  group 
composed  of  Li,  Na,  K,  Mg,  Ca,  Ba  and  Tl  as  well  as  their  fluorides  and  fluorides  of  A],  Cr,  Mn,  Co,  Pb  and  Ce 
is  extremely  effective.  The  fluoride  among  them  may  be  one  having  stoichiometric  composition  such  as  LiF, 
NaF,  MgF2,  CaF2,  BaF2,  AIF3,  CrF3,  MnF2,  CoF2,  PbF2,  CeF2,  TIF  or  KF  or  one  having  different  composition. 
As  a  result  of  further  detailed  study,  such  a  material  forming  hole  traps  in  an  amorphous  semiconductor  layer 

25  need  not  necessarily  be  distributed  with  uniform  concentration  but  may  change  in  concentration  with  respect 
to  the  layer  thickness  direction  of  the  amorphous  semiconductor  layer.  Or  such  a  material  may  be  contained 
in  at  least  a  part  of  the  layer  thickness  direction.  Especially  in  case  such  a  material  is  added  to  the  light  incidence 
side  of  the  amorphous  semiconductor  layer,  the  electric  field  near  the  electrode  interface  can  be  lightened  with- 
out  hampering  the  charge  multiplication.  It  has  been  thus  made  clear  that  such  a  material  brings  about  signif- 

30  icant  effects. 
It  is  important  that  the  photoconductive  device  has  a  blocking-type  structure  and  at  least  one  of  materials 

forming  hole  traps  in  the  amorphous  semiconductor  layer  is  contained  in  at  least  a  part  of  the  amorphous  sem- 
iconductor  layer  forming  at  least  a  part  of  the  photoconductive  layer. 

Fig.  6  shows  white  spots  occurrence  found  in  a  target  containing  2,000  weight  ppm  of  LiF  in  a  part  of  an 
35  amorphous  semiconductor  layer  mainly  composed  of  Se  as  compared  with  another  target  with  no  LiF  added. 

These  white  spots  generated  when  high  voltages  were  applied  to  the  image  pick-up  tubes  having  these  targets 
to  cause  the  charge  multiplication  in  the  amorphous  semiconductor  layers.  It  is  evident  from  Fig.  6  that  it  be- 
comes  possible  to  control  the  electric  field  within  the  photoconductive  layer  and  reduce  largely  the  white  spots 
occurrence  rate  without  hampering  the  charge  multiplication  by  putting  LiF  into  at  least  a  part  of  the  amorphous 

40  semiconductor  layer. 
The  effect  obtained  by  adding  the  above  described  material  forming  hole  traps  in  the  amorphous  semi- 

conductor  layer  is  not  sufficient  if  the  additive  concentration  is  low.  If  the  additive  concentration  is  too  high, 
the  electric  field  in  the  above  described  amorphous  semiconductor  layer  tends  to  vary  and  there  is  a  fear  of 
sticking.  Accordingly,  the  local  concentration  of  the  above  described  additive  in  the  layer  thickness  direction 

45  of  the  amorphous  semiconductor  layer  is  desired  to  be  not  less  than  20  weight  ppm  and  not  higher  than  10 
weight  %. 

Explanation  will  now  be  presented  of  a  means  for  enhancing  the  electron  injection  blocking  function. 
By  increasing  the  thickness  of  the  electron  injection  blocking  layer  in  an  attempt  to  enhance  the  electron 

scanning  beam  blocking  function,  the  dark  current  can  be  made  small.  However,  at  the  same  time,  this  raises 
so  a  possibility  of  obtaining  a  picture  quality  degradation. 

It  is  now  assumed  that  such  strong  electric  field  as  to  cause  charge  multiplication  inside  an  amorphous 
semiconductor  layer  mainly  comprising  Se  is  applied  to  the  amorphous  semiconductor  layer.  In  this  case,  the 
present  inventors  found  that  it  was  effective  to  put  a  material  forming  electron  traps  in  the  amorphous  semi- 
conductor  layer  into  at  least  a  part  of  the  amorphous  semiconductor  layer  for  the  purpose  of  enhancing  the 

55  blocking  function  with  respect  to  the  scanning  electron  beam.  Owing  to  this  method,  the  current  can  be  made 
small  by  increasing  the  layer  thickness  of  the  blocking  layer  at  the  scanning  electron  beam  side.  It  is  not  nec- 
essary  to  enhance  the  blocking  function  with  respect  to  the  scanning  electron  beam.  Deterioration  in  picture 
quality  due  to  the  increased  lag  is  also  avoided.  In  addition,  it  is  possible  to  obtain  fine  dark  current  charac- 

6 



EP  0  255  246  B1 

teristics  without  hampering  the  charge  multiplication. 
As  such  a  material  forming  electron  traps  in  the  amorphous  semiconductor  layer,  at  least  one  selected  from 

a  group  consisting  of  copper  oxide,  indium  oxide,  selenium  oxide,  vanadium  oxide,  molybdenum  oxide,  tung- 
sten  oxide,  gallium  fluoride,  indium  fluoride,  Zn,  Ga,  In,  CI,  I  and  Br  was  found  to  be  extremely  effective. 

5  The  oxide  and  the  fluoride  may  have  stoichiometric  composition  like  CuO,  ln203,  Se02,  V205,  Mo03,  W03, 
GaF3  or  lnF3  or  may  have  a  composition  ratio  displaced  therefrom. 

As  a  result  of  further  detailed  study  by  present  inventors,  it  has  been  made  clear  that  significant  effects 
are  obtained  when  the  material  forming  electron  traps  in  the  amorphous  semiconductor  layer  is  added  near 
the  electron  beam  scanning  side  because  the  electric  field  near  the  electron  beam  scanning  side  can  be  light- 

10  ened  without  hampering  the  charge  multiplication.  It  has  also  been  made  clear  that  the  additive  need  not  nec- 
essarily  be  distributed  with  uniform  concentration  with  respect  to  the  layer  thickness  direction  of  the  photo- 
conductive  layer  but  may  vary  in  concentration.  If  the  concentration  of  a  material  forming  the  electron  traps 
added  to  at  least  a  part  of  the  layer  thickness  direction  of  the  amorphous  semiconductor  layer  mainly  comprising 
Se  is  low,  the  effect  of  the  present  invention  is  not  sufficient.  If  the  concentration  is  too  high,  there  is  a  fear 

15  that  sticking  tends  to  be  occurred. 
Therefore,  it  is  desirable  that  the  local  concentration  of  the  material  forming  electron  traps  added  to  the 

amorphous  semiconductor  layer  is  not  lower  than  20  weight  ppm  and  not  higher  than  1  0  weight  %  in  the  layer 
thickness  direction  of  the  amorphous  semiconductor  layer. 

If  a  plurality  of  kinds  of  materials  are  added,  the  value  of  the  additive  concentration  is  the  sum  of  concen- 
20  trations  of  respective  additives.  It  has  also  been  made  clear  that  the  effect  is  further  enhanced  by  forming  a 

layer  with  at  least  one  of  As  and  Ge  added  to  at  least  a  part  of  the  vicinity  of  the  electron  beam  scanning  side 
concurrently  with  adding  the  material  forming  electron  traps. 

T a b l e   1 

Dark  c u r r e n t   (nA) 
Gain   1 

T a r g e t   (I)  T a r g e t   ( I I )  

5  0.2  to  0 .3   10  to  13 

10  0.3  to  3.0  1  3  .  to  2  0 

Table  1  compares  the  dark  current  characteristics  of  a  target  (I)  with  those  of  a  target  (II).  The  target  (I) 
contains  indium  oxide  of  2,000  weight  ppm  and  As  of  38.8  weight  %  in  a  part  of  the  vicinity  of  the  electron  beam 

40  scanning  side  of  the  amorphous  semiconductor  layer  mainly  comprising  Se  in  accordance  with  the  present  in- 
vention.  The  present  invention  has  not  been  applied  to  the  target  (II).  In  the  ensuing  description  of  the  present 
invention,  the  concentration  of  the  material  added  to  the  amorphous  semiconductor  layer  is  represented  by  a 
weight  ratio  in  any  case.  In  case  the  present  invention  has  been  applied,  it  is  evident  from  Table  1  that  it  is 
possible  to  control  the  electric  field  in  the  target  and  largely  decrease  the  dark  current  without  hampering  the 

45  charge  multiplication. 
The  above  described  means  for  adding  a  material  forming  hole  traps  in  the  amorphous  semiconductor  layer 

may  be  combined  with  means  for  adding  a  material  forming  electron  traps. 
Fig.  7  shows  applied  voltage  of  target  which  produces  the  gain  1  or  10  in  the  target  of  an  image  pick-up 

tube  using  amorphous  semiconductor  layers,  which  mainly  comprise  Se  and  which  are  different  each  other  in 
so  layer  thickness,  as  photoconductive  layers.  Fig.  7  also  shows  the  relation  between  the  dark  current  and  the 

layer  thickness  derived  when  the  target  voltage  is  applied.  It  is  evident  from  Fig.  7  that  the  dark  current  abruptly 
increases  when  the  layer  thickness  of  the  amorphous  semiconductor  layer  becomes  below  0.5  um.  Accordingly, 
the  layer  thickness  of  the  amorphous  layer  is  desired  to  be  not  less  than  0.5  um. 

If  the  layer  thickness  is  made  large,  however,  the  applied  voltage  of  target  required  to  obtain  a  gain  larger 
55  than  unity  also  becomes  high  and  wavelets  patterns  (hereafter  referred  to  as  "wavelets  phenomena")  tend  to 

occur  in  the  periphery  of  the  screen.  The  abnormal  phenomena  tend  to  occur  when  the  applied  voltage  is  not 
lower  than  700  V.  For  practical  use,  therefore,  it  is  understood  from  Fig.  7  that  the  layer  thickness  of  the  amor- 
phous  semiconductor  is  desired  to  be  not  higher  than  10  um. 
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Further,  a  material  forming  hole  traps  in  the  amorphous  semiconductor  layer  and/or  another  material  form- 
ing  electron  traps  may  be  contained  in  the  above  mentioned  amorphous  semiconductor  to  reduce  the  occur- 
rence  possibility  of  white  spots.  Further,  the  photoconductive  layer  need  not  necessarily  be  a  single  layer  of 
amorphous  semiconductor  layer.  The  photoconductive  layer  may  be  formed  by  piling  up  two  or  more  kinds  of 

5  amorphous  semiconductor  layers  having  charge  multiplication  function,  may  be  formed  by  a  combination  of  a 
layer  having  the  charge  multiplication  function  and  a  layer  having  a  photo  carrier  generation  function  or  may 
be  formed  by  piling  up  a  crystal  semiconductor  and  the  above  described  amorphous  semiconductor  layer.  The 
requisite  is  that  the  total  layer  thickness  of  amorphous  semiconductor  layers  mainly  comprising  Se  is  not  less 
than  0.5  um  and  not  larger  than  10  um  when  the  layers  function  as  charge  multiplication  layer. 

10  In  case  an  amorphous  semiconductor  material  mainly  comprising  Se  is  used  as  the  amorphous  semicon- 
ductor  layer,  the  limit  of  the  incident  light  at  the  longer  wavelength  side  capable  of  absorbing  the  incident  light 
to  generate  optical  carriers,  i.e.,  electron-hole  pairs  is  defined  by  the  energy  gap  of  the  amorphous  Se.  Further, 
in  case  of  amorphous  Se,  electron-hole  pairs  generated  by  the  absorbed  incident  light  are  partly  recombined 
to  disappear  before  they  are  separated  by  the  electric  field  to  form  a  signal  current.  This  phenomenon  becomes 

15  more  significant  as  the  wavelength  of  the  incident  light  becomes  longer.  This  tendency  still  remains  even  in 
such  a  strong  electric  field  region  as  to  cause  charge  multiplication  in  the  amorphous  Se  layer. 

Two  means  described  below  were  found  to  be  effective  in  solving  these  problems. 
At  first,  the  present  inventors  have  revealed  that  the  above  described  charge  multiplication  maintained  and 

high  sensitivity  is  easily  obtained  for  long  wavelength  light  as  well  when  at  least  one  out  of  Te,  Sb,  Cd  and  Bi 
20  is  added  to  at  least  a  part  of  the  amorphous  semiconductor  layer  mainly  comprising  Se.  At  this  time,  the  con- 

centration  of  the  element  added  to  the  amorphous  semiconductor  layer  mainly  comprising  Se  need  not  be  con- 
stant  with  respect  to  the  layer  thickness  direction  in  the  layer  and  may  vary.  Fig.  8  shows  an  example  of  the 
relation  between  the  sensitivity  for  long  wavelength  light  and  the  average  additive  concentration  of  Te  obtained 
under  an  identical  operation  condition.  As  evident  from  Fig.  8,  the  sensitivity  for  long  wavelength  light  is  in- 

25  creased  as  the  additive  concentration  of  Te  is  increased.  It  is  thus  understood  that  addition  of  Te  is  extremely 
effective.  The  requisite  is  to  add  at  least  one  of  Te,  Sb,  Cd  and  Bi.  Although  the  concentrations  of  the  additives 
should  be  chosen  according  to  the  application  of  the  image  pick-up  tube,  the  average  value  is  desired  to  be 
not  less  than  0.1  weight  %.  If  the  additive  concentration  is  too  high,  however,  the  electric  field  at  the  blocking 
contact  part  becomes  strong  and  hence  the  dark  current  is  increased,  fine  characteristics  desirable  for  the  im- 

30  age  pick-up  tube  being  not  attainable.  It  is  desirable  that  the  average  value  of  concentrations  of  additives  is 
not  larger  than  50  weight  %.  For  the  purpose  of  obtaining  stable  rectifying  characteristics,  the  above  described 
additive  is  desired  not  to  be  added  to  a  part  of  the  electrode  interface  of  the  photoconductive  layer  3  as  shown 
in  Fig.  1  at  the  light  incidence  side  provided  that  the  photoconductive  layer  3  consists  of  only  an  amorphous 
semiconductor  layer  mainly  comprising  Se. 

35  As  the  second  means  for  solving  the  above  described  problem,  the  present  inventors  disclose  means  dis- 
posing  a  new  optical  carrier  generation  layer  different  from  the  amorphous  semiconductor  layer  adjacent  to 
the  amorphous  semiconductor  layer  in  the  photoconductive  layer,  instead  of  providing  the  amorphous  semi- 
conductor  layer  itself  with  both  charge  generation  function  and  charge  multiplication  function.  If  the  incident 
light  is  absorbed  in  the  above  described  optical  carrier  generation  layer  to  generate  a  greater  part  of  optical 

40  carriers  and  those  optical  carriers  are  led  to  the  amorphous  semiconductor  layer  to  be  multiplied  in  the  amor- 
phous  semiconductor  layer,  carriers  disappearing  in  the  amorphous  semiconductor  layer  due  to  direct  recom- 
bination  of  free  electrons  with  free  holes  are  very  few.  It  is  thus  possible  to  solve  the  above  described  problem 
of  degradation  in  efficiency  caused  by  the  recombination  of  optical  carriers  within  the  amorphous  semicon- 
ductor  layer.  Owing  to  this  means,  it  is  possible  to  establish  the  spectrum  sensitivity  characteristics  agreeing 

45  with  the  application  of  the  image  pick-up  tube  by  selecting  the  material  of  the  optical  carrier  generation  layer 
according  to  the  object. 

In  case  of  amorphous  Se,  for  example,  a  uniform  thin  film  can  easily  be  formed  on  an  arbitrary  optical 
carrier  generation  layer  by  the  vacuum  deposition  method.  The  photoconductive  layer  having  amorphous  Se 
as  the  charge  multiplication  layer  is  extermely  effective  as  the  target  of  an  image  pick-up  tube. 

so  |f  the  optical  carrier  generation  layer  is  disposed  at  this  time  at  the  transparent  electrode  side  with  respect 
to  the  amorphous  Se  charge  multiplication  layer,  most  of  charges  flowing  into  the  amorphous  Se  become  holes. 
Accordingly,  it  becomes  unnecessary  to  consider  noise  components  based  upon  running  of  electrons  gener- 
ated  by  the  light.  Thus,  this  disposition  is  further  advantageous  in  low-noise  multiplication. 

Fig.  9  is  a  structure  diagram  showing  the  principle  of  the  target  in  an  embodiment  of  an  image  pick-up 
55  tube  according  to  the  present  invention.  Atransparent  substrate  81  ,  a  transparent  electrode  82,  an  optical  car- 

rier  generation  layer  86  absorbing  the  light  and  generating  charges,  an  amorphous  semiconductor  layer  84 
serving  as  a  charge  multiplication  layer,  and  an  electron  injection  blocking  layer  85  are  illustrated.  If  rectifying 
contact  at  the  interface  between  the  transparent  electrode  82  and  the  optical  carrier  generation  layer  86  is  not 
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enough  to  prevent  injection  of  holes  from  the  transparent  electrode  82  to  the  optical  carrier  generation  layer 
86,  it  is  also  effective  to  add  an  auxiliary  rectifying  contact  layer  83  between  the  transparent  electrode  82  and 
the  optical  carrier  generation  layer  86  to  enhance  the  rectifying  contact  function. 

It  is  a  matter  of  course  that  the  material  forming  the  optical  carrier  generation  layer  must  be  large  in  optical 
5  absorption  coefficient  and  photoelectric  conversion  efficiency.  However,  the  material  forming  the  optical  car- 

rier  generation  layer  need  not  necessarily  be  an  amorphous  material  but  may  be  a  crystal  material.  To  be  con- 
crete,  an  amorphous  semiconductor  of  chalcogenide  family,  an  amorphous  semiconductor  of  tetrahedral  fam- 
ily,  a  compound  semiconductor  of  lll-V  family,  a  compound  semiconductor  of  ll-VI  family  or  their  compounds, 
for  example,  can  be  used.  In  this  case,  it  is  important  that  the  hole  injection  from  the  transparent  electrode 

10  into  the  optical  carrier  generation  layer  is  prevented  under  high  electric  field,  but  holes  easily  flow  from  the 
optical  carrier  generation  layer  into  the  amorphous  semiconductor  layer. 

When  carriers  do  not  run  smoothly  from  the  optical  carrier  generation  layer  to  the  charge  multiplication 
layer,  it  is  also  effective  to  insert  an  intermediate  layer  comprising  a  compound  material  which  is  different  in 
composition  from  the  optical  carrier  generation  layer  between  the  optical  carrier  generation  layer  and  the 

15  charge  multiplication  layer  to  improve  the  carrier  running  property. 
Fig.  10  is  a  structure  diagram  showing  the  principle  of  the  target  of  an  embodiment  of  an  image  pick-up 

tube  according  to  the  present  invention.  Atransparent  substrate  91  ,  a  transparent  electrode  92,  an  optical  car- 
rier  generation  layer  96  absorbing  the  light  and  generating  charges,  an  amorphous  semiconductor  layer  94 
serving  as  a  charge  multiplication  layer,  and  an  electron  injection  blocking  layer  95  are  illustrated.  If  rectifying 

20  contact  at  the  interface  between  the  transparent  electrode  92  and  the  optical  carrier  generation  layer  96  is  not 
enough  to  prevent  injection  of  holes  from  the  transparent  electrode  92  to  the  optical  carrier  generation  layer 
96,  it  is  also  effective  to  insert  an  auxiliary  rectifying  contact  layer  93  between  the  transparent  electrode  92 
and  the  optical  carrier  generation  layer  96  to  enhance  the  rectifying  contact  function  in  the  same  way  as  Fig. 
9.  Fig.  10  shows  the  position  of  the  above  described  intermediate  layer  97  from  the  viewpoint  of  principle. 

25  It  is  effective  to  use  as  this  intermediate  layer  a  layer  for  changing  the  distribution  of  the  electric  field 
strength  within  the  photoconductive  layer  by  adding  a  material  for  changing  the  band  gap  such  as  bismuth, 
cadmium,  or  their  chalcogenide  compounds,  tellurium  or  tin,  or  a  material  forming  the  negative  space  charge 
such  as  arsenic,  germanium,  antimony,  indium,  gallium,  or  their  chalcogenide  compounds,  sulphur,  chlorine, 
iodine,  bromine,  oxidized  copper,  indium  oxide,  selenium  oxide,  vanadium  oxide  (for  example,  vanadium  pen- 

30  taoxide),  molybdenum  oxide,  tungsten  oxide,  gallium  fluoride,-  or  indium  fluoride  to  an  amorphous  semicon- 
ductor  layer  mainly  comprising  Se,  for  example. 

In  any  case,  the  object  of  the  above  described  intermediate  layer  is  to  facilitate  flow  of  electrons  from  the 
charge  multiplication  layer  into  the  optical  carrier  generation  layer  and  flow  of  holes  from  the  optical  carrier 
generation  layer  to  the  amorphous  semiconductor  layer  under  high  electric  field.  The  material  forming  the  in- 

35  termediate  layer  is  not  necessarily  limited  to  the  above  described  elements  or  additives. 
For  the  purpose  of  changing  the  electric  field  strength  within  the  photoconductive  layer,  it  is  also  effective 

to  form  the  intermediate  layer  by  adding  sligntly  a  material  capable  of  modulating  the  conductivity  type  such 
as  an  element  of  III  or  V  family  to  an  amorphous  semiconductor  layer  composed  of  a  tetrahedral  material. 

The  present  inventors  further  studied  the  optical  carrier  generation  layer  and  found  that  two  materials  de- 
40  scribed  below  were  suitable. 

At  first,  it  is  now  assumed  that  the  first  group  comprises  Zn,  Cd,  Hg  and  Pb,  and  the  second  group  com- 
prises  O,  S,  Se  and  Te.  If  a  combination  of  at  least  one  element  selected  from  the  first  group  and  at  least  one 
element  selected  from  the  second  group  is  used  as  a  main  material  of  the  carrier  generation  layer,  high  pho- 
toelectric  conversion  efficiency  is  obtained  owing  to  the  carrier  generation  layer.  Since  it  is  possible  to  adjust 

45  the  optical  band  gap  width  and  control  the  spectral  sensitivity  by  changing  the  element  combination  and  com- 
position  ratio,  the  above  described  combination  is  extremely  excellent  as  the  material  of  the  above  described 
optical  carrier  generation  layer. 

As  the  material  of  the  optical  carrier  generation  layer,  a  material  mainly  comprising  at  least  one  out  of  ZnS, 
CdS,  ZnSe,  CdSe,  ZnTe,  CdTe,  HgCdTe,  PbO  and  PbS,  for  example,  is  desirable. 

so  Further,  the  target  using  CdSe,  CdS,  ZnCdTe,  CdTe  or  the  like  in  the  optical  carrier  generation  layer  is 
suitable  to  image  pick-up  in  the  visible  ray  region  and  the  near  infrared  ray  region.  The  target  using  PbS, 
HgCdTe  or  the  like  is  suitable  to  image  pick-up  in  the  infrared  ray  region.  Further,  the  target  using  PbO  or  the 
like  in  the  optical  carrier  generation  layer  is  suitable  to  the  X-ray  image. 

The  optical  carrier  generation  layer  can  be  formed  by  means  of  vacuum  evaporation  under  the  state  that 
55  the  underlying  substrate  is  heated  or  by  means  of  sputtering  under  the  presence  of  inert  gas  such  as  argon 

or  reactive  gas  containing  a  component  element.  Further,  it  is  possible  to  effect  heating  in  gas  atmosphere 
such  as  02,  S,  Se  or  Te  after  the  optical  carrier  generation  layer  has  been  formed. 

As  a  result  of  further  study,  the  present  inventors  has  found  that  it  is  possible  to  realize  an  image  pick-up 
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tube  having  extremely  high  sensitivity  which  has  been  improved  with  respect  to  the  problem  of  degradation 
in  efficiency  due  to  the  optical  carrier  recombination  within  the  above  described  amorphous  semiconductor 
layer,  by  replacing  the  layer  among  the  photoconductive  layer  which  absorbs  the  incident  light  and  generates 
a  greater  part  of  optical  carriers  with  an  amorphous  semiconductor  mainly  comprising  an  amorphous  tetrahed- 

5  ral  material  and  containing  at  least  one  of  F,  H  and  CI  and  by  combining  the  amorphous  semiconductor  with 
the  charge  multiplication  layer. 

A  greater  part  of  the  incident  light  is  absorbed  inside  the  optical  carrier  generation  layer  comprising  an 
amorphous  tetrahedral  material  and  generate  electron-hole  pairs.  When  an  amorphous  tetrahedral  material 
containing  halogen  such  as  fluorine  or  chlorine,  or  hydrogen  is  used,  high  photoelectric  conversion  efficiency 

10  is  obtained  because  the  internal  defect  can  be  kept  extremely  low.  Further,  it  is  possible  to  absorb  the  signal 
light  efficiently  with  thin  layer  thickness  because  the  optical  band  gap  width  can  be  adjusted  by  means  of  the 
layer  forming  condition,  the  concentration  of  halogen  or  hydrogen,  mixed  crystallization  with  a  plurality  of  tet- 
rahedral  materials,  or  the  like.  Above  all,  amorphous  silicon  containing  hydrogen  is  extremely  excellent  as  the 
material  of  the  above  described  optical  carrier  generation  layer,  because  the  absorption  factor  for  the  light  of 

15  the  visible  region  is  high  and  almost  all  of  photons  absorbed  in  the  layer  are  separated  into  free  electrons  and 
free  holes  unlike  amorphous  Se. 

In  this  case,  the  optical  carrier  generation  layer  can  be  formed  by  reactive  sputtering  on  a  tetrahedral  ma- 
terial  in  the  atmosphere  containing  halogen  such  as  fluorine  or  chlorine,  or  hydrogen,  or  resolution  of  gas  con- 
taining  hydride,  fluoride,  or  chloride  of  a  tetrahedral  element,  for  example. 

20  For  example,  amorphous  silicon  containing  hydrogen  can  be  formed  by  using  a  method  of  keeping  the  un- 
derlying  substrate  at  100  to  300°C  and  applying  reactive  sputtering  to  silicon  in  mixed  atmosphere  of  inert  gas 
and  hydrogen  of  by  using  a  method  of  resolving  gas  containing  silicon  such  as  monosilane  or  disilane  with 
energy  such  as  plasma  discharge,  light,  electromagnetic  wave  or  heat. 

Further,  it  is  also  possible  to  obtain  an  amorphous  silicon  germanium  compound  having  a  narrower  energy 
25  gap  than  amorphous  silicon  or  an  amorphous  silicon  carbon  compound  having  a  wider  energy  gap  than  amor- 

phous  silicon  by  sputtering  silicon,  germanium,  or  a  mixture  of  silicon  and  carbide  or  by  mixing  germane  con- 
taining  germanium,  methane  containing  carbon,  acetylene  or  the  like  with  monosilane  and  resolving  them.  It 
is  thus  possible  to  adjust  the  spectral  sensitivity  characteristics  of  an  image  pick-up  tube. 

In  the  same  way  as  the  foregoing  case,  the  present  invention  brings  about  a  more  significant  effect  by 
30  inserting  an  intermediate  layer  having  a  varied  energy  band  structure  or  varied  electric  field  between  the  amor- 

phous  silicon  layer  and  the  amorphous  semiconductor  layer  to  make  smooth  the  transfer  of  optical  carriers 
from  the  amorphous  silicon  layer  to  the  amorphous  semiconductor  layer. 

It  has  also  been  effective  to  use  as  the  intermediate  layer  a  layer  derived  by  adding  a  specific  material  to 
the  above  described  amorphous  semiconductor  layer  mainly  comprising  Se,  a  layer  controlled  in  band  gap  and 

35  space  charge  by  mixing  a  material  capable  of  modulating  the  conductivity  type  such  as  III  or  V  family  including 
germanium,  carbon,  nitrogen  or  tin  into  an  amorphous  tetrahedral  material,  or  a  combination  of  the  above  de- 
scribed  two  layers. 

As  a  result  of  study  of  the  characteristics  of  a  highly  sensitive  image  pick-up  tube  comprising  amorphous 
Se  photoconductive  layer,  the  present  inventors  found  that  an  image  remained  after  an  object  which  was  much 

40  brighter  than  usual  objects,  for  example,  an  object  which  was  ten  thousand  times  or  more  in  luminance  had 
been  photographed  by  the  above  described  highly  sensitive  image  pick-up  tube  operated  with  such  high  elec- 
tric  field  as  to  cause  charge  multiplication.  Hereafter,  this  phenomenon  if  referred  to  as  highlight  after  image 
(HAI). 

As  a  result  of  detailed  study  by  the  present  inventors,  it  was  found  that  the  above  described  HAI  depended 
45  upon  the  temperature  of  the  target  section.  It  was  also  found  that  the  above  described  phenomenon  could  be 

restrained  to  nearly  the  same  level  as  that  caused  when  the  Se  image  pick-up  tube  was  operated  under  usual 
electric  field  and  hence  no  problem  was  posed  in  practical  use  provided  that  the  temperature  of  the  target  sec- 
tion  was  kept  below  40°C.  Fig.  13  shows  its  effect. 

If  the  image  pick-up  tube  having  a  target  section  as  shown  in  Fig.  2  is  operated  while  keeping  the  temper- 
so  ature  of  the  target  section  low,  the  HAI  can  be  restrained  as  shown  in  Fig.  13.  If  the  temperature  of  the  target 

is  kept  below  about  40°C,  the  HAI  rapidly  disappears  and  a  favorable  image  can  be  obtained  as  evident  from 
Fig.  13.  Even  if  the  image  pick-up  tube  is  operated  with  the  target  temperature  below  about  40°C,  the  dark  cur- 
rent  extremely  advantageously  tends  to  reduce  without  hampering  the  charge  multiplication. 

If  it  is  attempted  to  apply  such  strong  electric  field  as  to  cause  charge  multiplication  inside  the  above  de- 
55  scribed  amorphous  Se  to  the  amorphous  Se,  there  is  a  fear  that  the  photoconductive  layer  is  destroyed  by  the 

electric  field  before  sufficient  charge  multiplication  effect  is  obtained  and  local  screen  defects  tend  to  occur. 
The  present  inventors  studied  in  further  detail  a  photoconductive  device  using  charge  multiplication  in  an 

amorphous  semiconductor  layer  mainly  comprising  the  above  described  amorphous  Se.  As  a  result,  it  was 
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found  that  the  above  described  problems  could  be  significantly  improved  by  using  a  metal  electode  comprising 
at  least  one  out  of  Cu,  Ag,  Au,  Al,  In,  Ti,  Ta,  Cr,  Mo,  Ni  and  Pt  as  the  electrode  on  the  substrate.  Further,  it  was 
found  that  more  significant  effects  could  be  obtained  by  inserting  a  single  layer  of  cerium  oxide  or  laminates 
comprising  oxide  of  at  least  one  out  of  Ge,  Zn,  Cd,  Al,  Si,  Nb,  Ta,  Crand  Wand  comprising  cerium  oxide  between 

5  the  metal  electrode  and  the  amorphous  Se  layer. 
In  case  of  a  device  structure  in  which  the  above  described  metal  electrode  is  a  transparent  electrode  and 

the  light  is  applied  from  the  substrate  side  to  the  photoconductive  layer,  the  gain  of  the  whole  photoconductive 
device  is  reduced  as  much  as  the  optical  transmittivity  is  lowered  due  to  the  use  of  the  semitransparent  metal 
electrode.  By  using  the  metal  electrode,  however,  the  photoconductive  device  can  be  operated  with  raised  elec- 

10  trie  field  applied.  It  has  thus  been  found  that  a  high  signal  current  enough  to  compensate  the  drop  in  gain  caused 
by  transmittivity  is  obtained. 

In  a  photoconductive  device  other  than  an  image  pick-up  tube  having  such  a  structure  that  the  light  is  ap- 
plied  to  the  device  from  the  side  opposite  to  the  substrate  as  well,  it  is  a  matter  of  course  that  this  metal  elec- 
trode  may  be  used.  In  this  case,  however,  a  transparent  electrode  made  of  oxide  or  the  like  can  be  used  as 

15  the  electrode  opposite  to  the  substrate.  It  is  thus  not  necessary  to  consider  the  drop  in  gain  of  the  whole  pho- 
toconductive  device  caused  by  the  optical  transmittivity  of  the  above  described  electrode  disposed  on  the  sub- 
strate.  The  requisite  is  that  the  electrode  of  the  substrate  side  is  formed  by  the  above  described  metal  material 
whether  the  optical  transmittivity  may  be  large  or  not.  Further,  the  metal  electrode  of  the  present  invention 
need  not  be  simply  a  uniform  electrode.  Depending  upon  the  application,  the  metal  electrode  may  have  any 

20  shape  such  as  comb,  rattan  blind  or  island. 
Fig.  14  shows  the  relation  between  the  probability  of  device  breakdown  and  the  applied  electric  field  of 

photoconductive  devices  (1)  and  (2)  when  electric  field  is  applied  to  them.  In  Fig.  12,  the  photoconductive  de- 
vice  (1)  comprises  transparent  glass  as  a  substrate  111,  a  semitransparent  Ta  thin  film  as  an  electrode  112, 
a  Ge02  thin  film  as  a  hole  injection  blocking  layer  113,  amorphous  Se  as  an  amorphous  semiconductor  layer 

25  114,  and  Au  as  a  pairing  electrode  118.  The  photoconductive  device  (2)  uses  a  transparent  conductive  layer 
mainly  comprising  Sn02  as  the  electrode  112.  Other  components  of  the  photoconductive  device  (2)  are  the 
same  as  those  of  the  photoconductive  device  (1).  It  is  evident  from  Fig.  14  that  the  photoconductive  device 
(1)  according  to  the  present  invention  using  a  metal  thin  film  as  the  electrode  can  be  operated  with  higher  elec- 
tric  field.  Accordingly,  it  is  understood  that  the  photoconductive  device  (1)  has  higher  sensitivity. 

30  Fig.  15  is  a  drawing  for  illustrating  the  effect  in  case  of  the  image  pick-up  tube  and  shows  the  relation  be- 
tween  the  probability  of  occurrence  of  white  spots  and  the  applied  electric  field  for  a  target  section  (1)  of  an 
image  pick-up  tube  and  a  target  section  (2)  of  an  image  pick-up  tube.  The  target  section  (I)  uses  a  semitrans- 
parent  Cr  metal  thin  film  as  the  electrode  2  of  Fig.  1  .  The  target  section  (2)  uses  a  transparent  conductive  film 
mainly  comprising  ln203  as  the  electrode  2  of  Fig.  1  .  In  this  case  as  well,  the  target  section  of  the  present  in- 

35  vention  can  be  operated  with  higher  electric  field  while  restraining  the  screen  defects.  Accordingly,  it  is  under- 
stood  that  the  image  pick-up  tube  of  the  present  invention  has  higher  sensitivity. 

By  using  a  metal  electrode  as  the  electrode  on  the  substrate,  it  is  thus  possible  to  realize  a  photoconductive 
device  capable  of  undergoing  higher  electric  field  and  having  a  higher  signal  amplification  factor. 

The  photoconductive  device  according  to  the  present  invention  has  heretofore  been  described  together 
40  with  various  modes  mainly  by  taking  the  image  pick-up  as  examples.  However,  it  is  a  matter  of  course  that  the 

present  invention  can  be  embodied  under  a  combination  of  the  above  described  modes.  As  already  described, 
the  present  invention  can  be  embodied  as  photoconductive  devices  of  photocells,  solid-state  image  pick-up 
devices  such  as  one  or  two  dimensional  image  sensors,  or  the  like.  Further,  it  is  a  matter  of  course  that  those 
photoconductive  devices  can  be  operated  by  an  operation  method  of  photoconductive  devices  according  to 

45  the  present  invention. 
Fig.  11  shows  an  example  of  configuration  of  a  monochrome  camera  using  a  photoconductive  device  ac- 

cording  to  the  present  invention.  As  shown  in  Fig.  11,  the  camera  comprises  an  optical  system  101  for  forming 
the  optical  image,  a  coil  assembly  102  including  a  coil  for  deflecting  and  focusing  the  electron  beam  and  an 
image  pick-up  tube,  a  circuit  section  103  for  forming  a  TV  signal  current  supplied  from  the  coil  assembly  and 

so  converting  the  TV  signal  current  into  a  TV  signal  conforming  to  predetermined  standards  for  processing,  a  cir- 
cuit  section  1  04  for  generating  synchronization  signals  and  including  a  deflection  and  amplification  circuit  for 
deflecting  the  electron  beam,  and  a  power  source  section  105. 

In  case  of  a  three-tube  color  camera,  the  circuit  of  Fig.  11  is  disposed  for  each  of  three  colors  R,  G  and  B 
to  form  a  parallel  circuit,  and  a  circuit  section  for  processing  the  chrominance  is  added  as  well  known.  By  ap- 

55  plying  the  present  invention  to  cameras  having  basic  configuration  as  shown  in  Fig.  11,  it  is  possible  to  not 
only  realize  TV  images  of  high  precision  but  also  develop  wide  variety  of  new  TV  media. 

The  photoconductive  device  according  to  the  present  invention  and  its  operation  method  will  now  be  de- 
scribed  in  detail  by  referring  to  some  concrete  examples. 

11 
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Examples  1  to  45  show  examples  where  the  present  invention  is  applied  to  image  pick-up  tubes.  The  struc- 
ture  of  the  image  pick-up  tube  has  already  been  shown  in  Fig.  1. 

EXAMPLE  1 
5 

A  semi  transparent  Ta  electrode  having  layer  thickness  of  0.01  um  is  formed  on  a  glass  substrate  by  the 
sputtering  technique.  Thereon  Ce02  is  deposited  to  have  thickness  of  0.03  um  as  the  hole  injection  blocking 
layer  by  the  evaporation  technique.  Thereon  amorphous  Se  is  formed  to  have  thickness  of  0.5  to  6  um  by  the 
evaporation  technique.  Further  thereon,  Sb2S3  is  resistance-  heated  and  evaporated  in  inert  gas  atmosphere 

10  of  26.7  Pa  (2  x  10~1  Torr)  to  have  thickness  of  0.1  um  as  the  electron  injection  blocking  layer.  A  photoconductive 
target  of  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained.  This  target  is  incorporated  into 
a  casing  of  image  pick-up  tube  containing  an  electron  gun  therein,  resulting  in  a  photoconductive  image  pick- 
up  tube. 

The  photoconductive  devices  of  example  1  ,  is  operated  in  electric  field  not  less  than  8  x  1  07  V/m.  For  ex- 
15  ample,  high  sensitivity  with  gain  not  less  than  10  is  attained  in  the  electric  field  of  1.3  x  108  V/m. 

EXAMPLE  2 

A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
20  electrode,  amorphous  Se  is  vacuum-evaporated  to  form  an  amorphous  semiconductor  layer  having  thickness 

of  0.1  to  6  um.  On  the  amorphous  Se,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa  (2  x  10~1 
Torr)  to  have  thickness  of  0.1  um  (1  ,000  A)  as  the  electron  injection  blocking  layer.  The  target  section  of  a  pho- 
toconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

25  EXAMPLE  3 

On  a  glass  substrate,  a  transparent  electrode  mainly  comprising  indium  oxide  is  formed.  On  this  transpar- 
ent  electrode,  an  amorphous  semiconductor  layer  comprising  Se  and  As  or  Se  and  Ge  and  having  thickness 
of  0.1  to  6  um  is  formed  by  the  vacuum  evaporation  technique.  When  the  layer  is  formed,  Se  and  As2Se3  or 

30  Se  and  Ge  are  simultaneously  evaporated  on  the  substrate  respectively  different  from  boats  so  that  the  con- 
centration  of  As  or  Ge  will  be  2  weight  %  on  the  average.  On  that  layer,  Sb2S3  is  evaporated  in  the  inert  gas 
atmosphere  of  13.3  Pa  (1  x  10~1  Torr)  to  have  thickness  of  80  nm  (800  A)  as  the  electron  injection  blocking 
layer.  The  target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  ob- 
tained. 

35 
EXAMPLE  4 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  Thereon,  an  amor- 
phous  semiconductor  layer  comprising  Se,  As  and  Ge  and  having  layer  thickness  of  0.5  to  6  um  is  formed. 

40  When  the  layer  is  formed,  Se,  As2Se3  and  GeSe  are  simultaneously  evaporated  onto  the  substrate  respectively 
from  different  boats  so  that  the  total  amount  of  As  and  Se  will  become  3  weight  %  on  the  average.  Further 
thereon,  Sb2S3  is  evaporated  in  the  ineart  gas  atmosphere  of  26.7  Pa  (2  x  1  0~1  Torr)  to  have  thickness  of  80 
nm  (800  A)  as  the  electron  injection  blocking  layer.  As  a  result,  the  target  section  of  a  photoconductive  image 
pick-up  tube  having  a  blocking  type  structure  is  obtained. 

45  The  target  section  of  the  image  pick-up  tube  derived  by  the  above  described  EXAMPLE  2,  3  and  4  is  in- 
corporated  into  a  casing  of  the  image  pick-up  tube  containing  an  electron  gun,  resulting  in  a  photoconductive 
image  pick-up  tube.  When  the  resultant  image  pick-up  tube  is  operated  in  the  target  electric  field  not  less  than 
8  x  107  V/m,  the  signal  is  amplified  within  the  amorphous  semiconductor  layer.  When  the  electric  field  has  a 
value  of  1.2  x  108  V/m,  for  example,  the  output  is  obtained  with  a  gain  close  to  10. 

so  in  the  above  described  EXAMPLE  2,  3  and  4,  a  vacuum-evaporated  layer  of  cerium  oxide  having  thickness 
of  30  nm  (300  A),  for  example,  may  be  inserted  between  the  transparent  electrode  and  the  amorphous  sem- 
iconductor  layer  as  an  auxiliary  rectifying  contact  layer.  In  this  case,  the  function  of  blocking  injection  of  holes 
from  the  transparent  electrode  is  enhanced.  Accordingly,  operation  in  higher  electric  field  strength  becomes 
possible  and  the  sensitivity  with  charge  multiplication  factor  not  lower  than  10  is  obtained. 

55 
EXAMPLE  5 

A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
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electrode,  an  amorphous  Se  layer  is  evaporated  to  form  an  amorphous  semiconductor  layer  having  thickness 
of  1  to  3  nm  by  the  evaporation  technique.  On  the  amorphous  semiconductor  layer,  Sb2S3  is  evaporated  in  the 
inert  gas  atmosphere  of  26.7  Pa  (2  x  1  CH)  Torr  to  have  thickness  of  0.1  um  as  the  electron  injection  blocking 
layer.  The  target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  ob- 

5  tained. 

EXAMPLE  6 

A  transparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
10  electrode,  Ce02  is  evaporated  to  have  thickness  of  0.03  um.  Further  thereon,  an  amorphous  Se  layer  having 

layer  thickness  of  0.5  to  2  um  is  formed  by  the  vacuum  evaporation  technique,  resulting  in  an  amorphous  sem- 
iconductor  layer.  On  the  amorphous  semiconductor  layer,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of 
13.3  Pa  (1  x  10"1  Torr)  to  have  thickness  of  0.1  um  as  the  electron  injection  blocking  layer.  The  target  section 
of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

15 
EXAMPLE  7 

A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
electrode,  Ge02  and  Ce02  are  successively  evaporated  to  have  thickness  of  0.015  um  respectively.  Further 

20  thereon,  an  amorphous  Se  layer  having  thickness  of  0.02  to  0.06  um  is  also  formed  by  using  the  vacuum  evap- 
oration  technique.  Succeedingly,  Se  and  LiF  are  evaporated  from  respective  boats  to  form  an  amorphous  layer 
having  thickness  of  0.02  to  0.06  um.  At  this  time,  the  concentration  of  LiF  is  defined  to  be  4,000  weight  ppm 
and  distributed  uniformly  in  the  layer  thickness  direction.  Further  thereon,  an  amorphous  Se  layer  is  so  formed 
by  the  vacuum  evaporation  method  that  the  total  layer  thickness  will  be  1  to  8  um.  On  the  amorphous  Se  layer 

25  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa  (2  x  1  0~1)  Torr  to  have  thickness  of  0.1  um  as  the 
electron  injection  blocking  layer.  The  target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking 
type  structure  is  thus  obtained. 

EXAMPLE  8 
30 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  that  transparent 
electrode,  Ce02  is  evaporated  to  have  thickness  of  0.03  um.  Further  thereon,  an  amorphous  semiconductor 
layer  comprising  Se,  As  and  LiF  and  having  layer  thickness  of  0.02  to  0.04  um  is  formed  by  the  vacuum  evap- 
oration  technique.  When  the  layer  is  formed,  Se,  As2Se3  and  LiF  are  simultaneously  so  evaporated  from  re- 

35  spective  different  boats  that  the  concentration  of  As  will  be  3  to  6  weight  %  and  the  concentration  of  LiF  will 
be  3,000  to  6,000  weight  ppm  on  the  average.  Further  thereon,  an  amorphous  semiconductor  layer  comprising 
Se,  As  and  LiF  and  having  layer  thickness  of  0.03  to  0.045  um  is  formed  by  the  vacuum  evaporation  technique. 
At  this  time,  the  concentration  of  As  is  defined  to  be  2  to  5  weight  %  and  the  concentration  of  Li  is  defined  to 
be  15,000  weight  ppm  on  the  average.  Further  thereon,  an  amorphous  semiconductor  layer  comprising  Se  and 

40  As  is  so  formed  by  the  vacuum  evaporation  technique  that  the  total  layer  thickness  will  be  1  to  4  um.  At  this 
time,  the  concentration  of  As  is  defined  to  be  1  to  3  weight  %.  Further  thereon,  Sb2S3  is  evaporated  in  the  inert 
gas  atmosphere  of  13.3  Pa  (1  x  10~1  Torr)  to  have  thickness  of  0.1  um  as  the  electron  injection  blocking  layer. 
The  target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

45  EXAMPLE  9 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  that  transparent 
electrode,  an  amorphous  semiconductor  layer  comprising  Se  and  LiF  and  having  layer  thickness  of  0.02  to  0.03 
nm  is  formed  by  the  vacuum  evaporation  technique.  When  the  layer  is  formed,  Se  and  LiF  are  simultaneously 

so  so  evaporated  from  respective  different  boats  that  the  concentration  of  LiF  will  be  2,000  weight  ppm  on  the 
average.  Further  thereon,  an  amorphous  semiconductor  layer  comprising  Se  and  LiF  and  having  layer  thick- 
ness  of  0.03  to  0.04  nm  is  formed  by  the  vacuum  evaporation  technique.  The  concentration  of  LiF  at  this  time 
is  made  to  be  8,000  to  15,000  weight  ppm  on  the  average.  Further,  Se  and  Te  are  evaporated  from  respective 
different  boats  to  form  an  amorphous  semiconductor  layer  having  layer  thickness  of  0.02  to  0.04  nm.  At  this 

55  time,  the  concentration  of  Te  is  defined  to  be  5  to  1  5  weight  %.  Succeedingly,  such  an  amorphous  Se  layer  is 
so  formed  by  the  vacuum  evaporation  technique  that  the  total  layer  thickness  will  be  1  to4nm-  Further  thereon, 
Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa  (2  x  1  0~1  Torr)  to  have  thickness  of  0.08  nm  as  the 
electron  injection  blocking  layer.  The  target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking 
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type  structure  is  thus  obtained. 
The  target  section  of  an  image  pick-up  tube  derived  by  the  examples  5,  6,  7,  8  and  9  is  incorporated  into 

the  casing  of  the  image  pick-up  tube  containing  an  electron  gun  therein,  resulting  in  a  photoconductive  image 
pick-up  tube.  When  the  resultant  image  pick-up  tube  is  operated  in  the  electric  field  not  less  than  7x  107  V/m, 

5  the  signal  is  amplified  within  the  amorphous  photoconductive  layer.  When  the  electric  field  has  a  value  of  1  .2 
x  1  08  V/m  for  a  target  having  layer  thickness  of  2  um,  for  example,  the  output  has  been  obtained  with  a  gain 
larger  than  10. 

EXAMPLE  10 
10 

A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
electrode,  Se  and  Te  are  vacuum-deposited  from  respective  different  boats  to  have  thickness  of  1  to  2  um.  At 
this  time,  the  concentration  of  Te  is  defined  to  be  0.01  weight  %  and  distributed  uniformly  in  the  layer  thickness 
direction.  On  this  amorphous  semiconductor  layer  mainly  comprising  Se,  Sb2S3  is  evaporated  in  the  inert  gas 

15  atmosphere  of  26.7  Pa  (2  x  10~1  Torr)  to  have  thickness  of  0.1  um  as  the  electron  injection  blocking  layer.  The 
target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

EXAMPLE  11 

20  A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
electrode,  Se  and  Te  are  vacuum-evaporated  from  respective  different  boats  to  have  thickness  of  1  to  3  um. 
The  concentration  of  Te  is  defined  to  be  0  weight  %  at  the  start  of  evaporation  and  gradually  increased  with 
the  advance  of  evaporation  so  that  the  average  concentration  of  the  whole  layer  will  be  0.1  weight  %.  On  this 
photoconductive  layer,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa  (2x  10~1  Torr)  to  have  thick- 

25  ness  of  0.1  um.  The  target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure 
is  thus  obtained. 

EXAMPLE  12 

30  Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
electrode,  a  layer  comprising  Se  and  As,  or  Se  and  Ge  and  having  layer  thickness  of  0.01  to  1  um  is  formed 
by  the  vacuum  evaporation  technique.  When  the  layer  is  formed,  Se  and  As2Se3,  or  Se  and  Ge  are  simulta- 
neously  evaporated  from  respective  boats  and  deposited  so  that  the  concentration  of  As  or  Ge  will  be  3  weight 
%  on  the  average.  Subsequently,  a  layer  comprising  Se  and  Te  orSb,  and  As  orGe  and  having  layer  thickness 

35  of  0.01  to  0.06  nm  is  formed  by  the  vacuum  evaporation  technique.  When  the  layer  is  formed,  Se,  Te  or  Sb, 
and  As2Se3  or  Ge  are  simultaneously  evaporated  from  respective  boats  and  deposited  so  that  concentration 
of  Te  or  Sb  will  be  10  to  15  weight  %  on  the  average  and  the  concentration  of  As  or  Ge  will  be  2  weight  %  on 
the  average.  Further,  a  layer  comprising  Se  and  As,  or  Se  and  Ge  is  so  formed  by  the  vacuum  evaporation 
technique  that  the  thickness  of  the  whole  layer  will  be  2  to  3  nm.  When  the  layer  is  formed,  Se  and  As2Se3,  or 

40  Se  and  Ge  are  simultaneously  evaporated  from  respective  different  boats  and  deposited  so  that  the  concen- 
tration  of  As  or  Ge  will  be  2  weight  %  on  the  average.  Further  thereon,  Sb2S3  is  evaporated  in  the  inert  gas 
atmosphere  of  1  3.3  Pa  (1  x  1  0~1  Torr)  to  have  thickness  of  0.08  nm  as  the  electron  charge  blocking  layer.  The 
target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

45  EXAMPLE  13 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  the  transparent 
electrode,  a  layer  comprising  Se,  As  and  Ge  and  having  layer  thickness  of  0.5  to  1  nm  is  formed.  When  the 
layer  is  formed,  Se,  As2Se3  and  Ge  are  simultaneously  evaporated  from  respective  different  boats  and  depos- 

50  ited  so  that  the  total  concentration  of  As  and  Ge  will  be  3  weight  %  on  the  average.  This  is  referred  to  as  the 
first  layer.  Subsequently  on  the  first  layer,  a  layer  comprising  Se,  As  and  at  least  one  out  of  Te,  Sb,  Cd  and  Bi 
and  having  layer  thickness  of  0.01  to  0.06  nm  is  formed  as  the  second  layer  by  the  vacuum  evaporation  tech- 
nique.  When  the  layer  is  formed,  Se,  As2Se3,  and  at  least  one  out  of  Te,  Sb,  Cd  and  Bi,  are  simultaneously 
evaporated  from  respective  different  boats  and  deposited.  The  concentration  of  Te,  Sb,  Cd  and  Bi  within  the 

55  second  layer  is  varied  in  the  layer  thickness  direction.  The  concentration  of  the  second  layer  at  the  start  of 
evaporation  is  defined  to  be  0  weight  %  and  gradually  increased  with  the  advance  of  evaporation.  The  con- 
centration  at  the  intermediate  time  of  the  evaporation  of  the  second  layer  is  made  to  assume  the  maximum 
value.  Thereafter,  the  concentration  gradually  decreases.  When  the  evaporation  of  the  second  layer  is  finished, 
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the  concentration  assumes  the  value  of  0  weight  %  again.  At  this  time,  the  concentration  of  As  within  the  second 
layer  is  made  to  be  2  weight  %  on  the  average.  And  the  total  concentration  of  one  or  more  out  of  Te,  Sb,  Cd 
and  Bi  is  made  to  be  15  to  45  weight  %  on  the  average  of  the  second  layer.  Evaporation  of  the  second  layer 
is  thus  finished.  On  the  second  layer,  a  layer  comprising  Se  and  As,  or  Se  and  Ge  is  formed  as  the  third  layer 

5  by  the  vacuum  evaporation  technique  so  that  the  thickness  of  the  whole  layer  will  be  2  to  3  um.  When  the  layer 
is  formed,  Se  and  As2Se3  or  Ge  are  simultaneously  evaporated  from  respective  different  boats  and  deposited 
so  that  the  concentration  of  As  or  Ge  will  be  2  weight  %  on  the  average.  Further  thereon,  Sb2S3  is  evaporated 
in  the  inert  gas  atmosphere  of  26.7  Pa  (2  x  1Ch1  Torr)  to  have  thickness  of  0.08  um  as  the  electron  injection 
blocking  layer.  The  target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure 

10  is  thus  obtained. 
The  target  section  of  an  image  pick-up  tube  derived  by  the  above  described  examples  10,  11,  12  and  13 

is  incorporated  into  the  casing  of  the  image  pick-up  tube  containing  an  electron  gun  therein,  resulting  in  a  pho- 
toconductive  image  pick-up  tube.  When  the  resultant  image  pick-up  tube  is  operated  in  the  target  electric  field 
not  less  than  8x  107  V/m,  the  signal  is  amplified  in  the  amorphous  semiconductor  layer.  When  the  target  electric 

15  field  has  a  value  of  1.2  x  108  V/m,  for  example,  the  output  with  quantum  efficiency  not  less  than  10  is  obtained. 
In  the  above  described  examples  10,  11,  12  and  13,  it  is  also  possible  to  insert  a  vacuum  evaporation  layer 

comprising  cerium  and  having  layer  thickness  of  0.03  um,  for  example,  as  the  auxiliary  rectifying  contact  layer 
between  the  transparent  electrode  and  the  amorphous  semiconductor  layer.  In  this  case,  the  function  of  block- 
ing  injection  of  holes  from  the  transparent  electrode  is  enhanced.  Accordingly,  operation  in  higher  electric  field 

20  becomes  possible  and  higher  sensitivity  can  be  realized. 

EXAMPLE  14 

A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
25  electrode,  Se  and  LiF  are  evaporated  from  respective  different  boats  and  vacuum-deposited  to  have  thickness 

of  1  to  6  nm.  At  this  time,  the  concentration  of  LiF  is  defined  to  be  500  weight  ppm  and  distributed  uniformly 
in  the  layer  thickness  direction.  Further  thereon,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa 
(2  x  10"1  Torr)  to  have  thickness  of  0.1  nm  as  the  electron  injection  blocking  layer.  The  target  section  of  a  pho- 
toconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

30 
EXAMPLE  15 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
electrode,  a  layer  comprising  Se  and  CaF2  and  having  layer  thickness  of  0.01  to  0.045  nm  is  formed  by  the 

35  vacuum  evaporation  technique.  When  the  layer  is  formed,  Se  and  CaF2  are  simultaneously  evaporated  from 
respectaive  different  boats  and  deposited  onto  the  substrate  so  that  the  concentration  of  CaF2  will  be  3,000 
weight  ppm  on  the  average.  Further  thereon,  Se  is  evaporated  so  that  the  thickness  of  whole  layer  will  be  1 
to  6  nm.  Further  thereon,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  13.3  Pa  (1  x  10~1  Torr)  to  have 
thickness  of  0.1  nm  as  the  electron  injection  blocking  layer.  The  target  section  of  a  photoconductive  image 

40  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

EXAMPLE  16 

A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  electrode.  On  this  transparent 
45  electrode,  Se  is  vapor-deposited  to  have  thickness  of  0.02  to  0.06  nm.  Subsequently,  Se  and  KF  are  evaporated 

from  respective  different  boats  and  vacuum-deposited  to  have  thickness  of  0.02  to  0.06  nm.  At  this  time,  the 
concentration  of  KF  is  defined  to  be  500  weight  ppm  and  distributed  uniformly  in  the  layer  thickness  direction. 
Further  thereon,  a  Se  layer  is  formed  by  using  the  vacuum  evaporation  technique  so  that  the  thickness  of  the 
whole  layer  will  be  1  to  3  nm.  On  the  Se  layer,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa  (2 

so  x  10"1  Torr)  to  have  thickness  of  0.1  nm  as  the  electron  injection  blocking  layer.  The  target  section  of  a  photo- 
conductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

EXAMPLE  17 

55  Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
electrode,  a  layer  comprising  Se,  As  and  LiF  and  having  thickness  of  0.01  to  0.045  nm  is  formed  by  the  vacuum 
evaporation  technique.  When  the  layer  is  formed,  Se,  As2Se3  and  LiF  are  simultaneously  evaporated  from  re- 
spective  different  boats  and  vapor-deposited  so  that  the  concentration  of  As  will  be  3  to  6  weight  %  and  the 
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concentration  of  LiF  will  be  2,000  to  6,000  weight  ppm  on  the  average.  Further  thereon,  a  layer  comprising 
Se,  As  and  LiF  and  having  thickness  of  0.03  to  0.045  um  is  formed  by  using  the  vacuum  evaporation  technique. 
At  this  time,  the  concentration  of  As  is  defined  to  be  2  to  3.5  weight  %  and  the  concentration  of  LiF  is  defined 
to  be  10,000  weight  ppm  on  the  average.  Further  thereon,  Se  and  As  are  vacuum-evaporated  so  that  the  thick- 

5  ness  of  the  whole  layer  will  be  1  to  4  um.  At  this  time,  the  concentration  of  As  is  defined  to  be  1  to  3  weight 
%.  Further  thereon,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  1  3.3  Pa  (1  x  1  0~1  Torr)  to  have  thickness 
of  0.1  nm  as  the  electron  injection  blocking  layer.  The  target  section  of  a  photoconductive  image  pick-up  tube 
having  a  blocking  type  structure  is  thus  obtained. 

10  EXAMPLE  18 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  that  transparent 
electrode,  a  layer  comprising  Se  and  LiF  and  having  layer  thickness  of  0.01  to  0.015  nm  is  formed  by  the  va- 
cuum  evaporation  technique.  When  the  layer  is  formed,  Se  and  LiF  are  simultaneously  evaporated  from  re- 

15  spective  different  boats  and  vapor-deposited  so  that  the  concentration  of  LiF  will  be  3,000  weight  ppm  on  the 
average.  Further  thereon,  a  layer  comprising  Se  and  LiF  and  having  layer  thickness  of  0.03  to  0.045  nm  is 
formed  by  using  the  vacuum  evaporation  technique.  The  concentration  of  LiF  at  this  time  is  defined  to  be  8,000 
to  15,000  weight  ppm  on  the  average.  Further,  Se  and  Te  are  evaporated  from  respective  different  boats  to 
form  a  layer  having  layer  thickness  of  0.02  to  0.05  nm.  At  this  time,  the  concentration  of  Te  is  defined  to  be  5 

20  to  15  weight  %.  Succeedingly,  Se  is  evaporated  so  that  the  thickness  of  the  whole  layer  will  be  1  to4nm.  Further 
thereon,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa  (2  x  1  0~1  Torr)  to  have  thickness  of  0.08 
nm  as  the  electron  injection  blocking  layer.  The  target  section  of  a  photoconductive  image  pick-up  tube  having 
a  blocking  type  structure  is  thus  obtained. 

The  target  of  the  image  pick-up  tube  derived  by  the  above  described  examples  14,  15,  16,  17  and  18  is 
25  incorporated  into  the  casing  of  the  image  pick-up  tube  containing  an  electron  gun  therein,  resulting  in  a  pho- 

toconductive  image  pick-up  tube.  When  the  resultant  image  pick-up  tube  is  operated  in  the  electric  field  not 
less  than  8  x  107  V/m,  the  signal  is  amplified  in  the  amorphous  photoconductive  layer.  When  the  electric  field 
has  a  value  of  1.2  x  108  V/m,  for  example,  the  output  with  the  quantum  efficiency  not  less  than  10  has  been 
obtained. 

30  In  the  examples  14,  15  16  17  and  18,  it  is  also  possible  to  insert  a  vacuum-evaporated  layer  comprising 
cerium  oxide  and  having  layer  thickness  of  0.03  nm,  for  example,  as  the  auxiliary  rectifying  function  layer  be- 
tween  the  transparent  electrode  and  the  amorphous  semiconductor  layer.  In  this  case,  the  function  of  blocking 
injection  of  holes  from  the  transparent  electrode  is  further  enhanced,  resulting  in  operation  in  higher  electric 
field  and  higher  sensitivity. 

35 
EXAMPLE  19 

A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  electrode.  On  this  transparent 
electrode,  an  amorphous  Se  semiconductor  layer  is  formed  by  using  the  vacuum  evaporation  technique. 

40  Further  thereon,  Se  and  Se02  are  evaporated  from  respective  different  boats  and  vacuum-deposited  to 
have  thickness  of  0.02  to  0.06  nm.  At  this  time,  the  concentration  of  Se02  is  defined  to  be  2,500  ppm  and  dis- 
tributed  uniformly  in  the  layer  thickness  direction.  Further  thereon,  Se  is  evaporated  to  have  thickness  of  0.05 
to  0.06  nm  so  that  the  entire  layer  thickness  of  the  above  described  amorphous  semiconductor  layer  mainly 
comprising  Se  will  be  1  to  6  nm.  Further  thereon,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa 

45  (2  x  10"1  Torr)  to  have  thickness  of  0.1  nm  as  the  electron  injection  blocking  layer.  The  target  section  of  a  pho- 
toconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

EXAMPLE  20 

so  A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
electrode,  an  amorphous  Se  semiconductor  layer  is  formed  by  using  the  vacuum  evaporation  technique.  Fur- 
ther  thereon,  As2Se3  and  GaF3  are  evaporated  from  respective  different  boats  and  vacuum-deposited  to  have 
thickness  of  0.03  to  0.06  nm.  At  this  time,  the  concentration  of  GaF3  is  defined  to  be  2,000  ppm  and  distributed 
uniformly  in  the  layer  thickness  direction.  The  thickness  of  the  entire  amorphous  semiconductor  layer  is  made 

55  to  have  a  value  of  1  to  6  nm.  Further  thereon,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa  (2 
x  10"1  Torr)  to  have  thickness  of  0.1  nm  as  the  electron  injection  blocking  layer.  The  target  section  of  a  photo- 
conductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 
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EXAMPLE  21 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
electrode,  a  layer  comprising  Se  and  CaF2  and  having  layer  thickness  of  0.01  to  0.05  um  is  formed  by  using 

5  the  vacuum  evaporation  technique.  When  the  layer  is  formed,  Se  and  CaF2  are  simultaneously  evaporated 
from  respective  different  boats  and  vapor-deposited  so  that  the  concentration  of  CaF2  will  be  6,000  ppm  on 
the  average.  Further  thereon,  an  amorphous  Se  layer  is  formed  by  the  vacuum  evaporation  technique.  Suc- 
ceedingly,  As2Se3  is  evaporated  from  a  boat  and  vacuum  deposited  to  have  thickness  of  0.03  to  0.06  um.  Fur- 
therthereon,  Se  and  GaF3  are  evaporated  from  respective  different  boats  and  vacuum-deposited  to  have  thick- 

10  ness  of  0.02  to  0.06  um.  At  this  time,  the  concentration  of  GaF3  is  defined  to  be  4,000  ppm  and  distributed 
uniformly  in  the  layer  thickness  direction.  The  thickness  of  the  whole  amorphous  semiconductor  layer  mainly 
comprising  Se  is  made  to  be  1  to  6  um.  Further  thereon,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of 
1  3.3  Pa  (1  x  1  0"1  Torr)  to  have  thickness  of  0.08  um  as  the  electron  injection  blocking  layer.  The  target  section 
of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

15 
EXAMPLE  22 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
electrode,  a  layer  comprising  Se,  As  and  LiF  and  having  layer  thickness  of  0.01  to  0.06  um  is  formed  by  the 

20  vacuum  evaporation  technique.  When  the  layer  is  formed,  Se,  As2Se3  and  LiF  are  simultaneously  evaporated 
from  respective  different  boats  and  deposited  so  that  the  concentration  of  As  will  be  3  to  6  weight  %  and  the 
concentration  of  LiF  will  be  3,000  to  6,000  ppm  on  the  average.  Further  thereon,  a  layer  comprising  Se,  As 
and  LiF  and  having  layer  thickness  of  0.03  to  0.05  um  is  formed  by  the  vacuum  evaporation  technique.  The 
concentration  of  As  at  this  time  is  defined  to  be  2  to  3.5  weight  %  and  the  concentration  of  LiF  is  defined  to 

25  be  15,000  ppm  on  the  average.  Further  thereon,  Seand  As2Se3  are  simultaneously  evaporated  from  respective 
different  boats  to  form  an  amorphous  semiconductor  layer  having  As  concentration  of  1  to  3  weight  %.  Further 
thereon,  As2Se3  and  ln203  are  evaporated  from  respective  different  boats  and  vacuum-deposited  to  have  thick- 
ness  of  0.01  to  0.1  nm.  At  this  time,  the  concentration  of  ln203  is  defined  to  be  700  ppm  and  distributed  uni- 
formly  in  the  layer  thickness  direction.  Further  thereon,  Se  and  As2Se3  are  simultaneously  evaporated  from 

30  respective  different  boats  and  vapor-deposited  to  have  thickness  of  0.01  to  0.06  nm.  The  concentration  of  As 
at  this  time  is  defined  to  be  1  to  3  weight  %.  The  layer  thickness  of  the  whole  amorphous  semiconductor  layer 
mainly  comprising  Se  is  defined  to  be  1  to  6  nm.  Further  thereon,  Sb2S3  is  evaporated  in  the  inert  gas  atmos- 
phere  of  13.3  Pa  (1  x  10"1  Torr)  to  have  thickness  of  0.08  nm.  The  target  section  of  a  photoconductive  image 
pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

35 
EXAMPLE  23 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  the  transparent 
electrode,  a  layer  comprising  Seand  LiF  and  having  layer  thickness  of  0.03  to  0.06  nm  is  formed  by  the  vacuum 

40  evaporation  technique.  When  the  layer  is  formed,  Se  and  LiF  are  simultaneously  evaporated  from  respective 
different  boats  and  deposited  so  that  the  concentration  of  LiF  will  be  4,000  ppm  on  the  average.  Further  there- 
on,  a  layer  comprising  Se  and  LiF  and  having  layer  thickness  of  0.03  to  0.05  nm  is  formed  by  us-ing  the  vacuum 
evaporation  technique.  The  concentration  of  LiF  at  this  time  is  defined  to  be  8,000  to  10,000  ppm  on  the  aver- 
age.  Further,  Se  and  Te  are  evaporated  from  respective  different  boats  to  form  a  layer  having  layer  thickness 

45  of  0.02  to  0.06  nm.  At  this  time,  the  concentration  of  Te  is  defined  to  be  5  to  15  weight  %.  Further  thereon,  an 
amorphous  Se  layer  is  formed  by  using  the  vacuum  evaporation  technique.  Further  thereon,  As2Se3  and  ln203 
are  evaporated  from  respective  different  boats  and  vacuum-deposited  to  have  thickness  of  0.03  to  0.09  nm. 
At  this  time,  the  concentration  of  ln203  is  defined  to  be  500  ppm  and  distributed  uniformly  in  the  layer  thickness 
direction.  Subsequently,  Se  and  ln203  are  evaporated  from  respective  different  boats  and  vacuum-deposited 

so  to  have  thickness  of  0.02  to  0.2  nm.  At  this  time,  the  concentration  of  ln203  is  defined  to  be  1,000  ppm  and 
distributed  uniformly  in  the  layer  thickness  direction.  The  thickness  of  the  whole  amorphous  semiconductor 
layer  mainly  comprising  Se  is  defined  to  be  1  to  6  nm.  Further  thereon,  Sb2S3  is  evaporated  in  the  inert  gas 
atmosphere  of  26.7  Pa  (2  x  10~1  Torr)  to  have  thickness  of  0.1  nm  as  the  electron  injection  blocking  layer.  The 
target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

55  The  target  of  the  image  pick-up  tube  derived  by  the  example  19,  20,  21,  22  or  23  is  incorporated  into  the 
casing  of  the  image  pick-up  tube  containing  an  electron  gun,  resulting  in  a  photoconductive  image  pick-up  tube. 
When  the  resultant  image  pick-up  tube  is  operated  in  electric  field  not  less  than  8  x  107  V/m,  the  signal  is  am- 
plified  in  the  amorphous  semiconductor  layer.  When  the  electric  field  has  a  value  of  1  .2  x  1  08  V/m,  for  example, 
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the  output  with  the  quantum  efficiency  not  less  than  10  is  obtained. 
In  the  examples  19,  20,  21  ,  22  and  23,  it  is  also  possible  to  insert  a  vacuum-evaporated  layer  comprising 

cerium  oxide  and  having  layer  thickness  of  0.03  um,  for  example,  as  the  auxiliary  rectifying  function  layer  be- 
tween  the  transparent  electrode  and  the  amorphous  semiconductor  layer.  In  this  case,  the  function  of  blocking 

5  injection  of  holes  from  the  transparent  electrode  is  further  enhanced.  Accordingly,  operation  in  higher  electric 
field  becomes  possible,  and  the  charge  multiplication  factor  can  be  further  increased. 

EXAMPLE  24 

10  Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  the  transparent 
electrode,  an  amorphous  semiconductor  of  chalcogenide  family,  an  amorphous  semiconductor  of  tetrahedral 
family,  a  compound  semiconductor  of  lll-V  family,  or  a  compound  semiconductor  of  ll-VI  family  is  formed  as 
the  optical  carrier  generation  layer  having  layer  thickness  of  0.01  to  1  um.  Further  thereon,  amorphous  Se  is 
vacuum-deposited  to  have  thickness  of  0.5  to  6  um.  On  the  amorphous  Se  layer,  Sb2S3  is  evaporated  in  the 

15  inert  gas  atmosphere  of  26.7  Pa  (2  x  1  0~1  Torr)  to  have  thickness  of  0.1  um  (1  ,000  A)  as  the  electron  injection 
blocking  layer.  The  target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure 
is  thus  obtained. 

EXAMPLE  25 
20 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
electrode,  the  same  optical  carrier  generation  layer  as  that  of  the  example  24  is  disposed.  Further  thereon, 
an  amorphous  semiconductor  layer  comprising  amorphous  Se  and  As,  or  Se  and  Ge  and  having  layer  thickness 
of  0.5  to  6  nm  is  vacuum-evaporated.  On  the  amorphous  semiconductor  layer,  Sb2S3  is  evaporated  in  the  inert 

25  gas  atmosphere  of  26.7  Pa  (2x1  0~1  Torr)  to  have  thickness  of  0.1  nm  (1  ,000  A)  as  the  electron  injection  blocking 
layer.  The  target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  ob- 
tained. 

The  target  section  of  the  image  pick-up  tube  derived  by  the  example  24  or  25  is  incorporated  into  the  casing 
of  the  image  pick-up  tube  containing  an  electron  gun  therein,  resulting  in  a  photoconductive  image  pick-up 

30  tube.  When  the  resultant  image  pick-up  tube  is  operated  in  electric  field  of  8x1  07  to  2x1  08  V/m,  the  signal  is 
amplified  in  the  amorphous  semiconductor  layer.  When  the  electric  field  has  a  value  of  1.2x108  V/m,  the  ob- 
tained  output  is  10  times  that  obtained  when  the  incident  light  is  entirely  converted  into  a  signal. 

In  the  examples  24  and  25,  it  is  also  possible  to  insert  a  vacuum-evaporated  layer  comprising  cerium  oxide 
and  having  layer  thickness  of  30  nm  (300  A),  for  example,  as  the  auxiliary  rectifying  function  layer  between 

35  the  transparent  electrode  and  the  amorphous  semiconductor  layer.  In  this  case,  the  function  of  blocking  injec- 
tion  of  holes  from  the  transparent  electrode  is  enhanced.  Accordingly,  operation  in  higher  electric  field  be- 
comes  possible,  and  sensitivity  with  charge  multiplication  factor  not  less  than  10  is  obtained. 

EXAMPLE  26 
40 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  electrode.  On  this  transparent 
electrode,  a  thin  film  comprising  amorphous  silicon  nitride  containing  hydrogen  and  having  thickness  of  0.01 
to  0.1  nm  (100  to  1  ,000  A)  is  formed  as  the  hole  injection  blocking  layer.  Succeedingly,  amorphous  silicon  con- 
taining  hydrogen  is  deposited  by  0.5  to  3  nm  by  decomposing  monosilane  with  glow  discharge  while  keeping 

45  the  substrate  at  200  to  300°C.  Further  thereon,  Se  containing  arsenic  at  a  ratio  of  20%  is  vapor-deposited  by 
30  nm  (300  A)  as  the  intermediate  layer,  and  succeedingly  Se  containing  arsenic  at  the  ratio  of  2%  is  vacuum- 
deposited  to  have  thickness  of  0.5  to  6  nm.  On  the  amorphous  Se  layer,  Sb2S3  is  evaporated  in  the  inert  gas 
atmosphere  of  26.7  Pa  (2x1  0~1  Torr)  to  have  thickness  of  0.1  nm  (1  ,000  A)  as  the  electron  injection  blocking 
layer.  The  target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  ob- 

50  tained. 

EXAMPLE  27 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  the  transparent 
55  electrode,  a  thin  layer  comprising  amorphous  silicon  nitride  containing  hydrogen  and  having  thickness  of  0.01 

to  0.1  nm  (100  to  1  ,000  A)  is  formed  as  the  hole  injection  blocking  layer.  Succeedingly,  amorphous  silicon  con- 
taining  boron  at  the  ratio  of  5  ppm  is  deposited  by  0.5  to  3  nm  by  decomposing  mixed  gas  of  monosilane  and 
diborane  with  glow  discharge  while  keeping  the  substrate  at  200  to  300°C.  As  intermediate  layers,  amorphous 
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Se  containing  tellurium  at  the  ratio  of  30%  is  deposited  by  20  nm  (200  A),  and  amorphous  Se  having  composition 
distribution  in  which  the  concentration  of  arsenic  successively  decreases  from  20%  to  2%  is  deposited  by  50 
nm  (500  A).  Further  thereon,  Se  comprising  arsenic  at  the  ratio  of  2%  is  vacuum-deposited  to  have  thickness 
of  0.5  to  6  nm.  On  the  amorphous  Se  layer,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa  (2x1  0~1 

5  Torr)  to  have  thickness  of  0.1  nm  (1  ,000  A)  as  the  electron  injection  blocking  layer.  The  target  section  of  a  pho- 
toconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

The  target  section  of  a  image  pick-up  tube  derived  in  the  example  26  or  27  is  incorporated  into  the  casing 
of  the  image  pick-up  tube  containing  an  electron  gun  therein,  resulting  in  a  photoconductive  image  pickup  tube. 
When  the  resultant  image  pick-up  tube  is  supplied  with  such  voltage  to  be  operated  that  the  electric  field 

10  strength  applied  to  the  charge  multiplication  layer  becomes  8x1  07  to  2x1  08  V/m,  the  signal  is  amplified  in  the 
amorphous  semiconductor  layer.  When  the  electric  field  strength  applied  to  the  charge  multiplication  layer  is 
1  .2x1  08  V/m,  for  example,  high  sensitivity  with  gain  close  to  10  has  been  obtained. 

EXAMPLE  28 
15 

A  transparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  transparent  substrate.  On  this 
transparent  substrate,  CdSe  is  vacuum-evaporated  to  have  layer  thickness  of  0.01  to  1  nm  as  the  optical  carrier 
generation  layer.  After  this  glass  face  plate  has  undergone  heat  processing  at  the  temperature  of  200  to  400°C 
in  oxygen  atmosphere,  amorphous  Se  is  vacuume-deposited  thereon  to  have  thickness  of  0.5  to  6  nm.  On  the 

20  amorphous  Se  layer,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa  (2x1  0~1  Torr)  to  have  thickness 
of  0.1  nm  (1  ,000  A)  as  the  electron  injection  blocking  layer.  The  target  section  of  a  photoconductive  image  pick- 
up  tube  having  a  blocking  type  structure  is  thus  obtained. 

EXAMPLE  29 
25 

A  transparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  transparent  substrate.  Further 
thereon,  the  same  optical  carrier  generation  layer  as  the  embodiment  25  is  disposed.  Further  thereon,  an  amor- 
phous  semiconductor  layer  comprising  amorphous  Se  and  As,  or  Se  and  Ge  and  having  layer  thickness  of  0.5 
to  6  nm  is  vacuum-deposited.  On  the  amorphous  semiconductor  layer,  Sb2S3  is  evaporated  in  the  inert  gas 

30  atmosphere  of  26.7  (2x1  0~1  Torr)  to  have  thickness  of  0.1  nm  (1,000  A)  as  the  electron  injection  blocking  layer. 
The  target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

EXAMPLE  30 

35  Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  transparent  substrate.  As  the  optical 
carrier  generation  layer  on  the  transparent  electrode,  ZnSe  is  vacuum-deposited  to  have  layer  thickness  of 
0.01  to  0.1  nm,  and  the  ZnCdTe  compound  is  vacuum-deposited  to  have  thickness  of  0.1  to  1  nm.  After  this 
glass  face  plate  has  undergone  heat  processing  at  the  temperature  of  200  to  600°C  in  the  oxygen  atmosphere, 
amorphous  Se  is  vacuum-deposited  on  the  glass  face  plate  to  have  thickness  of  0.5  to  6  nm.  On  the  amorphous 

40  Se  layer,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  nm  (2x10~1  Torr)  to  have  thickness  of  0.1 
nm  (1,000  A)  as  the  electron  injection  blocking  layer.  The  target  section  of  a  photoconductive  image  pick-up 
tube  having  a  blocking  type  structure  is  thus  obtained. 

EXAMPLE  31 
45 

A  transparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  substrate  transmitting  the  signal 
light.  On  this  transparent  electrode,  a  layer  comprising  PbS  and  PbO  is  vacuum-deposited  to  have  layer  thick- 
ness  of  0.01  to  1  nm.  Further  thereon,  amorphous  Se  is  vacuum-deposited  to  have  thickness  of  0.5  to  6  nm. 
On  the  amorphous  Se  layer  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa  (2x1  0~1  Torr)  to  have 

so  thickness  of  0.1  nm  (1,000  A)  as  the  electron  injection  blocking  layer.  The  target  section  of  a  photoconductive 
image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

EXAMPLE  32 

55  A  transparent  electrode  comprising  a  transparent  thin  metal  layer  is  formed  on  a  substrate  transmitting 
the  signal  light.  On  this  transparent  electrode,  the  HgCdTe  compound  is  deposited  to  have  layer  thickness  of 
0.01  to  0.1  nm  as  the  optical  carrier  generation  layer.  Further  thereon,  amorphous  Se  is  vacuum-deposited  to 
have  thickness  of  0.5  to  6  nm.  On  the  amorphous  Se  layer,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere 
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of  26.7  Pa  (2x1  CH  Torr)  to  have  thickness  of  0.1  um  (1  ,000  A)  as  the  electron  injection  blocking  layer.  The  target 
section  of  a  photoconductive  image  pick-up  tube  is  thus  obtained. 

The  target  section  of  an  image  pick-up  tube  derived  by  the  example  28,  29,  30,  31  or  32  is  incorporated 
into  the  casing  of  the  image  pick-up  tube  containing  an  electron  gun  therein,  resulting  in  a  photoconductive 

5  image  pick-up  tube.  When  the  resultant  image  pickup  tube  is  supplied  with  such  voltage  to  be  operated  that 
the  electric  field  applied  to  the  charge  multiplication  layer  becomes  8x1  07  to  2x1  08  V/m,  the  signal  is  amplified 
in  the  charge  multiplication  layer  comprising  amorphous  semiconductor.  When  the  electric  field  applied  to  the 
charge  multiplication  layer  has  a  value  of  1  .2x1  08  V/m,  for  example,  the  obtained  output  is  10  times  that  ob- 
tained  when  the  incident  light  is  entirely  converted  into  a  signal  current. 

10 
EXAMPLE  33 

A  glass  substrate  having  a  transparent  electrode  mainly  comprising  indium  oxide  on  the  surface  thereof 
is  disposed  in  the  sputtering  apparatus.  On  this  transparent  electrode,  a  thin  Si02  layer  having  thickness  of 

15  0.01  to  0.1  nm  (1  00  to  1  ,000  A)  is  deposited  as  the  hole  injection  blocking  layer.  While  the  substrate  is  kept  at 
200  to  300°C,  mixed  gas  of  hydrogen  and  argon  is  introduced,  and  high  frequency  power  is  applied  to  poly- 
crystalline  silicon  disposed  on  the  electrode.  On  the  substrate,  amorhpous  silicon  containing  hydrogen  is  de- 
posited  to  have  thickness  of  0.5  to  3  nm.  Further  thereon,  amorphous  Se  is  vacuum-deposited  to  have  thickness 
of  0.5  to  6  nm.  On  the  amorphous  Se  layer,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa  (2x1  0~1 

20  Torr)  to  have  thickness  of  0.1  nm  (1  ,000  A)  as  the  electron  injection  blocking  layer.  The  target  section  of  a  pho- 
toconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained. 

EXAMPLE  34 

25  Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
electrode,  the  same  optical  carrier  generation  layer  comprising  amorphous  silicon  as  the  embodiment  33  is 
disposed.  Further  thereon,  an  amorphous  semiconductor  layer  comprising  amorphous  Se  and  As,  or  Se  and 
Ge  and  having  layer  thickness  of  0.5  to  6  nm  is  vacuum-evaporated.  Further  thereon,  Sb2S3  is  evaporated  in 
the  inert  gas  atmosphere  of  26.7  Pa  (2x1  0~1  Torr)  to  have  thickness  of  0.1  nm  (1,000  A)  as  the  electron  injection 

30  blocking  layer.  The  target  section  of  a  photoconductive  image  pick-up  tube  having  a  blocking  type  structure 
is  thus  obtained. 

The  target  section  of  an  image  pick-up  tube  derived  according  to  the  example  33  or  34  is  incorporated  into 
the  casing  of  an  image  pick-up  tube  containing  an  electron  gun  therein,  resulting  in  a  photoconductive  image 
pick-up  tube.  When  the  resultant  image  pick-up  tube  is  supplied  with  such  voltage  to  be  operated  that  the  elec- 

35  trie  field  strength  applied  to  the  charge  multiplication  layer  becomes  8x1  07  to  2x1  08  V/m,  the  signal  is  amplified 
in  the  amorphous  semiconductor  layer.  When  the  electric  field  strength  applied  to  the  charge  multiplication 
layer  is  1.2x108  V/m,  high  sensitivity  with  gain  close  to  10  is  obtained. 

EXAMPLE  35 
40 

Atransparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  As  the  auxiliary  rec- 
tifying  contact  layer,  Ge02  and  Ce02  are  vapor-deposited  in  the  vacuum  of  4x10^  Pa  (3x1  0"6  Torr)  to  have 
thickness  of  20  nm  and  20  nm  (200  Aand  200  A),  respectively.  As  an  amorphous  semiconductor  layer  thereon, 
Se  and  As2Se3  are  vapor-deposited  from  respective  evaporation  boats  to  have  thickness  of  1  nm.  In  this  case, 

45  the  concentration  of  As  is  defined  to  2%  in  weight  proportion  and  distributed  uniformly  in  the  layer  thickness 
direction.  The  amorphous  semiconductor  layer  is  vapor-deposited  in  the  vacuum  of  2.7x10^  Pa  (2x1  0"6  Torr). 
On  this  amorphous  semiconductor  layer,  Sb2S3  is  evaporated  in  the  argon  atmosphere  of  40  Pa  (3x1  0~1  Torr) 
to  have  thickness  of  80  nm  (800  A)  as  the  electron  injection  blocking  layer.  The  target  section  thus  formed  is 
incorporated  into  an  image  pick-up  tube.  The  amorphous  semiconductor  layer  of  the  image  pick-up  tube  is  op- 

50  erated  in  the  electric  field  of  8x1  07  V/m  to  2x1  08  V/m  causing  the  charge  multiplication. 

EXAMPLE  36 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
55  electrode,  Ce02  is  evaporated  in  vacuum  of  4x10^  Pa  (3x1  0"6  Torr)  to  have  thickness  of  30  nm  (300  A)  as  the 

auxiliary  rectifying  contact  layer.  Further  thereon,  Se  is  evaporated  in  the  vacuum  of  2.7x1  0  ̂ Pa  (2x1  0"6  Torr) 
to  have  thickness  of  2  nm  as  the  amorphous  semiconductor  layer.  On  this  amorphous  semiconductor  layer, 
Sb2S3  is  evaporated  in  the  argon  atmosphere  of  26.7  Pa  (2x1  0~1  Torr)  to  have  thickness  of  0.1  nm  (1,000  A) 
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as  the  electron  injection  blocking  layer.  The  target  section  thus  formed  is  incorporated  into  an  image  pick-up 
tube.  The  amorphous  semiconductor  layer  of  the  resultant  image  pickup  tube  is  operated  in  the  electric  field 
of  8x1  07  to  2x1  08  V/m  causing  the  charge  multiplication. 

5  EXAMPLE  37 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  Further  as  the  aux- 
iliary  rectifying  contact  layer,  Ge02  and  Ce02  are  vapor-deposited  to  have  thickness  of  20  nm  and  20  nm  (200 
A  and  200  A),  respectively.  This  vapor  deposition  is  carried  out  in  the  vacuum  of  2.7x1  0"4  Pa  (2x1  0"6  Torr). 

10  Subsequently,  an  amorphous  semiconductor  layer  is  vapor-deposited.  In  order  to  form  the  amorphous  semi- 
conductor  layer,  Se  and  As2Se3  are  at  first  evaporated  from  respective  evaporation  boats  and  deposited  to 
have  thickness  of  30  nm  (300  A).  In  this  case,  the  As  concentration  is  defined  to  be  3%  in  weight  proportion 
and  distributed  uniformly  in  the  layer  thickness  direction.  Subsequently,  Se,  As2Se3  and  LiF  are  evaporated 
from  respective  different  evaporation  boats  and  vapor-deposited  to  have  thickness  of  60  nm  (600  A).  The  As 

15  concentration  at  this  time  is  2%  in  weight  proportion,  and  the  LiF  concentration  is  2,000  ppm  in  weight  pro- 
portion  and  distributed  uniformly  in  the  layer  thickness  direction.  Further  thereon,  Se  and  As2Se3  are  evapo- 
rated  from  respective  evaporation  boats  and  vapor-deposited  to  have  thickness  of  1.4  nm.  In  this  case,  the 
As  concentration  is  defined  to  be  2%  in  weight  proportion  and  distributed  uniformly  in  the  layer  thickness  di- 
rection.  The  evaporation  of  the  amorphous  semiconductor  layer  is  thus  finished.  The  evaporation  of  amorphous 

20  semiconductor  layer  is  carried  out  in  the  vacuum  of  2.7x10^  Pa  (2x1  0"6  Torr).  An  electron  injection  blocking 
layer  is  vapor-deposited  on  the  amorphous  semiconductor  layer.  In  the  argon  atmosphere  of  40  Pa  (3x10~1 
Torr),  Sb2S3  is  evaporated  to  have  thickness  of  90  nm  (900  A)  as  the  electron  injection  blocking  layer.  The  target 
thus  formed  is  incorporated  in  an  image  pick-up  tube.  The  amorphous  semiconductor  layer  of  the  image  pick- 
up  tube  is  operated  in  the  electric  field  of  7x1  07  to  2x1  08  V/m  causing  the  charge  multiplication. 

25 
EXAMPLE  38 

A  transparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  Further,  Ce02  is 
evaporated  in  the  vacuum  of  4x10^  Pa  (3x1  0"6  Torr)  to  have  thickness  of  30  nm  (300  A)  as  the  auxiliary  rec- 

30  tifying  contact  layer.  On  that  auxiliary  rectifying  contact  layer,  Se  and  As2Se3  are  at  first  evaporated  from  re- 
spective  different  evaporation  boats  to  have  thickness  of  1  .4  nm  as  the  amorphous  semiconductor  layer.  The 
As  concentration  at  this  time  is  defined  to  be  3%  in  weight  proportion,  and  the  concentration  of  ln203  is  defined 
to  be  500  ppm  in  weight  proportion.  These  concentrations  are  uniformly  distributed  in  the  layer  thickness  di- 
rection.  Evaporation  of  the  amorphous  semiconductor  layer  is  thus  finished.  Evaporation  of  the  amorphous 

35  semiconductor  layer  is  carried  out  in  the  vacuum  of  2.7x1  0  ̂ Pa  (2x1  0"6  Torr).  On  the  amorphous  semiconductor 
layer,  Sb2S3  is  evaporated  in  the  argon  atmosphere  of  40  Pa  (3x1  0~1  Torr)  to  have  thickness  of  90  nm  (900  A) 
as  the  electron  injection  blocking  layer.  The  target  section  thus  formed  is  incorporated  into  an  image  pick-up 
tube.  The  amorphous  semiconductor  layer  of  the  image  pick-up  tube  is  operated  in  the  electric  field  of  7x1  07 
to  2x1  08  V/m  causing  the  charge  multiplication. 

40 
EXAMPLE  39 

A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  Further,  Ge02  and 
Ce02  are  evaporated  in  the  vacuum  of  4x1  0"4  Pa  (3x10-6  Torr)  to  respectively  have  thickness  of  20  nm  and  20 

45  nm  (200  A  and  200  A)  as  the  auxiliary  rectifying  contact  layer.  Further  thereon,  an  amorphous  semiconductor 
layer  is  vapor-deposited.  The  amorphous  semiconductor  layer  is  formed  as  described  below.  At  first,  Se  and 
As2Se3  are  vapor-deposited  to  have  thickness  of  30  nm  (300  A)  by  respective  different  evaporation  boats.  The 
As  concentration  at  this  time  is  defined  to  be  6%  in  weight  proportion  and  distributed  uniformly  in  the  layer 
thickness  direction.  Subsequently,  Se,  As2Se3  and  LiF  are  vapor-deposited  to  have  thickness  of  60  nm  (600 

so  A)  by  respective  different  evaporation  boats.  In  this  case,  the  As  concentration  is  defined  to  be  2%  in  weight 
proportion,  and  the  LiF  concentration  is  defined  to  be  4,000  and  distributed  uniformly  in  the  layer  thickness 
direction.  Subsequently,  Se  and  As2Se3  are  vapor-deposited  to  have  thickness  of  1  .5  nm  by  respective  different 
evaporation  boats.  In  this  case,  the  concentration  of  As  is  defined  to  be  2%  in  weight  proportion  and  distributed 
uniformly  in  the  layer  thickness  direction.  Further  thereon,  Se,  As2Se3  and  ln203  are  vapor-deposited  to  have 

55  thickness  of  0.2  nm  (2,000  A)  by  respective  different  evaporation  boats.  The  As  concentration  at  this  time  is 
defined  to  be  3%  in  weight  proportion,  and  the  concentration  of  ln203  is  defined  to  be  700  ppm  in  weight  pro- 
portion  and  distributed  uniformly  in  the  layer  thickness  direction.  Further  thereon,  Se  and  As2Se2  are  vapor- 
deposited  to  have  thickness  of  0.2  nm  (2,000  A)  by  respective  different  evaporation  boats.  In  this  case,  the 
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concentration  of  As  is  defined  to  be  2%  in  weight  proportion  and  distributed  uniformly  in  the  layer  thickness 
direction.  Evaporation  of  the  amorphous  semiconductor  layer  is  thus  finished.  Evaporation  of  the  amorphous 
semiconductor  layer  is  carried  out  in  the  vacuum  of  4x10-4  Pa  (3x1  0"6  Torr)  On  this  amorphous  semiconductor 
layer,  Sb2S3  is  evaporated  in  the  argon  atmosphere  of  26.7  Pa  (2x1  0~1  Torr)  to  have  thickness  of  0.1  um  (1,000 

5  A)  as  the  electron  injection  blocking  layer.  The  target  section  thus  formed  is  incorporated  into  an  image  pick- 
up  tube.  The  amorphous  semiconductor  layer  of  the  image  pick-up  tube  is  operated  in  the  electric  field  of  7x1  07 
to  2x1  08  V/m  causing  charge  multiplication. 

EXAMPLE  40 
10 

A  transparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  Further,  Ce02  is 
evaporated  in  the  vacuum  of  4x10^  Pa  (3x1  0"6  Torr)  to  have  thickness  of  20  nm  (200  A)  as  the  auxiliary  rec- 
tifying  contact  layer.  Further  thereon,  an  amorphous  semiconductor  layer  is  vapor-deposited.  The  amorphous 
semiconductor  layer  is  formed  as  described  below.  At  first,  Se  and  As2Se3  are  vapor-deposited  to  have  thick- 

15  ness  of  0.5  um  (5,000  A)  by  respective  different  evaporation  boats.  The  concentration  of  As  at  this  time  is  de- 
fined  to  be  3%  in  weight  proportion  and  distributed  uniformly  in  the  layer  thickness  direction.  Subsequently, 
Se  and  As2Se3  are  vapor-deposited  to  have  thickness  of  30  nm  (300  A)  by  respective  different  evaporation 
boats.  In  this  case,  the  concentration  of  As  is  defined  to  be  20%  in  weight  proportion  and  distributed  uniformly 
in  the  layer  thickness  direction.  Subsequently,  Se  and  As2Se3  are  vapor-deposited  to  have  thickness  of  0.5 

20  um  (5,000  A)  by  respective  different  evaporation  boats.  The  concentration  of  As  in  this  case  is  defined  to  be 
3%  in  weight  proportion  and  distributed  uniformly  in  the  layer  thickness  direction.  Further  thereon,  Se  and 
As2Se3  are  vapor-deposited  to  have  thickness  of  30  nm  (300  A)  by  respective  different  evaporation  boats.  The 
concentration  of  As  at  this  time  is  defined  to  be  20%  in  weight  proportion  and  distributed  uniformly  in  the  layer 
thickness  direction.  Further  thereon,  Se  and  As2Se3  are  vapor-deposited  to  have  thickness  of  0.5  um  (5,000 

25  A)  by  respective  different  boats.  The  concentration  of  As  in  this  case  is  defined  to  be  1  0%  in  weight  proportion 
and  distributed  uniformly  in  the  layer  thickness  direction.  Evaporation  of  the  amorphous  semiconductor  layer 
is  thus  finished.  Evaporation  of  the  amorphous  semiconductor  layer  is  carried  out  in  the  vacuum  of  4x1  0"4  Pa 
(3x1  0"6  Torr).  An  electron  injection  blocking  layer  is  evaporated  on  the  amorphous  semiconductor  layer.  The 
electron  injection  blocking  layer  is  formed  by  evaporating  Sb2S3  in  the  argon  atmosphere  of  40  Pa  (3x1  0~1  Torr) 

30  to  have  thickness  of  90  nm  (900  A).  The  target  thus  formed  is  incorporated  into  an  image  pick-up  tube.  The 
amorphous  semiconductor  layer  of  the  image  pick-up  tube  is  operated  in  the  electric  field  of  5x1  07  to  2x1  08 
V/m  causing  charge  multiplication. 

EXAMPLE  41 
35 

A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  Further,  Ge02  and 
Ce02  are  evaporated  in  the  vacuum  of  26.7x1  0"4  Pa  (2x1  0"6  Torr)  to  respectively  have  15  nm  (150  A)  as  an 
auxiliary  rectifying  contact  layer.  Further  thereon,  an  amorphous  semiconductor  layer  is  vapor-deposited.  The 
amorphous  semiconductor  layer  is  formed  as  described  below.  Atf  irst,  Se  and  As2Se3  are  vapor-deposited  from 

40  respective  different  evaporation  boats  to  have  thickness  of  60  nm  (600  A).  The  concentration  of  As  at  this  time 
is  defined  to  be  3%  in  weight  proportion  and  distributed  uniformly  in  the  layer  thickness  direction.  Subsequent- 
ly,  Se  and  As2Se3  are  vapor-deposited  from  respective  different  evaporation  boats  to  have  thickness  of  1  5  nm 
(150  A).  The  concentration  of  As  in  this  case  is  defined  to  be  10%  in  weight  proportion  and  distributed  uniformly 
in  the  layer  thickness  direction.  Subsequently,  Se,  Te,  As2Se3  and  LiF  are  vapor-deposited  to  have  thickness 

45  of  90  nm  (900  A)  by  respective  different  evaporation  boats.  In  this  case,  the  concentrations  of  Te,  As  and  LiF 
are  15%,  2%  and  4,000  ppm  in  weight  proportion  and  distributed  uniformly  in  the  layer  thickness  direction. 
Further  thereon,  Se,  As2Se3  and  ln203  are  vapor-deposited  to  have  thickness  of  15  nm  (150  A)  by  respective 
different  evaporation  boats.  The  concentration  of  As  at  this  time  is  defined  to  be  25%  in  weight  porportion, 
and  the  concentration  of  ln203  is  defined  to  be  500  ppm  in  weight  proportion.  These  concentrations  are  dis- 

50  tributed  uniformly  in  the  layer  thickness  direction.  Further  thereon,  Se  and  As2Se3are  vapor-deposited  to  have 
thickness  of  1.8  um  by  respective  different  boats.  The  concentration  of  As  in  this  case  is  defined  to  be  2%  in 
weight  proportion  and  distributed  uniformly  in  the  layer  thickness  direction.  Evaporation  of  the  amorphous  sem- 
iconductor  layer  is  thus  finished.  Evaporation  of  the  amorphous  semiconductor  layer  is  carried  out  in  the  va- 
cuum  of  26.7x10^  Pa  (2x1  0"6  Torr).  Succeedingly,  an  electron  injection  blocking  layer  is  vapor-deposited  on 

55  the  amorphous  semiconductor  layer.  The  electron  injection  blocking  layer  is  formed  by  vapor-depositing  Sb2S3 
to  have  thickness  of  0.1  um  (1  ,000  A)  in  the  argon  atmosphere  of  40  Pa  (3x1  0~1  Torr).  The  target  thus  formed 
is  incorporated  into  an  image  pick-up  tube.  The  amorphous  semiconductor  layer  of  the  image  pick-up  tube  is 
operated  in  the  electric  field  of  5x1  07  to  2x1  08  V/m  causing  charge  multiplication. 
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EXAMPLE  42 

Atransparent  electrode  mainly  comprising  indium  oxide  is  formed  on  a  glass  substrate.  Further,  Ce02  is 
evaporated  in  the  vacuum  of  4x1  (M  Pa  (3x1  Ch6  Torr)  to  have  thickness  of  20  nm  (200  A)  as  the  auxiliary  rec- 

5  tifying  contact  layer.  On  that  contact  layer,  an  amorphous  semiconductor  layer  is  vapor-deposited.  The  amor- 
phous  semiconductor  layer  is  formed  as  described  below.  At  first,  Se  and  As2Se3  are  vapor-deposited  to  have 
thickness  of  0.2  um  (2,000  A)  by  respective  different  evaporation  boats.  The  concentration  of  As  at  this  time 
is  defined  to  be  3%  and  distributed  uniformly  in  the  layer  thickness  direction.  Subsequently,  Se,  As2Se3  and 
LiF  are  vapor-deposited  to  have  thickness  of  50  nm  (500  A)  by  respective  different  evaporation  boats.  In  this 

10  case,  the  concentration  of  As  is  1%  in  weight  proportion  and  the  concentration  of  LiF  is  2,000  ppm  in  weight 
proportion.  These  concentrations  are  distributed  uniformly  in  the  layer  thickness  direction.  Subsequently,  Se, 
As2Se3  and  Te  are  vapor-deposited  to  have  thickness  of  1  um  by  respective  different  evaporation  boats.  In 
this  case,  the  concentration  of  As  is  1%  in  weight  proportion  and  distributed  uniformly  in  the  layer  thickness 
direction.  The  concentration  of  Te  is  increased  at  a  constant  slope  in  the  range  of  layer  thickness  1  um.  At  the 

15  start  of  Te  evaporation,  the  concentration  of  Te  is  1%  in  weight  porportion.  At  the  end  of  Te  evaporation,  the 
concentration  of  Te  is  1.5%  in  weight  proportion.  Subsequently,  Se  and  As2Se3  are  vapor-deposited  to  have 
thickness  of  15  nm  (150  A)  by  respective  different  evaporation  boats.  In  this  case,  the  concentration  of  As  is 
defined  to  be  20%  in  weight  proportion  and  distributed  uniformly  in  the  layer  thickness  direction.  Further  there- 
on,  Se  and  As2Se3  are  vapor-deposited  to  have  thickness  of  0.25  um  (2,500  A)  by  respective  different  evap- 

20  oration  boats.  The  concentration  of  As  at  this  time  is  defined  to  be  2%  in  weight  proportion  and  distributed 
uniformly  in  the  layer  thickness  direction.  Evaporation  of  the  amorphous  semiconductor  layer  is  thus  finished. 
Evaporation  of  the  amorphous  semiconductor  layer  is  carried  out  in  the  vacuum  of  26.7X10"4  (2x1  0"6  Torr).  On 
the  amorphous  semiconductor  layer,  Sb2S3  is  evaporated  in  the  argon  atmosphere  of  26.7  Pa  (2x1  0~1  Torr)  to 
have  thickness  of  90  nm  (900  A)  as  the  electron  injection  blocking  layer.  The  target  section  thus  formed  is  in- 

25  corporated  into  an  image  pick-up  tube.  The  amorphous  semiconductor  layer  of  the  image  pick-up  tube  is  op- 
erated  in  the  electric  field  of  6x1  07  to  2x1  08  V/m  causing  charge  multiplication. 

EXAMPLE  43 

30  A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  Further,  a  hydride 
amorphous  silicon  nitride  layer  is  formed  to  have  layer  thickness  of  20  nm  (200  A)  as  the  auxiliary  rectifying 
contact  layer  by  using  the  glow  discharge  technique.  A  hydride  amorphous  silicon  layer  is  formed  to  have  layer 
thickness  of  0.2  um  (2,000  A)  by  using  the  glow  discharge  technique.  Further  thereon,  Se  and  As2Se3are  vapor- 
deposited  to  have  thickness  of  13  nm  (130  A)  by  respective  different  evaporation  boats.  The  concentration  of 

35  As  in  this  case  is  defined  to  be  30%  in  weight  proportion  and  distributed  uniformly  in  the  layer  thickness  di- 
rection.  Furtherthereon,  Se  and  As2Se3  are  vapor-deposited  to  have  thickness  of  1  .8  um  by  respective  different 
evaporation  boats.  The  concentration  of  As  at  this  time  is  defined  to  be  2%  in  weight  proportion  and  distributed 
uniformly  in  the  layer  thickness  direction.  Evaporation  of  Se  and  As2Se3  of  the  amorphous  semiconductor  layer 
is  carried  out  in  the  vacuum  of  40x1  0"4  Pa  (3x1  0"6  Torr).  Subsequently,  an  electron  injection  blocking  layer  is 

40  vapor-deposited.  The  electron  injection  blocking  layer  is  formed  by  evaporating  Sb2S3  in  the  argon  atmosphere 
of  40  Pa  (3x1  0"1  Torr)  to  have  thickness  of  0.1  um  (1,000  A).  The  target  section  thus  formed  is  incorporated 
into  an  image  pick-up  tube.  The  amorphous  semiconductor  layer  of  the  image  pick-up  tube  is  operated  in  the 
electric  field  of  6x1  07  to  2x1  08  V/m  causing  charge  multiplication. 

45  EXAMPLE  44 

A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  Subsequently,  an 
amorphous  semiconductor  layer  is  vapor-deposited.  The  amorphous  semiconductor  layer  is  formed  as  descri- 
bed  below.  At  first,  Se  is  vapor-deposited  to  have  thickness  of  0.1  um  (1,000  A).  Subsequently,  Se  and  LiF 

so  are  vapor-deposited  to  have  thickness  of  0.1  um  (1  ,000  A)  by  respective  different  evaporation  boats.  The  con- 
centration  of  LiF  at  this  time  is  defined  to  be  3,000  ppm  in  weight  proportion  and  distributed  uniformly  in  the 
layer  thickness  direction.  Furtherthereon,  Se  is  vapor-deposited  to  have  thickness  of  1.8  um.  Evaporation  of 
the  amorphous  semiconductor  layer  is  thus  finished.  Evaporation  of  the  amorphous  semiconductor  layer  is  car- 
ried  out  in  the  vacuum  of  26.7x10^  Pa  (2x1  0"6  Torr).  An  electron  injection  blocking  layer  is  vapor-deposited 

55  on  the  amorphous  semiconductor  layer.  The  electron  injection  blocking  layer  is  formed  by  vapor-depositing 
Sb2S3  in  the  argon  atmosphere  of  40  Pa  (3x1  0~1  Torr)  to  have  thickness  of  0.1  um  (1,000  A).  The  target  section 
thus  formed  is  incorporated  into  an  image  pick-up  tube.  The  amorphous  semiconductor  layer  of  the  image  pick- 
up  tube  is  operated  in  the  electric  field  of  7x1  07  to  2x1  08  V/m  causing  charge  multiplication. 
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EXAMPLE  45 

A  transparent  electrode  mainly  comprising  tin  oxide  is  formed  on  a  glass  substrate.  On  this  transparent 
electrode,  an  amorphous  semiconductor  comprising  Se-As-Te  and  having  thickness  of  0.5  to  6  um  is  vapor- 

5  deposited.  On  the  amorphous  Se-family  layer,  Sb2S3  is  evaporated  in  the  inert  gas  atmosphere  of  26.7  Pa 
(2x1  0"1  Torr)  to  have  thickness  of  0.1  um  as  the  electron  injection  blocking  layer.  The  target  section  of  a  pho- 
toconductive  image  pick-up  tube  having  a  blocking  type  structure  is  thus  obtained.  The  target  section  of  an 
image  pick-up  tube  thus  obtained  is  incorporated  into  the  casing  of  an  image  pick-up  tube  containing  an  elec- 
tron  gun  therein,  resulting  in  a  photoconductive  image  pick-up  tube.  The  resultant  image  pick-up  tube  is  in- 

10  corporated  into  a  TV  camera  capable  of  controlling  the  temperature  of  the  target  section.  The  TV  camera  con- 
tains  heat  generators  including  a  deflection  coil  of  an  image  pick-up  tube,  a  heater  for  generating  the  electron 
beam,  and  a  signal  processing  circuit.  As  the  above  described  temperature  control  mechanism,  therefore,  the 
TV  camera  may  have  cooling  function.  Cooling  is  attained  by  blowing  outside  air  against  the  target  by  means 
of  a  small-sized  blowing  fan  when  a  temperature  such  as  a  thermocouple  or  a  thermistor  finds  that  the  tem- 

15  perature  of  the  target  section  has  risen  up  to  the  temperature  set  point.  The  cooling  method  is  not  necessarily 
limited  to  the  above  described  method.  For  exmaple,  the  target  can  be  cooled  by  operating  a  thermo-electric 
cooling  device  attached  to  the  vicinity  of  the  target  section  or  by  inserting  an  insulative  medium  having  heat 
conduction  function  between  the  target  section  and  the  cooling  section.  The  target  section  is  kept  at  35°C,  for 
example,  by  using  such  a  method,  and  operated  in  the  target  electric  field  not  less  than  8x1  07  V/m.  As  a  result, 

20  the  signal  is  amplified  in  the  amorphous  semiconductor  layer.  When  the  electric  field  has  a  value  of  1.2x108 
V/m,  for  example,  the  output  with  the  gain  not  less  than  10  can  be  obtained  while  restraining  the  HAI  to  a  low 
value. 

Further,  a  vacuum-evaporated  layer  comprising  cerium  oxide  and  having  layer  thickness  of  0.03  um,  for 
example,  may  be  inserted  as  the  auxiliary  rectifying  contact  layer  between  the  transparent  electrode  and  the 

25  amorphous  semiconductor  layer.  In  this  case,  the  function  of  blocking  injection  of  holes  from  the  transparent 
conductive  layer  is  enhanced.  As  a  result,  operation  in  higher  electric  field  becomes  possible  and  further  high 
sensitivity  is  obtained. 

30  Claims 

1.  An  image  pick-up  tube  comprising: 
a  substrate  (1,21,81,91,111); 
an  electrode  (2,22,82,92,112)  formed  over  the  substrate  (1,21,81,91,111); 

35  a  photoconductive  layer  (3)  formed  over  the  electrode  (2,22,82,92,112)  and  comprising  an  amor- 
phous  semiconductor  layer  (24,84,94,114)  for  charge  multiplication; 

means  (8)  for  applying  an  electric  field  to  the  amorphous  semiconductor  layer  (24,84,94,114)  to 
induce  charge  multiplication  in  the  amorphous  semiconductor  layer;  and 

charge  blocking  means  (23,25;83,85;93,95;113,115)  to  prevent  charge  injection  into  the  photocon- 
40  ductive  layer  (3)  when  the  electric  field  is  applied  to  the  amorphous  semiconductor  layer. 

2.  An  image  pick-up  tube  according  to  claim  1,  wherein  said  amorphous  semiconductor  layer  (24,84,94,114) 
consists  primarily  of  Se. 

45  3.  An  image  pick-up  tube  according  to  claim  2,  having  temperature-adjusting  means  to  prevent  the  temper- 
ature  of  said  photoconductive  layer  from  exceeding  40°C. 

4.  An  image  pick-up  tube  according  to  claim  2  or  claim  3,  wherein  said  amorphous  semiconductor  layer  has 
a  thickness  from  0.5um  to  10um. 

50 5.  An  image  pick-up  tube  according  to  any  one  of  claims  2  to  4  wherein  said  amorphous  semiconductor  layer 
comprises  at  least  one  of  As  and  Ge. 

6.  An  image  pick-up  tube  according  to  any  one  of  the  preceding  claims  wherein  said  amorphous  semicon- 
ductor  layer  includes  at  least  one  sensitivity  improver  selected  from  Te,  Sb,  Cd,  and  Bi,  in  at  least  a  partial 

55  thickness  region  thereof. 

7.  An  image  pick-up  tube  according  to  claim  6,  wherein  said  partial  thickness  region  is  disposed  in  said  amor- 
phous  semiconductor  layer  at  a  distance  from  said  electrode. 

24 



EP  0  255  246  B1 

8.  An  image  pick-up  tube  according  to  claim  6  or  claim  7,  wherein  the  average  concentration  in  said  amor- 
phous  semiconductor  layer  of  said  sensitivity  improver  in  said  thickness  region  is  not  less  than  0.01  wt% 
and  not  more  than  50  wt%. 

9.  An  image  pick-up  tube  according  to  any  one  of  the  preceding  claims  wherein  said  photoconductive  layer 
(3)  includes  an  optical  carrier  generation  layer  (86,96)  for  absorbing  incident  light  to  generate  optical  car- 
riers  for  multiplication  in  the  amorphous  semiconductor  layer  (84,94). 

10.  An  image  pick-up  tube  according  to  claim  9,  wherein  said  optical  carrier  generation  layer  (86,96)  is  dis- 
posed  towards  the  light  incidence  side  of  the  photoconductive  layer  (3)  relative  to  said  amorphous  sem- 
iconductor  layer  (84,94). 

11.  An  image  pick-up  tube  according  to  claim  9  or  claim  10  wherein  said  optical  carrier  generation  layer 
(86,96)  consists  primarily  of  a  carrier  generation  material  which  is  a  combination  of  at  least  one  element 
selected  from  Zn,  Cd,  Hg,  and  Pb  and  at  least  one  element  selected  from  O,  S,  Se,  and  Te. 

12.  An  image  pick-up  tube  according  to  claim  11  wherein  said  carrier  generation  material  comprises  at  least 
one  of  ZnS,  CdS,  ZnSe,  CdSe,  ZnTe,  CdTe,  HgCdTe,  PbO  and  PbS. 

13.  An  image  pick-up  tube  according  to  claim  9  or  claim  10  wherein  said  optical  carrier  generation  (86,96) 
layer  consists  primarily  of  an  amorphous  material  of  tetrahedral  family  incorporating  halogen  or  hydrogen. 

14.  An  image  pick-up  tube  according  to  claim  13  wherein  said  halogen  is  fluorine  and/or  chlorine. 

15.  An  image  pick-up  tube  according  to  claim  9  or  claim  10  wherein  said  optical  carrier  generation  layer 
(86,96)  consists  primarily  of  amorphous  Si. 

16.  An  image  pick-up  tube  according  to  claim  9  or  claim  10  wherein  said  photoconductive  layer  (3)  comprises 
an  intermediate  layer  (97)  between  said  optical  carrier  generation  layer  (96)  and  said  amorphous  semi- 
conductor  layer  (94),  said  intermediate  layer  (97)  being  different  from  said  optical  carrier  generation  layer 
(90)  and  said  amorphous  semiconductor  layer  (94)  in  band  gap  or  in  electric  field. 

17.  An  image  pick-up  tube  according  to  claim  16  in  which  the  amorphous  semiconductor  layer  (94)  consists 
primarily  of  Se  and  the  intermediate  layer  (97)  is  also  of  amorphous  semiconductor,  consisting  primarily 
of  Se  incorporating  a  modifier  of  band  gap  or  of  space  charge. 

18.  An  image  pick-up  tube  according  to  claim  17  wherein  said  modifier  comprises  at  least  one  selected  out 
of  bismuth,  cadmium  and  their  chalcogenide  compounds,  tellurium,  tin,  arsenic,  germanium,  antimony, 
indium,  gallium  and  their  chalcogenide  compounds,  sulphur,  chlorine,  iodine,  bromine,  oxidised  copper, 
indium  oxide,  selenium  oxide,  vanadium  oxide,  molybdenum  oxide,  tungsten  oxide,  gallium  fluoride,  and 
indium  fluoride. 

19.  An  image  pick-up  tube  according  to  claim  16  wherein  said  intermediate  layer  (97)  comprises  an  amor- 
phous  substance  consisting  primarily  of  Se  incorporating  a  conductivity  modulating  substance. 

20.  An  image  pick-up  tube  according  to  claim  19  wherein  said  conductivity  modulating  substance  comprises 
at  least  one  selected  from  germanium,  carbon,  nitrogen  and  tin,  or  from  elements  of  III  and  V  families. 

21.  An  image  pick-up  tube  according  to  any  one  of  the  preceding  claims  wherein  said  electrode 
(2,22,82,92,112)  is  transparent. 

22.  An  image  pick-up  tube  according  to  claim  21  wherein  said  electrode  comprises  metal. 

23.  An  image  pick-up  tube  according  to  claim  22  wherein  said  electrode  comprises  at  least  one  of  Cu,  Ag, 
Au,  Al,  In,  Ti,  Ta,  Cr,  Mo,  Ni  and  Pt. 

24.  An  image  pick-up  tube  according  to  any  one  of  the  preceding  claims  wherein  an  auxiliary  contact  layer 
of  blocking  type  (23,83,93)  is  disposed  between  said  electrode  and  said  photoconductive  layer. 

25.  An  image  pick-up  tube  according  to  claim  24,  wherein  said  auxiliary  contact  layer  of  blocking  type  com- 
prises  a  single  layer  of  cerium  oxide,  or  laminates  comprising  cerium  oxide  and  an  oxide  of  at  least  one 
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of  Ge,  Zn,  Cd,  Al,  Si,  Nb,  Ta,  Cr  and  W. 

26.  An  image  pick-up  tube  according  to  any  one  of  the  preceding  claims  wherein  said  amorphous  semicon- 
ductor  layer  comprises  a  material  for  forming  hole  traps  in  at  least  a  part  of  the  thickness  of  said  amorphous 
semiconductor  layer. 

27.  An  image  pick-up  tube  according  to  claim  26,  wherein  said  material  for  forming  hole  traps  comprises  at 
least  one  selected  from  Li,  Na,  K,  Mg,  Ca,  Ba,  Tl  and  their  fluorides,  and  Al,  Cr,  Mn,  Co,  Pb,  Ce  and  their 
fluorides. 

28.  An  image  pick-up  tube  according  to  claim  26  or  claim  27,  wherein  said  material  for  forming  hole  traps  is 
in  a  part  of  the  thickness  of  said  amorphous  semiconductor  layer  at  a  light  incidence  side  thereof. 

29.  An  image  pick-up  tube  according  to  any  one  of  claims  26  to  28  wherein  the  local  concentration  in  said 
amorphous  semiconductor  layer  of  said  material  for  forming  hole  traps  is  not  less  than  20  weight  ppm  and 
not  more  than  10  wt%. 

30.  An  image  pick-up  tube  according  to  any  one  of  the  preceding  claims  wherein  said  amorphous  semicon- 
ductor  layer  comprises  a  material  for  forming  electron  traps  in  at  least  a  part  of  the  thickness  of  said  amor- 
phous  semiconductor  layer. 

31.  An  image  pick-up  tube  according  to  claim  30  wherein  said  electron  trap  forming  material  comprises  at 
least  one  selected  from  oxidised  copper,  indium  oxide,  selenium  oxide,  vanadium  oxide,  molybdenum  ox- 
ide,  tungsten  oxide,  gallium  fluoride,  indium  fluoride,  Zn,  Ga,  In,  CI,  I  and  Br. 

32.  An  image  pick-up  tube  according  to  claim  30  or  claim  31  wherein  said  electron  trap  forming  material  is 
in  a  part  of  the  thickness  of  said  amorphous  semiconductor  layer  towards  an  electron  beam  scanning  side 
thereof. 

33.  An  image  pick-up  tube  according  to  any  one  of  claims  30  to  32  wherein  the  local  concentration  of  said 
electron  trap  forming  material  in  said  amorphous  semiconductor  layer  is  not  less  than  20  weight  ppm  and 
not  more  than  10  wt%. 

34.  An  image  pick-up  tube  according  to  any  one  of  the  preceding  claims  having 
a  target  section  comprising  said  substrate  (1,21,81,91),  electrode  (2,22,82,92)  and  photoconduc- 

tive  layer  (3),  and  wherein  said  substrate  and  electrode  are  transparent,  and 
an  electron  beam  control  section  comprising  means  for  emitting,  accelerating,  deflecting  and  fo- 

cusing  an  electron  beam  to  scan  the  target  section. 

35.  Use  of  an  image  pick-up  tube  according  to  any  one  of  claims  1  to  34  having  a  photoconductive  layer  (3) 
comprising  an  amorphous  semiconductor  layer  (4,24,84,94,114),  in  which  the  photoconductive  layer  (3) 
is  operated  under  an  electric  field  causing  charge  multiplication  in  the  amorphous  semiconductor  layer. 

36.  A  use  according  to  claim  35  in  which  said  electric  field  is  in  the  region  from  5  x  107  to  2  x  108  V/m. 

Patentanspruche 

1.  Bildaufnahmerohre  mit: 
-  einem  Substrat(1,  21,  81,  91,  111); 
-  einer  Elektrode  (2,  22,  82,  92,  112),  die  auf  dem  Substrat  (1,  21,  81,  91,  111)  ausgebildet  ist; 
-  einer  photoleitenden  Schicht  (3),  die  auf  der  Elektrode  (2,  22,  82,  92,  112)  ausgebildet  ist,  und  eine 

amorphe  Halbleiterschicht  (24,  84,  94,  114)  fur  Ladungstragervervielfachung  enthalt; 
-  einer  Einrichtung  (8)  zum  Anlegen  eines  elektrischen  Felds  an  die  amorphe  Halbleiterschicht  (24, 

84,  94,  114)  zum  Hervorrufen  von  Ladungstragervervielfachung  in  deramorphen  Halbleiterschicht; 
und 

-  einer  Ladungstrager-Sperreinrichtung  (23,  25;  83,  85;  93,  95;  113,  115)  zum  Verhindern  von  La- 
dungstragerinjektion  in  die  photoleitende  Schicht  (3),  wenn  das  elektrische  Feld  an  die  amorphe 
Halbleiterschicht  angelegt  wird. 
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2.  Bildaufnahmerohre  nach  Anspruch  1,  bei  derdie  amorphe  Halbleiterschicht  (24,  84,  94,  114)  hauptsach- 
lich  aus  Se  besteht. 

3.  Bildaufnahmerohre  nach  Anspruch  2,  mit  einer  Temperatureinstelleinrichtung  zum  Verhindern,  dali  die 
5  Temperatur  der  photoleitenden  Schicht  40°C  ubersteigt. 

4.  Bildaufnahmerohre  nach  Anspruch  2  oder  Anspruch  3,  bei  der  die  amorphe  Halbleiterschicht  eine  Dicke 
von  0,5  nm  bis  10  nm  aufweist. 

5.  Bildaufnahmerohre  nach  einem  der  Anspruche  2  bis  4,  bei  derdie  amorphe  Halbleiterschicht  mindestens 
eines  der  Materialien  As  und  Ge  enthalt. 

6.  Bildaufnahmerohre  nach  einem  der  vorstehenden  Anspruche,  bei  dem  die  amorphe  Halbleiterschicht  in 
mindestens  eines  Teildickenbereichs  derselben  einen  die  Empfindlichkeit  verbessernden  Stoff  enthalt, 
der  aus  Te,  Sb,  Cd  und  Bi  ausgewahlt  ist. 

15 
7.  Bildaufnahmerohre  nach  Anspruch  6,  bei  derderTeildickenbereich  in  deramorphen  Halbleiterschicht  von 

der  Elektrode  beabstandet  liegt. 

8.  Bildaufnahmerohre  nach  Anspruch  6  oder  Anspruch  7,  bei  der  in  deramorphen  Halbleiterschicht  die  mitt- 
20  lere  Konzentration  des  die  Empfindlichkeit  verbessernden  Staffs  im  genannten  Dickenbereich  nicht  klei- 

ner  als  0,01  Gew.-%  und  nicht  hoher  als  50  Gew.-%  ist. 

9.  Bildaufnahmerohre  nach  einem  der  vorstehenden  Anspruche,  bei  der  die  photoleitende  Schicht  (3)  eine 
Erzeugungsschicht  (86,  96)  fur  optische  Ladungstrager  beinhaltet,  um  einfallendes  Licht  zum  Erzeugen 

25  von  optischen  Ladungstragern  zur  Vervielfachung  in  der  amorphen  Halbleiterschicht  (84,  94)  zu  absor- 
bieren. 

1  0.  Bildaufnahmerohre  nach  Anspruch  9,  bei  der  die  Erzeugungsschicht  (86,  96)  fur  optische  Ladungstrager 
zur  Lichteinfallsseite  der  photoleitenden  Schicht  (3)  hin  bezogen  auf  die  amorphe  Halbleiterschicht  (84, 

30  94)  angeordnet  ist. 

11.  Bildaufnahmerohre  nach  Anspruch  9  oder  Anspruch  10,  bei  derdie  Erzeugungsschicht  (86,  96)  fur  opti- 
sche  Ladungstrager  hauptsachlich  aus  einem  Ladungstrager  erzeugenden  Material  besteht,  das  eine 
Kombination  aus  mindestens  einem  aus  Zn,  Cd,  Hg  und  Pb  ausgewahlten  Element  und  mindestens  einem 

3s  aus  O,  S,  Se  und  Te  ausgewahlten  Element  ist. 

12.  Bildaufnahmerohre  nach  Anspruch  11,  bei  der  das  Ladungstrager  erzeugende  Material  mindestens  aus 
einem  der  Materialien  ZnS,  CdS,  ZnSe,  CdSe,  ZnTe,  CdTe,  HgCdTe,  PbO  und  PbS  besteht. 

13.  Bildaufnahmerohre  nach  Anspruch  9  oder  Anspruch  10,  bei  dem  die  Erzeugungsschicht  (86,  96)furop- 
40  tische  Ladungstrager  hauptsachlich  aus  einem  amorphen  Material  aus  der  tetraedrischen  Familie,  das 

ein  Halogen  oder  Wasserstoff  einschlielit,  besteht. 

14.  Bildaufnahmerohre  nach  Anspruch  13,  bei  dem  das  Halogen  Fluor  und/oder  Chlor  ist. 

45  15.  Bildaufnahmerohre  nach  Anspruch  9  oder  Anspruch  10,  bei  dem  die  Erzeugungsschicht  (86,  96)  fur  op- 
tische  Ladungstrager  hauptsachlich  aus  amorphem  Si  besteht. 

16.  Bildaufnahmerohre  nach  Anspruch  9  oder  Anspruch  10,  bei  dem  die  photoleitende  Schicht  (3)  eine  Zwi- 
schenschicht  (97)  zwischen  der  Erzeugungsschicht  (96)  fur  optische  Ladungstrager  und  der  amorphen 

50  Halbleiterschicht  (94)  enthalt,  wobei  sich  die  Zwischenschicht  (97)  hinsichtlich  der  Bandlucke  oder  des 
elektrischen  Felds  von  der  Erzeugungsschicht  (96)  fur  optische  Ladungstrager  und  der  amorphen  Halb- 
leiterschicht  (94)  unterscheidet. 

35 

50 

55 

17.  Bildaufnahmerohre  nach  Anspruch  16,  bei  der  die  amorphe  Halbleiterschicht  (94)  hauptsachlich  aus  Se 
besteht  und  die  Zwischenschicht  (97)  ebenfalls  aus  einem  amorphen  Halbleiter  besteht,  der  hauptsachlich 
aus  Se  besteht,  mit  einem  Stoff,  der  die  Bandlucke  oder  die  Raumladung  verandert. 

1  8.  Bildaufnahmerohre  nach  Anspruch  1  7,  bei  der  der  verandernde  Stoff  mindestens  einen  Stoff  enthalt,  der 
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aus  Wismut,  Cadmium  und  ihren  Chalcogenidverbindungen,  Tellur,  Zinn,  Arsen,  Germanium,  Antimon,  In- 
dium,  Gallium  und  ihren  Chalcogenidverbindungen,  Schwefel,  Chlor,  Jod,  Brom,  oxidiertem  Kupfer,  Indi- 
umoxid,  Selenoxid,  Vanadiumoxid,  Molybdanoxid,  Wolframoxid,  Galliumfluorid  und  Indiumfluorid  ausge- 
wahlt  ist. 

19.  Bildaufnahmerohre  nach  Anspruch  16,  bei  der  die  Zwischenschicht  (97)  aus  einer  amorphen  Substanz 
besteht,  die  hauptsachlich  aus  Se  besteht,  das  eine  den  Leitungstyp  modulierende  Substanz  enthalt. 

20.  Bildaufnahmerohre  nach  Anspruch  19,  bei  der  die  den  Leitungstyp  modulierende  Substanz  mindestens 
eine  Substanz  ist,  die  aus  Germanium,  Kohlenstoff,  Stickstoff  und  Zinn  oder  aus  Elementen  derGruppen 
III  und  V  ausgewahlt  ist. 

21.  Bildaufnahmerohre  nach  einem  der  vorstehenden  Anspruche,  bei  derdie  Elektrode  (2,  22,  82,  92,  112) 
transparent  ist. 

22.  Bildaufnahmerohre  nach  Anspruch  21  ,  bei  der  die  Elektrode  aus  Metall  besteht. 

23.  Bildaufnahmerohre  nach  Anspruch  22,  bei  derdie  Elektrode  mindestens  aus  einem  der  Elemente  Cu,  Ag, 
Au,  Al,  In,  Ti,  Ta,  Cr,  Mo,  Ni  und  Pt  besteht. 

24.  Bildaufnahmerohre  nach  einem  dervorstehenden  Anspruche,  bei  der  eine  Hilfskontaktschicht  vom  Sperr- 
typ  (23,  83,  93)  zwischen  der  Elektrode  und  der  photoleitenden  Schicht  angeordnet  ist. 

25.  Bildaufnahmerohre  nach  Anspruch  24,  bei  der  die  Hilfskontaktschicht  vom  Sperrtypeineeinzelne  Schicht 
aus  Zeroxid  ist  oder  sie  aus  Laminaten  aus  Zeroxid  und  einem  Oxid  aus  mindestens  einem  der  Elemente 
Ge,  Zn,  Cd,  Al,  Si,  Nb,  Ta,  Cr  und  W  besteht. 

26.  Bildaufnahmerohre  nach  einem  der  vorstehenden  Anspruche,  bei  der  die  amorphe  Halbleiterschicht  ein 
Material  zum  Ausbilden  von  Lochfallen  in  mindestens  einem  Teil  der  Dicke  deramorphen  Halbleiterschicht 
enthalt. 

27.  Bildaufnahmerohre  nach  Anspruch  26,  bei  der  das  Material  zum  Ausbilden  von  Lochfallen  mindestens  ein 
Material  enthalt,  das  aus  Li,  Na,  K,  Mg,  Ca,  Ba,  TI  und  deren  Fluoriden  sowie  Al,  Cr,  Mn,  Co,  Pb,  Ce  und 
deren  Fluoriden  ausgewahlt  ist. 

28.  Bildaufnahmerohre  nach  Anspruch  26  oder  Anspruch  27,  bei  der  das  Material  zum  Ausbilden  von  Loch- 
fallen  in  einem  Teil  der  Dicke  deramorphen  Halbleiterschicht  auf  deren  Lichteintrittsseite  liegt. 

29.  Bildaufnahmerohre  nach  einem  der  Anspruche  26  bis  28,  bei  derdie  ortliche  Konzentration  des  Materials 
zum  Ausbilden  von  Lochfallen  in  der  amorphen  Halbleiterschicht  nicht  kleiner  als  20  Gewichts-ppm  und 
nicht  hoher  als  20  Gew.-%  ist. 

30.  Bildaufnahmerohre  nach  einem  der  vorstehenden  Anspruche,  bei  der  die  amorphe  Halbleiterschicht  ein 
Material  zum  Ausbilden  von  Elektronenfallen  in  mindestens  einem  Teil  der  Dicke  der  amorphen  Halblei- 
terschicht  enthalt. 

31.  Bildaufnahmerohre  nach  Anspruch  30,  bei  der  das  Elektronenfallen  bildende  Material  mindestens  ein  Ma- 
terial  enthalt,  das  aus  oxidiertem  Kupfer,  Indiumoxid,  Selenoxid,  Vanadiumoxid,  Molybdanoxid,  Wolfram- 
oxid,  Galliumfluorid,  Indiumfluorid,  Zn,  Ga,  In,  CI,  J  und  Br  ausgewahlt  ist. 

32.  Bildaufnahmerohre  nach  Anspruch  30  oder  Anspruch  31  ,  bei  der  das  Elektronenfallen  bildende  Material 
in  einem  Teil  der  Dicke  deramorphen  Halbleiterschicht  zur  Elektronenstrahl-Abrasterseite  derselben  liegt. 

33.  Bildaufnahmerohre  nach  einem  der  Anspruche  30  bis  32,  bei  der  die  ortliche  Konzentration  des  Elektro- 
nenfallen  bildenden  Materials  in  deramorphen  Halbleiterschicht  nicht  kleiner  als  20  Gewichts-ppm  und 
nicht  hoher  als  10  Gew.-%  ist. 

34.  Bildaufnahmerohre  nach  einem  der  vorstehenden  Anspruche,  mit: 
-  einem  Bildaufnahmeplatte-Abschnitt  mit  dem  Substrat  (1,  21,  81,  91),  der  Elektrode  (2,  22,  82,  92) 

und  der  photoleitenden  Schicht  (3),  wobei  das  Substrat  und  die  Elektrode  transparent  sind;  und 
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-  einem  Elektronenstrahl-Steuerabschnitt  mit  Einrichtungen  zum  Emittieren,  Beschleunigen,  Ablen- 
ken  und  Fokussieren  eines  Elektronenstrahls  zum  Abrastern  des  Bildaufnahmeplatte-Abschnitts. 

35.  Verwendung  einer  Bildaufnahmerohre  gemali  einem  der  Anspruche  1  bis  34,  mit  einer  photoleitenden 
Schicht  (3)  aus  einer  amorphen  Halbleiterschicht  (4,  24,  84,  94,  114),  wobei  die  photoleitende  Schicht  (3) 
bei  einem  elektrischen  Feld  betrieben  wird,  das  Ladungstragervervielfachung  in  der  amorphen  Halblei- 
terschicht  hervorruft. 

36.  Verwendung  nach  Anspruch  35,  bei  der  das  elektrische  Feld  im  Bereich  von  5x  107  bis  2  x  108  V/m  liegt. 

Revendications 

1.  Tube  de  prise  de  vues,  comprenant  : 
15  un  substrat  (1,21,81,91,111); 

une  electrode  (2,22,82,92,112)  formee  sur  le  substrat  (1,21,81,91,111); 
une  couche  photoconductrice  (3)  formee  sur  I'electrode  (2,22,82,92,112)  et  comprenant  une  cou- 

che  semiconductrice  amorphe  (24,84,94,114)  pour  une  multiplication  de  charges; 
des  moyens  (8)  pour  appliquer  un  champ  electrique  a  la  couche  semiconductrice  amorphe 

20  (24,84,94,114)  pour  induire  une  multiplication  de  charges  dans  la  couche  semiconductrice  amorphe;  et 
des  moyens  de  blocage  de  charges  (23,25;83,85;93,  95;113,115)  pour  empecher  une  injection  de 

charges  dans  la  couche  photoconductrice  (3)  lorsque  le  champ  electrique  est  applique  a  la  couche  se- 
miconductrice  amorphe. 

2.  Tube  de  prise  de  vues  selon  la  revendication  1  ,  dans  lequel  ladite  couche  semiconductrice  amorphe  (24, 
84,94,114)  est  constitute  principalement  par  du  Se. 

3.  Tube  de  prise  de  vues  selon  la  revendication  2,  possedant  des  moyens  de  reglage  de  la  temperature  pour 
empecher  que  la  temperature  de  ladite  couche  photoconductrice  ne  depasse  40°C. 

30  4.  Tube  de  prise  de  vues  selon  la  revendication  2  ou  3,  dans  lequel  ladite  couche  semiconductrice  amorphe 
possede  une  epaisseur  comprise  entre  0,5  um  et  10  um. 

5.  Tube  de  prise  de  vues  selon  I'une  quelconque  des  revendications  2  a  4,  dans  lequel  ladite  couche  semi- 
conductrice  amorphe  est  constitute  par  au  moins  I'un  de  As  et  Ge. 

35 
6.  Tube  de  prise  de  vues  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  ladite  couche 

semiconductrice  amorphe  comprend  au  moins  un  agent  ameliorant  la  sensibilite,  choisi  parmi  Te,  Sb,  Cd 
et  Bi,  dans  au  moins  une  region  d'epaisseur  partielle  de  cette  couche. 

40  7.  Tube  de  prise  de  vues  selon  la  revendication  6,  dans  lequel  ladite  region  d'epaisseur  partielle  est  disposee 
dans  ladite  couche  semiconductrice  amorphe  a  une  distance  de  ladite  electrode. 

8.  Tube  de  prise  de  vues  selon  la  revendication  6  ou  7,  dans  lequel  la  concentration  moyenne  dudit  agent 
ameliorant  la  sensibilite  dans  ladite  couche  semiconductrice  amorphe  dans  ladite  region  d'epaisseur  n'est 
pas  inferieure  a  0,01  %  en  poids  et  n'est  pas  superieure  a  50  %  en  poids. 45 

9.  Tube  de  prise  de  vues  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  ladite  couche 
photoconductrice  (3)  comprend  une  couche  (86,96)  de  production  de  porteurs  optiques  pour  absorber  une 
lumiere  incidente  de  facon  a  produire  des  porteurs  optiques  pour  une  multiplication  dans  la  couche  se- 
miconductrice  amorphe  (84,94). 

50 
10.  Tube  de  prise  de  vues  selon  la  revendication  9,  dans  lequel  ladite  couche  (86,96)  de  production  de  por- 

teurs  optiques  est  disposee  vers  le  cote  d'incidence  de  la  lumiere  de  la  couche  photoconductrice  (3)  par 
rapport  a  ladite  couche  semiconductrice  amorphe  (84,94). 

55  11.  Tube  de  prise  de  vues  selon  la  revendication  9  ou  10,  dans  lequel  ladite  couche  (86,96)  de  production  de 
porteurs  optiques  est  constitute  principalement  par  un  materiau  produisant  des  porteurs,  qui  est  une 
combinaison  d'au  moins  un  element  choisi  parmi  Zn,  Cd,  Hg  et  Pb  et  au  moins  un  element  choisi  parmi 
O,  S,  Se  et  Te. 
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12.  Tube  de  prise  de  vues  selon  la  revendication  11,  dans  lequel  ledit  materiau  de  production  de  porteurs 
comprend  au  moins  I'un  de  ZnS,  CdS,  ZnSe,  CdSe,  ZnTe,  CdTe,  HgCdTe,  PbO  et  PbS. 

13.  Tube  de  prise  de  vues  selon  la  revendication  9  ou  10,  dans  lequel  ladite  couche  (86,96)  de  production  de 
porteurs  optiques  est  constitute  principalement  d'un  materiau  amorphe  de  la  famille  tetrahedrique 
comprenant  un  halogene  ou  I'hydrogene. 

14.  Tube  de  prise  de  vues  selon  la  revendication  13,  dans  lequel  ledit  halogene  est  du  fluor  et/ou  du  chlore. 

15.  Tubede  prise  de  vues  selon  la  revendication  9  ou  10,  dans  lequel  ladite  couche  de  production  de  porteurs 
optiques  (86,96)  est  constitute  principalement  par  du  Si  amorphe. 

16.  Tube  de  prise  de  vues  selon  la  revendication  9  ou  10,  dans  lequel  ladite  couche  photoconductrice  (3) 
comprend  une  couche  intermtdiaire  (97)  situte  entre  ladite  couche  (96)  de  production  de  porteurs  opti- 
ques  et  ladite  couche  semiconductrice  amorphe  (94),  ladite  couche  intermtdiaire  (97)  ayant  une  largeur 
de  bande  interdite  ou  un  champ  tlectrique,  qui  d  if  fere  de  la  largeur  de  bande  interdite  ou  du  champ  elec- 
trique  de  ladite  couche  de  production  de  porteurs  optiques  (90)  et  de  ladite  couche  semiconductrice  amor- 
phe  (94). 

17.  Tube  de  prise  de  vues  selon  la  revendication  16,  dans  laquelle  la  couche  semiconductrice  amorphe  (94) 
est  constitute  principalement  par  du  Se  et  la  couche  intermtdiaire  (97)  est  tgalement  formte  par  un  se- 
miconducteur  amorphe  et  est  constitute  principalement  par  du  Se  incorporant  un  agent  de  modification 
de  la  largeur  de  bande  interdite  et  de  la  charge  d'espace. 

18.  Tube  de  prise  de  vues  selon  la  revendication  17,  dans  lequel  ledit  agent  de  modification  comprend  au 
moins  un  tltment  choisi  parmi:  bismuth,  cadmium  et  leurs  composts  chalcogtnures,  tellure,  ttain,  arse- 
nic,  germanium,  antimoine,  indium,  gallium,  leurs  composts  chalcogtnures,  soufre,  chlore,  iode,  brome, 
cuivre  oxydt,  oxyde  d'indium,  oxyde  de  stltnium,  oxyde  de  vanadium,  oxyde  de  molybdene,  oxyde  de 
tungstene,  fluorure  de  gallium  et  fluorure  d'indium. 

19.  Tube  de  prise  de  vues  selon  la  revendication  16,  dans  lequel  ladite  couche  intermtdiaire  (97)  comprend 
une  substance  amorphe  constitute  principalement  par  du  Se  contenant  une  substance  modulant  la 
conductivitt. 

20.  Tube  de  prise  de  vues  selon  la  revendication  19,  dans  lequel  ladite  substance  modulant  la  conductivitt 
comprend  au  moins  I'un  stlectionnt  parmi  le  germanium,  le  carbone,  I'azote  et  I'ttain,  ou  parmi  des  ele- 
ments  des  groupes  III  et  V. 

21.  Tube  de  prise  de  vues  selon  I'une  quelconque  des  revendications  prtctdentes,  dans  lequel  ladite  tlec- 
trode  de  vue  (2,22,82,92,112)  est  transparente. 

22.  Tube  de  prise  de  vues  selon  la  revendication  21  ,  dans  lequel  ladite  tlectrode  comprend  un  mttal. 

23.  Tube  de  prise  de  vues  selon  la  revendication  22,  dans  lequel  ladite  tlectrode  comprend  au  moins  I'un  de 
Cu,  Ag,  Au,  Al,  In,  Ti,  Ta,  Cr,  Mo,  Ni  et  Pt. 

24.  Tube  de  prise  de  vues  selon  I'une  quelconque  des  revendications  prtctdentes,  dans  lequel  une  couche 
de  contact  auxiliaire  du  type  bloquante  (23,83,93)  est  disposte  entre  ladite  tlectrode  et  ladite  couche  pho- 
toconductrice. 

25.  Tube  de  prise  de  vues  selon  la  revendication  24,  dans  lequel  ladite  couche  de  contact  auxiliaire  de  type 
bloquant  comprend  une  couche  unique  d'oxyde  de  ctrium  ou  des  stratif  its  comprenant  I'oxyde  de  ctrium 
et  un  oxyde  d'au  moins  I'un  de  Ge,  Zn,  Cd,  Al,  Si,  Nb,  Ta  Cr  et  W. 

26.  Tube  de  prise  de  vues  selon  I'une  quelconque  des  revendications  prtctdentes,  dans  lequel  ladite  couche 
semiconductrice  amorphe  comprend  un  mattriau  servant  a  former  des  pieges  a  trous  dans  au  moins  une 
partie  de  I'tpaisseur  de  ladite  couche  semiconductrice  amorphe. 

27.  Tube  de  prise  de  vues  selon  la  revendication  26,  dans  lequel  ledit  mattriau  servant  a  former  des  pieges 
a  trous  comprend  au  moins  I'un  stlectionnt  parmi  Li,  Na,  K,  Mg,  Ca,  Ba,  TI  et  leurs  fluorures,  et  Al,  Cr, 
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Mn,  Co,  Pb,  Ce  et  leurs  fluorures. 

28.  Tube  de  prise  de  vues  selon  la  revendication  26  ou  27,  dans  lequel  ledit  materiau  servant  a  former  des 
pieges  a  trous  est  situe  dans  une  partie  de  I'epaisseur  de  ladite  couche  semiconductrice  amorphe  sur 

5  une  face  d'incidence  de  la  lumiere. 

29.  Tube  de  prise  de  vues  selon  I'une  quelconque  des  revendications  26  a  28,  dans  lequel  la  concentration 
locale  dudit  materiau  servant  a  former  des  pieges  a  trous,  dans  ladite  couche  semiconductrice  amorphe 
n'est  pas  inferieure  a  20  ppm  en  poids  et  n'est  pas  superieure  a  10  %  en  poids. 

10 30.  Tube  de  prise  de  vues  selon  I'une  des  revendications  precedentes,  dans  lequel  ladite  couche  semicon- 
ductrice  amorphe  comprend  un  materiau  servant  a  former  des  pieges  a  electrons,  dans  au  moins  une 
partie  de  I'epaisseur  de  ladite  couche  semiconductrice  amorphe. 

15 
31.  Tube  de  prise  de  vues  selon  la  revendication  30,  dans  lequel  ledit  materiau  formant  des  pieges  a  electrons 

15  comprend  au  moins  I'un  selectionne  de  cuivre  oxyde,  oxyde  d'indium,  oxyde  de  selenium,  oxyde  de  va- 
nadium,  oxyde  de  molybdene,  oxyde  de  tungstene,  fluorure  de  gallium,  fluorure  d'indium,  Zn,  Ga,  In,  CI, 
I  et  Br. 

32.  Tube  de  prise  de  vues  selon  la  revendication  30  ou  31,  dans  lequel  ledit  materiau  formant  des  pieges  a 
20  electrons  est  situe  dans  une  partie  de  I'epaisseur  de  ladite  couche  semiconductrice  amorphe  en  direction 

d'un  cote  de  cette  couche  ou  s'effectue  le  balayage  d'un  faisceau  d'electrons. 

33.  Tube  de  prise  de  vues  selon  I'une  quelconque  des  revendications  30  a  32,  dans  lequel  la  concentration 
locale  dudit  materiau  formant  des  pieges  a  electrons  dans  ladite  couche  semiconductrice  amorphe  n'est 

25  pas  inferieure  a  20  ppm  en  poids  et  n'est  pas  superieure  a  10  %  en  poids. 

34.  Tube  de  prise  de  vues  selon  I'une  quelconque  des  revendications  precedentes  comportant 
une  section  cible  comprenant  ledit  substrat  (1  ,  21  ,81  ,91),  une  electrode  (2,22,82,92)  et  une  couche 

photoconductrice  (3),  et  ledit  substrat  et  ladite  electrode  etant  transparents,  et 
30  une  section  de  commande  de  faisceau  d'electrons  comprenant  des  moyens  pour  emettre,  acce- 

lerer,  devier  et  focaliser  un  faisceau  d'electrons  pour  balayer  la  section  cible. 

35.  Utilisation  d'un  tube  de  prise  de  vues  selon  I'une  quelconque  des  revendications  1  a  34,  comportant  une 
couche  photoconductrice  (3)  comprenant  une  couche  semiconductrice  amorphe  (4,24,84,94,114),  dans 

35  laquelle  la  couche  photoconductrice  (3)  fonctionne  sous  Taction  d'un  champ  electrique  provoquant  une 
multiplication  de  charges  dans  la  couche  semiconductrice  amorphe. 

36.  Utilisation  selon  la  revendication  35,  dans  laquelle  ledit  champ  electrique  se  situe  dans  la  gamme  allant 
de5x107a2x108V/m. 
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