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(54)  Photomultiplier. 

(57)  There  is  provided  a  photomultiplier  in  which  a 
transmittance  of  an  incident  light  and  a  photo- 
sensitivity  is  high  and  a  hysteresis  characteristic 
is  excellent.  Therefore,  in  the  present  invention, 
a  photocathode  16,  dynodes  17a  to  17c  and  an 
anode  18  are  supported  between  insulating  ma- 
terial  substrates  12a  and  12b  provided  in  a  glass 
bulb  11.  A  transparent  conductive  film  19  is 
formed  on  an  inside  wall  surface  of  a  light 
entrance  portion  15.  The  transparent  conduc- 
tive  film  19  electrically  contacts  with  a  pad  20 
which  is  led  through  a  terminal  14  to  the  out- 
side.  The  same  potential  as  the  photocathode 
12  is  applied  through  the  pad  20  to  the  transpa- 
rent  conductive  film  19.  The  incident  light  di- 
rectly  impinges  on  the  photocathode  16 
through  the  glass  bulb  11  and  the  transparent 
conductive  film  19  at  a  place  corresponding  to 
the  light  entrance  portion  15.  As  a  result,  the 
incident  light  reaches  the  photocathode  12  with 
not  being  interfered  at  all,  and  the  transmit- 
tance  of  the  incident  light  is  improved.  Since  a 
predetermined  potential  is  applied  to  the  trans- 
parent  conductive  film  19,  the  change  of  the 
potential  of  the  inside  wall  surface  of  the  glass 
bulb  11  is  performed  at  high  speed,  and  the 
hysteresis  becomes  extremely  small. 

F i g   .  5  

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  658  919  A2 2 

BACKGROUND  OF  THE  INVENTION 

Field  of  The  Invention 

The  present  invention  relates  to  a  photomultiplier  5 
of  so-called  side-on  type  into  which  light  to  be  meas- 
ured  is  incident  through  a  side  of  a  container. 

Related  Background  Art 
10 

Fig.  1  is  a  side  view,  partly  in  vertical  section,  of 
a  conventional  side-on  type  photomultiplier  which  is 
generally  used,  and  Fig..  2  is  a  cross-sectional  view 
of  the  photomultiplier.  In  this  photomultiplier,  light  to 
be  measured  enters  through  a  side  of  a  glass  bulb  1  15 
which  is  a  transparent  closed  container.  The  incident 
light  passing  through  the  glass  bulb  1  impinges  on  a 
photosurface  of  a  reflection  type  photocathode  2, 
whereby  photoelectrons  are  emitted  from  the  photo- 
surface.  The  photoelectrons  are  then  delivered  to  an  20 
electron  multiplying  unit  constituted  of  plural  stages 
of  dynodes  3a,  3b,  3c  —  .  The  electron  multiplying  unit 
successively  multiplies  the  photoelectrons,  and  the 
multiplied  electrons  are  collected  as  an  output  signal 
in  an  anode  4.  25 

A  grid  electrode  6  is  provided  between  a  light  en- 
trance  portion  5  of  the  glass  bulb  1  and  the  photoca- 
thode  2  so  as  to  guide  the  photoelectrons  emitted 
from  the  photocathode  2  to  dynode  3a  of  the  first 
stage.  The  potential  of  the  grid  electrode  6  is  set  to  be  30 
equal  to  that  of  the  photocathode  2.  There  are  various 
types  of  grid  electrodes  which  may  be  employed  as 
the  grid  electrode  6.  For  example,  the  grid  electrode 
6  may  be  a  grid  electrode  (not  shown)  constituted  in 
a  manner  that  fine  conductive  wires  are  placed  in  a  35 
grid-shaped  configuration,  or  a  grid  electrode  consti- 
tuted  in  a  manner  that  one  fine  conductive  wire  6c  is 
helically  wound  around  two  supporting  rods  6a  and  6b 
as  shown  in  Fig.  1  . 

There  is  also  known  a  side-on  type  photomultipli-  40 
er  disclosed  in  JP-B-53-18864.  As  shown  in  Fig.  3,  in 
this  side-on  type  photomultiplier,  a  glass  plate  7  on 
which  a  transparent  conductive  film  is  formed  is  em- 
ployed  instead  of  the  grid  electrode  6. 

There  is  also  known  a  side-on  type  photomultipli-  45 
er  disclosed  in  JP-A-4-292843.  JP-A-4-292843  dis- 
closes  a  structure  in  which  a  conductive  portion  such 
as  an  aluminum-evaporated  film  is  formed  on  an  in- 
side  wall  surface  of  a  glass  bulb  except  for  a  light  en- 
trance  portion.  Further,  JP-A-4-292843  also  disclo-  50 
ses  that  the  conductive  portion  is  formed  also  on  the 
light  entrance  portion  when  the  conductive  portion  is 
transparent.  The  conductive  portion  reduces  a  resis- 
tance  of  the  inside  wall  surface  of  the  glass  bulb,  so 
that  a  time  constant  formed  by  stray  capacitance  and  55 
the  surface  resistance  of  the  inside  wall  surface  of  the 
glass  bulb  is  small.  Since  the  time  constant  is  small, 
the  unstableness  of  the  potential  on  the  inside  wall 

surface  of  the  glass  bulb  is  eliminated.  As  a  result,  an 
influence  upon  an  electron  track  of  photoelectrons  is 
reduced,  whereby  a  hysteresis  characteristic  is  im- 
proved.  The  hysteresis  is  a  phenomenon  that  an  out- 
put  signal  rises  not  suddenly  but  gradually  to  reach 
stability  when  an  optical  pulse  enters  a  photomultipli- 
er. 

SUMMARY  OF  THE  INVENTION 

According  to  the  present  invention,  there  is  pro- 
vided  a  photomultiplier  comprising:  a  transparent 
closed  container  including  a  light  entrance  portion;  a 
reflection  type  photocathode,  provided  in  the  closed 
container,  for  emitting  photoelectrons  in  response  to 
an  incident  light  transmitted  through  the  light  en- 
trance  portion;  a  transparent  conductive  film  formed 
on  an  inside  wall  surface  of  the  light  entrance  portion 
of  the  closed  container,  a  predetermined  potential  be- 
ing  applied  to  the  film;  an  electron  multiplying  unit,  in- 
cluding  plural  stages  of  dynodes,  for  electron-multi- 
plying  the  photoelectrons  emitted  from  the  reflection 
type  photocathode;  and  an  anode  for  collecting  the 
multiplied  electrons. 

The  transparent  conductive  film  may  be  formed 
on  the  entire  inside  wall  surface  of  the  closed  contain- 
er. 

The  present  invention  will  become  more  fully  un- 
derstood  from  the  detailed  description  given  herein- 
below  and  the  accompanying  drawings  which  are  giv- 
en  by  way  of  illustration  only,  and  thus  are  not  to  be 
considered  as  limiting  the  present  invention. 

Further  scope  of  applicability  of  the  present  in- 
vention  will  become  apparent  from  the  detailed  de- 
scription  given  hereinafter.  However,  it  should  be  un- 
derstood  that  the  detailed  description  and  specific  ex- 
amples,  while  indicating  preferred  embodiments  of 
the  invention,  are  given  by  way  of  illustration  only, 
since  various  changes  and  modifications  within  the 
spirit  and  scope  of  the  invention  will  become  apparent 
to  those  skilled  in  the  art  from  this  detailed  descrip- 
tion. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  side  view,  partly  in  vertical  section,  of 
a  conventional  photomultiplier  which  is  generally 
used; 
Fig.  2  is  a  cross-sectional  view  of  the  convention- 
al  photomultiplier  which  is  generally  used; 
Fig.  3  is  a  cross-sectional  view  showing  an  exam- 
ple  of  another  conventional  photomultiplier; 
Fig.  4  is  a  side  view,  partly  in  vertical  section,  of 
a  photomultiplier  according  to  a  first  embodiment 
of  the  present  invention; 
Fig.  5  is  a  cross-sectional  view  of  the  photomul- 
tiplier  according  to  the  first  embodiment; 
Fig.  6  is  a  cross-sectional  view  showing  an  exam- 
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pie  of  a  variant  of  a  transparent  conductive  film 
in  the  first  embodiment; 
Fig.  7  is  a  cross-sectional  view  of  a  photomultipli- 
er  according  to  a  second  embodiment  of  the  pres- 
ent  invention; 
Fig.  8  is  a  diagram  showing  an  electron  track  of 
photoelectrons  in  a  conventional  structure; 
Fig.  9  is  a  diagram  showing  an  electron  track  of 
photoelectrons  in  a  structure  according  to  the 
second  embodiment; 
Fig.  10  is  a  side  view,  partly  in  vertical  section,  of 
a  photomultiplier  according  to  a  third  embodiment 
of  the  present  invention; 
Fig.  11  is  a  cross-sectional  view  of  the  photomul- 
tiplier  according  to  the  third  embodiment; 
Fig.  12  is  a  perspective  view  showing  a  shape  of 
a  dynode  in  the  third  embodiment; 
Fig.  13  is  a  side  view,  partly  in  vertical  section,  of 
a  photomultiplier  according  to  a  fourth  embodi- 
ment  of  the  present  invention; 
Fig.  14  is  a  cross-sectional  view  showing  an  ex- 
ample  of  a  structure  of  a  transparent  conductive 
film  in  the  fourth  embodiment;  and 
Fig.  1  5  is  a  cross-sectional  view  showing  another 
example  of  a  structure  of  the  transparent  conduc- 
tive  film  in  the  fourth  embodiment. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Figs.  4  and  5  show  a  photomultiplier  of  so-called 
side-on  type  to  which  an  embodiment  of  the  present 
invention  is  applied.  A  glass  bulb  11  is  a  transparent 
closed  container.  Specifically,  the  glass  bulb  11  is  a 
transparent  cylinder  closed  at  the  upper  and  lower 
ends.  Insulating  material  substrates  12a  and  12b  are 
provided  at  the  upper  and  lower  positions  in  the  glass 
bulb  11,  respectively.  The  substrates  12a  and  12b 
support  various  electrodes.  The  various  electrodes 
are  led  to  the  outside  through  terminals  14  provided 
on  a  base  13  placed  at  the  bottom  of  the  glass  bulb 
1  1  .  A  photocathode  16,  an  electron  multiplying  unit  17 
and  an  anode  18  for  collecting  an  output  signal  are 
supported  between  the  insulating  material  substrates 
12a  and  12b.  The  photocathode  16  is  placed  so  as  to 
be  inclined  at  a  predetermined  angle  to  a  light  en- 
trance  portion  15  of  the  glass  bulb  11.  The  electron 
multiplying  unit  17  is  constituted  of  plural  stages  of  dy- 
nodes  17a,  17b,  1  7c  for  successively  multiplying  pho- 
toelectrons  emitted  from  the  photocathode  16. 

A  transparent  conductive  film  19  is  partically 
formed  on  an  inside  wall  surface  of  the  light  entrance 
portion  1  5  of  the  glass  bulb  1  1  .  Although  the  transpar- 
ent  conductive  film  19  may  be  formed  in  various  man- 
ners,  the  film  19  is  preferably  formed  in  a  manner  that 
chromium  (Cr)  is  selectively  evaporated  onto  the  in- 
side  wall  surface  of  the  glass  bulb  11  .  The  transparent 
conductive  film  19  electrically  contacts  with  a  pad  20 

adhered  to  the  inside  wall  surface  of  the  light  en- 
trance  portion  15  of  the  glass  bulb  11.  The  pad  20  is 
led  through  the  terminal  14  to  the  outside. 

In  this  arrangement,  predetermined  potentials 
5  are  applied  to  the  photocathode  16  and  the  anode  18 

through  the  terminals  14,  respectively.  For  example, 
a  potential  of  -  1KV  is  applied  to  the  photocathode  16, 
and  a  ground  potential  is  applied  to  the  anode  18.  An 
appropriate  potential  which  divides  a  voltage  be- 

10  tween  the  photocathode  16  and  the  anode  18  is  ap- 
plied  through  the  terminal  14  to  each  of  the  plural  sta- 
ges  of  dynodes  17a,  17b,  17c  --.  For  example,  the 
same  potential  as  the  photocathode  16,  that  is,  the 
potential  of  -1  KV  is  applied  to  the  transparent  conduc- 

15  tive  film  19  through  the  terminal  14  and  the  pad  20. 
In  such  a  state,  incident  light  directly  impinges  on  the 
photocathode  16  through  the  light  entrance  portion 
15  of  the  glass  bulb  11  and  the  transparent  conduc- 
tive  film  19.  At  this  time,  there  is  no  grid  electrode  be- 

20  tween  the  light  entrance  portion  15  and  the  photoca- 
thode  16  like  the  prior  art,  and  therefore  the  incident 
light  reaches  the  photocathode  16  with  not  being  in- 
terfered  at  all.  That  is,  in  the  conventional  photomul- 
tiplier  as  shown  in  Figs.  1  and  2,  since  the  grid  elec- 

25  trade  6  is  placed  in  front  of  the  photocathode  2,  a  part 
of  the  light  which  is  to  be  entered  into  the  photoca- 
thode  2  through  the  glass  bulb  1  is  scattered  or  ab- 
sorbed  by  the  conductive  wire  6c  of  the  grid  electrode 
6.  Therefore,  even  if  the  incident  light  is  uniform,  a 

30  part  of  the  incident  light  does  not  reach  the  photoca- 
thode  2.  Further,  loss  is  caused  due  to  absorption  or 
scattering  when  light  passes  through  a  glass  material. 
Therefore,  when  the  glass  plate  7  is  placed  in  the 
glass  bulb  1  like  the  conventional  photomultiplier  as 

35  shown  in  Fig.  3,  there  arises  a  problem  that  the  loss 
becomes  twofold  since  the  light  passes  through  a 
glass  material  two  times.  However,  in  the  present  em- 
bodiment,  as  described  above,  the  incident  light 
reaches  the  photocathode  16  with  not  being  inter- 

40  feredatall. 
Further,  if  the  transparent  conductive  film  1  9  is  a 

chromium-evaporated  film.,  the  loss  of  light  caused 
when  the  incident  light  passes  through  the  transpar- 
ent  conductive  film  19  is  extremely  small  since  the 

45  transparent  conductive  film  19  has  a  high  transmit- 
tance  of  98%.  In  contrast,  in  the  conventional  photo- 
multiplier  as  shown  in  Figs.  1  and  2,  since  a  grid  elec- 
trode  having  a  transmittance  of  75%  is  generally  em- 
ployed  as  the  grid  electrode  6,  25%  of  the  incident 

so  light  does  not  reach  the  photocathode  2.  Therefore, 
the  transmittance  for  the  incident  light  entering  the 
photomultiplier  according  to  the  present  invention  is 
extremely  improved. 

Furthermore,  in  the  conventional  photomultiplier 
55  as  shown  in  Fig.  3,  there  also  arises  a  problem  asso- 

ciated  with  manufacture.  That  is,  conventionally,  in  a 
manufacturing  process  of  the  photocathode  2,  an  al- 
kali  metal  used  for  producing  a  photosurface  flows 
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and  reaches  the  photosurface  as  shown  by  the  dotted 
lines  in  Fig.  3.  However,  when  the  glass  pate  7  is 
placed  in  the  flow-path  of  the  alkali  metal,  the  alkali 
metal  can  not  be  uniformly  led  to  the  photocathode  2. 
As  a  result,  in  the  conventional  photomultiplier,  it  is 
very  difficult  to  form  a  uniform  photosurface.  In  con- 
trast,  in  the  present  embodiment,  since  such  a  glass 
plate  7  is  not  employed,  the  uniform  photosurface  can 
be  produced  readily. 

In  the  present  embodiment,  there  is  no  conven- 
tional  grid  electrode  between  the  light  entrance  por- 
tion  15  and  the  photocathode  16,  and  the  transparent 
conductive  film  19,  to  which  a  predetermined  poten- 
tial  is  applied,  formed  on  the  light  entrance  portion  15 
functions  as  a  focusing  electrode.  Therefore,  an  elec- 
tric  field  for  focusing  photoelectrons,  formed  between 
the  photocathode  16  and  the  dynode  17a  of  the  first 
stage  of  the  electron  multiplying  unit  17,  spreads  up 
to  the  position  near  the  inside  wall  surface  of  the  light 
entrance  portion  15  of  the  glass  bulb  11.  As  a  result, 
the  photoelectrons,  which  are  generated  from  the 
photocathode  16  and  which  exist  in  the  vicinity  of  the 
photocathode  16,  are  guided  due  to  the  electric  field 
for  focusing  and  accelerated  toward  the  dynode  17a 
of  the  first  stage.  Consequently,  the  photosensitivity 
of  the  photomultiplier  according  to  the  present  em- 
bodiment  is  improved  when  compared  with  that  of  the 
photomultiplier  shown  in  Figs.  1  and  2  by  20%  or 
more,  and  the  SN  ratio  which  is  the  ratio  of  the  input 
signal  to  the  noise  is  improved  in  the  present  embodi- 
ment. 

In  the  present  embodiment,  since  the  predeter- 
mined  potential  is  applied  to  the  transparent  conduc- 
tive  film  19  formed  on  the  inside  wall  surface  of  the 
light  entrance  portion  15  of  the  glass  bulb  11,  the  un- 
stableness  of  the  potential  on  the  inside  wall  surface 
of  the  glass  bulb  11  is  eliminated.  Therefore,  even  if 
the  photoelectrons  collide  with  the  inside  wall  surface 
of  the  glass  bulb  11,  the  potential  of  the  inside  wall 
surface  of  the  glass  bulb  11  immediately  returns  to 
the  predetermined  potential,  that  is,  -1KV,  and  hence 
the  change  of  the  potential  of  the  inside  wall  surface 
of  the  glass  bulb  11  is  performed  at  high  speed.  It  is 
considered  that  the  photoelectrons  from  the  photoca- 
thode  16  collide  with  the  light  entrance  portion  15  of 
the  glass  bulb  11  and  the  portion  is  charged,  whereby 
the  potential  of  the  portion  becomes  unstable  and  an 
electron  track  of  photoelectrons  is  influenced.  There- 
fore,  the  hysteresis  of  the  photomultiplier  becomes 
extremely  small. 

On  the  other  hand,  the  conventional  grid  elec- 
trode  6  shown  in  Figs.  1  and  2  plays  not  only  a  role 
as  an  electron  lens  but  also  a  role  for  improving  the 
hysteresis  characteristic.  Therefore,  in  the  conven- 
tional  grid  electrode  6  shown  in  Figs.  1  and  2,  the  pho- 
toelectrons  moving  from  the  photocathode  2  to  the 
light  entrance  portion  5  are  intercepted  by  stringing 
the  conductive  wire  6c  on  a  plane  in  front  of  the  entire 

front  surface  of  the  photocathode  2.  However,  some 
photoelectrons  pass  between  the  lattices  of  the  grid 
electrode  6  and  reach  the  light  entrance  portion  5, 
and  hence  the  improvement  of  the  hysteresis  charac- 

5  teristic  has  a  limitation.  Further,  in  the  conventional 
photomultiplier  disclosed  in  JP-A-4-292843  in  which 
the  hysteresis  characteristic  is  improved  by  forming 
the  conductive  portion  on  the  inside  wall  surface  of 
the  glass  bulb,  there  also  arises  the  above-mentioned 

10  problem  of  the  reduction  in  the  transmittance  since 
the  grid  electrode  is  placed  in  front  of  the  photoca- 
thode.  However,  in  the  photomultiplier  according  to 
the  present  embodiment,  as  described  above,  the 
hysteresis  of  the  photomultiplier  is  exceedingly  small. 

15  In  the  above  explanation  of  the  embodiment,  the 
case  where  the  transparent  conductive  film  19  is 
partly  formed  on  the  front  of  the  light  entrance  portion 
15  has  been  described.  However,  As  shown  in  Fig.  6, 
a  transparent  conductive  film  19a  may  be  formed  on 

20  the  side  portion,  including  the  light  entrance  portion 
15,  of  the  glass  bulb  11  along  the  perimeter  of  the 
glass  bulb  11.  However,  a  plate  spring  41  (see  Fig.  4) 
for  fixing  the  insulating  material  substrate  12a  to  the 
glass  bulb  11  is  fixed  to  an  end  of  a  rod  for  supporting 

25  the  dynode  17,  and  hence  the  plate  spring  41  is  elec- 
trically  connected  to  the  dynode  17.  Therefore,  the 
transparent  conductive  film  19a  is  not  formed  on  the 
upper  portion  of  the  glass  bulb  11  so  that  the  trans- 
parent  conductive  film  19a  does  not  contact  with  the 

30  plate  spring  41  .  Even  if  the  transparent  conductive 
film  19a  is  employed,  advantages  similar  to  the 
above-mentioned  embodiment  are  obtained.  In  Fig. 
6,  portions  identical  to  those  of  Figs.  4  and  5  are  re- 
ferred  to  by  the  same  reference  numerals,  and  there- 

35  fore-will  not  be  described. 
Next,  a  photomultiplier  according  to  a  second  em- 

bodiment  of  the  present  invention  will  be  described. 
Fig.  7  is  a  cross-sectional  view  of  the  photomul- 

tiplier  according  to  the  second  embodiment.  In  Fig.  7, 
40  portions  identical  to  those  of  Figs.  4  and  5  are  referred 

to  by  the  same  reference  numerals,  and  therefore  will 
not  be  described.  The  present  embodiment  differs 
from  the  first  embodiment  in  a  shape  of  a  photoca- 
thode  21.  That  is,  in  the  present  embodiment,  there 

45  is  no  rod  on  the  light  entrance  portion  1  5  side  of  the 
photocathode  21  ,  and  an  end  of  the  light  entrance 
side  of  the  photocathode  21  is  fixed  to  a  shield  plate 
22  by  weld.  In  this  way,  the  photocathode  21  has  a 
structure  which  functions  also  as  a  shield  plate.  Fur- 

50  ther,  since  there  is  no  conventional  grid  electrode  be- 
tween  the  light  entrance  portion  15  and  the  photoca- 
thode  21  ,  the  photocathode  21  can  be  expanded  to  a 
portion  interfered  by  the  conventional  grid  electrode. 
That  is,  the  end  of  the  light  entrance  portion  15  of  the 

55  photocathode  21  can  be  extended  to  a  position  ex- 
tremely  close  to  the  inside  wall  surface  of  the  glass 
bulb  11  ,  so  that  the  effective  light-receptive  area  is  in- 
creased.  For  example,  in  the  present  embodiment, 

4 
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the  width  of  photocathode  21  in  a  direction  perpendic- 
ular  to  the  light  entrance  direction  is  about  3mm  wider 
than  that  of  the  photocathode  2  of  the  conventional 
photomultiplier  shown  in  Figs.  1  and  2.  As  a  result,  in 
the  present  embodiment,  the  photosensitivity  of  the 
photomultiplier  is  increasingly  improved. 

Further,  as  is  apparent  from  Figs.  8  and  9,  in  the 
second  embodiment,  the  electric  field  for  focusing 
photoelectrons  is  extremely  widespread.  Fig.  8 
shows  the  electric  field  for  focusing  which  is  formed 
in  the  conventional  photomultiplier  shown  in  Figs.  1 
and  2.  In  Fig.  8,  portions  identical  or  corresponding  to 
those  of  Figs.  1  and  2  are  referred  to  by  the  same  ref- 
erence  numerals,  and  therefore  will  not  be  described. 
Fig.  9  shows  the  electric  field  for  focusing  which  is 
formed  in  the  photomultiplier  according  to  the  second 
embodiment.  In  Fig.  9,  portions  identical  or  corre- 
sponding  to  those  of  Fig.  7  are  referred  to  by  the  same 
reference  numerals,  and  therefore  will  not  be  descri- 
bed. 

In  the  conventional  structure  shown  in  Fig.  8,  the 
electric  field  for  focusing  photoelectrons  is  formed  by 
the  photocathode  2,  the  grid  electrode  6  and  the  dy- 
nodes  3a  and  3b.  Due  to  this  electric  field,  an  electron 
lens  is  formed  between  the  photocathode  2  and  the 
dynode  3a,  thereby  the  photoelectrons  trace  the  elec- 
tron  track  shown  in  the  figure.  However,  in  this  con- 
ventional  structure,  since  there  is  the  grid  electrode 
6  between  the  light  entrance  portion  and  the  photo- 
cathode  2,  the  permeation  of  the  electric  field  for  fo- 
cusing  photoelectrons  is  weak  in  a  region  A  of  the 
photocathode  2  in  the  vicinity  of  the  inside  wall  sur- 
face  of  the  glass  bulb  11.  Therefore,  the  photoelec- 
trons  which  exit  in  this  region  Aamong  the  photoelec- 
trons  emitted  from  the  photocathode  2  is  not  effi- 
ciently  guided  to  the  dynode  3a  of  the  first  stage. 

On  the  other  hand,  in  the  structure  according  to 
the  present  embodiment  shown  in  Fig.  9,  since  there 
is  no  grid  electrode  such  as  the  conventional  grid 
electrode  between  the  light  entrance  portion  and  the 
photocathode  21,  as  described  above,  the  end  of  the 
photocathode  21  can  be  extended  to  the  vicinity  of  the 
inside  wall  surface  of  the  glass  bulb  11  without  being 
interfered  by  the  grid  electrode.  Consequently,  the 
electric  field  for  focusing  photoelectrons  is  formed  to 
expand  to  the  vicinity  of  the  inside  wall  surface  of  the 
glass  bulb  11,  whereby  the  electric  field  sufficiently 
permeates  also  in  the  region  in  which  the  permeation 
of  the  electric  field  is  conventionally  weak  so  that  the 
electron  track  shown  in  the  figure  is  formed.  As  a  re- 
sult,  most  of  the  photoelectrons  emitted  from  the  pho- 
tocathode  21  having  the  large  size  of  the  effective 
light-receiving  area  is  efficiently  guided  to  the  dynode 
1  7a  of  the  fist  stage,  and  therefore  the  photosensitiv- 
ity  of  the  photomultiplier  is  increasingly  improved  so 
that  the  SN  ratio  is  extremely  improved. 

Next,  a  photomultiplier  according  to  a  third  em- 
bodiment  of  the  present  invention  will  be  described. 

Fig.  10  is  a  side  view,  partly  in  vertical  section,  of 
the  photomultiplier  according  to  the  third  embodi- 
ment,  and  Fig.  11  is  a  cross-sectional  view  thereof.  In 
Figs.  10  and  11,  portions  identical  or  corresponding  to 

5  those  of  Figs.  4,  5  and  7  are  referred  to  by  the  same 
reference  numerals,  and  therefore  will  not  described. 
The  present  embodiment  differs  from  the  second  em- 
bodiment  in  the  structure  of  the  electron  multiplying 
unit  17.  That  is,  in  each  of  dynodes  17A,  17B,  17Cand 

10  17D  of  fist,  second,  third  and  fourth  stages  constitut- 
ing  the  electron  multiplying  unit  17,  as  shown  in  Fig. 
12,  the  middle  portion  of  a  supporting  rod  31a  which 
exists  at  the  light  entrance  side  between  two  support- 
ing  rods  31a  and  31b  is  eliminated.  In  Fig.  12,  the  dy- 

15  node  17A  is  shown  as  a  representative  of  these  dy- 
nodes.  Since  the  middle  portion  of  the  supporting  rod 
31a  is  eliminated  in  this  way,  it  is  prevented  that  the 
photoelectrons  accelerated  by  the  electric  field  for  fo- 
cusing  is  attracted  by  the  supporting  rod  during  the 

20  drift  to  bend  the  electron  track  like  the  conventional 
structure  shown  in  Fig.  8.  Therefore,  the  photoelec- 
trons  emitted  from  the  photocathode  21  and  the  pho- 
toelectrons  secondary-electron-multiplied  in  the  dy- 
nodes  of  the  respective  stages  surely  reach  the  dy- 

25  nodes  of  the  next  stages,  respectively.  As  a  result,  in 
the  structure  of  the  photomultiplier  according  to  the 
present  embodiment,  the  photosensitivity  is  increas- 
ingly  improved. 

Next,  a  photomultiplier  according  to  a  fourth  em- 
30  bodiment  of  the  present  invention  will  be  described. 

Fig.  13  is  a  side  view,  partly  in  vertical  section,  of 
the  photomultiplier  according  to  the  fourth  embodi- 
ment.  In  Fig.  13,  portions  identical  or  corresponding 
to  those  of  Figs.  4,  5  and  7  are  referred  to  by  the  same 

35  reference  numerals,  and  therefore  will  not  be  descri- 
bed.  The  present  embodiment  differs  from  the  above- 
mentioned  second  embodiment  in  a  structure  for  fix- 
ing  the  insulating  material  substrates  12a  and  12b 
supporting  the  photocathode  21  and  dynodes  17  to 

40  the  glass  bulb  11.  That  is,  in  the  structure  shown  in 
Figs.  4  and  5,  a  part  of  the  plate  spring  41  having  a 
shape  extending  along  a  direction  of  a  circumference 
of  the  insulating  material  substrate  12a  is  fixed  to  an 
end  of  the  supporting  rods  of  the  dynode  1  7.  The  plate 

45  spring  41  contacts  with  the  inside  wall  of  the  glass 
bulb  11  at  a  plurality  of  positions.  Due  to  the  elastic 
force  of  the  plate  spring  41  toward  the  outside  in  a  di- 
rection  of  a  radius  of  the  insulating  material  substrate 
12a,  the  supporting  rods  of  the  dynode  17  and  the  in- 

50  sulating  material  substrate  12a  fixed  to  the  support- 
ing  rods  are  supported  by  and  fixed  to  the  inside  wall 
of  the  glass  bulb  11. 

However,  in  the  photomultiplier  shown  in  Fig.  13 
according  to  the  present  embodiment,  a  plurality  of 

55  spring  plates  51  is  provided  between  the  two  insulat- 
ing  material  substrates  12a  and  12b  at  a  plurality  of 
positions.  Two  ends  of  each  of  the  sprig  plates  51  are 
engaged  with  the  circumference  portions  of  the  insu- 

5 
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lating  material  substrates  12a  and  12b,  respectively. 
The  middle  portions  of  each  of  the  spring  plates  51 
contact  with  the  inside  wall  of  the  glass  bulb  11.  Due 
to  the  elastic  force  of  each  of  the  spring  plates  51  to- 
ward  the  outside  from  the  longitudinal  center  axis  of 
the  glass  bulb  11,  the  insulating  material  substrates 
12a  and  12b  are  supported  by  and  fixed  to  the  inside 
wall  of  the  glass  bulb  11. 

Since  the  spring  plates  51  electrically  float,  in  the 
present  embodiment,  even  if  the  transparent  conduc- 
tive  film  constituting  the  electrode  for  focusing  con- 
tacts  electrically  with  the  spring  plates  51,  the  elec- 
tron  multiplying  function  is  not  influenced.  That  is,  in 
the  present  embodiment,  the  transparent  conductive 
film  19  may  be  partly  formed  on  only  the  place  corre- 
sponding  to  the  light  entrance  portion  15  as  shown  in 
Fig.  14  in  a  manner  similar  to  the  second  embodi- 
ment,  and  the  transparent  conductive  film  19b  may 
be  formed  on  the  whole  of  the  inside  wall  surface  of 
the  glass  bulb  11  as  shown  in  Fig.  15.  In  Figs.  14  and 
1  5,  portions  identical  or  corresponding  to  those  of  Fig. 
7  are  referred  to  by  the  same  reference  numerals,  and 
therefore  will  not  be  described.  When  the  transparent 
conductive  film  19b  is  formed  on  the  whole  of  the  in- 
side  wall  surface  as  shown  in  Fig.  15,  the  manufac- 
turing  process  in  which  the  transparent  conductive 
film  is  selectively  formed  on  only  the  place  corre- 
sponding  to  the  light  entrance  portion  15  is  eliminat- 
ed.  Therefore,  according  to  the  photomultiplier  having 
the  structure  shown  in  Fig.  15,  an  advantage  that  the 
manufacturing  process  is  simplified  is  obtained  in  ad- 
dition  to  advantages  similar  to  the  above-mentioned 
second  embodiment. 

From  the  invention  thus  described,  it  will  be  ob- 
vious  that  the  invention  may  be  varied  in  many  ways. 
Such  variations  are  not  to  be  regarded  as  a  departure 
from  the  spirit  and  scope  of  the  invention,  and  all  such 
modifications  as  would  be  obvious  to  one  skilled  in 
the  art  are  intended  to  be  included  within  the  scope 
of  the  following  claims. 

The  basic  Japanese  Application  No.309371/1  993 
filed  on  December  9,  1993  is  hereby  incorporated  by 
reference. 

Claims 

1  .  A  photomultiplier  comprising: 
a  transparent  closed  container  including  a 

light  entrance  portion; 
a  reflection  type  photocathode,  provided 

in  said  closed  container,  for  emitting  photoelec- 
trons  in  response  to  an  incident  light  transmitted 
through  said  light  entrance  portion; 

a  transparent  conductive  film  formed  on 
an  inside  wall  surface  of  said  light  entrance  por- 
tion  of  said  closed  container,  a  predetermined  po- 
tential  being  applied  to  said  film; 

an  electron  multiplying  unit,  including  plu- 
ral  stages  of  dynodes,  for  electron-multiplying 
said  photoelectrons  emitted  from  said  reflection 
type  photocathode;  and 

5  an  anode  for  collecting  said  multiplied 
electrons. 

2.  A  photomultiplier  according  to  claim  1,  wherein 
said  transparent  conductive  film  is  formed  in  a 

10  manner  that  chromium  is  evaporated  onto  said  in- 
side  wall  surface  of  said  closed  container. 

3.  A  photomultiplier  according  to  claim  1  or  2,  fur- 
ther  comprising: 

15  a  pad  adhered  to  said  inside  wall  surface 
of  said  closed  container  so  as  to  electrically  con- 
tact  with  said  transparent  conductive  film;  and 

a  terminal  electrically  contacting  with  said 
pad,  a  part  of  said  terminal  being  exposed  to  an 

20  outside  of  said  closed  container; 
wherein  said  predetermined  potential  is 

applied  through  said  pad  and  said  terminal  to  said 
transparent  conductive  film. 

25  4.  A  photomultiplier  according  to  any  preceding 
claim,  wherein  the  same  negative-polarity  poten- 
tial  is  applied  and  said  photocathode  and  said 
transparent  conductive  film,  aground  potential  is 
applied  to  said  anode,  and  an  appropriate  poten- 

30  tial  which  divides  a  voltage  between  said  nega- 
tive-polarity  potential  and  said  ground  potential  is 
applied  to  each  of  said  dynodes,  respectively. 

5.  A  photomutiplier  according  to  any  preceding 
35  claim,  further  comprising  a  shield  plate  provided 

at  the  rear  of  said  photocathode,  wherein  an  end 
of  a  light  entrance  side  of  said  photocathode  is 
fixed  to  an  end  of  a  light  entrance  side  of  said 
shield  plate. 

40 
6.  A  photomultiplier  according  to  claim  1,  further 

comprising: 
a  pair  of  insulating  material  substrates  for 

supporting  said  photocathode,  said  electron  mul- 
45  tiplying  unit  and  said  anode;  and 

a  plate  spring  having  a  shape  extending 
along  a  direction  of  a  circumference  of  said  insu- 
lating  material  substrate,  a  part  of  said  plate 
spring  being  fixed  to  an  end  of  a  supporting  rod 

so  of  said  dynode  constituting  said  electron  multi- 
plying  unit,  a  part  of  said  plate  spring  contacting 
with  said  inside  wall  of  said  closed  container; 

wherein  said  supporting  rod  and  said  insu- 
lating  material  substrate  fixed  to  the  supporting 

55  rod  are  supported  by  and  fixed  to  said  inside  wall 
of  said  closed  container,  due  to  an  elastic  force  of 
said  plate  spring  toward  an  outside  of  said  closed 
container  in  a  direction  of  a  radius  of  said  insulat- 

6 
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ing  material  substrate. 

7.  A  photomultiplier  according  to  claim  6,  wherein 
said  transparent  conductive  film  is  formed  on  a 
side  wall  of  an  inside  of  said  closed  wall  at  a  area  5 
in  which  said  transparent  conductive  film  does 
not  electrically  contact  with  said  plate  spring,  said 
area  including  said  place  corresponding  to  said 
light  entrance  portion. 

10 
8.  A  photomultiplier  according  to  claim  1,  further 

comprising: 
a  pair  of  insulating  material  substrates  for 

supporting  said  photocathode,  said  electron  mul- 
tiplying  unit  and  said  anode;  and  15 

a  spring  plate  of  which  two  ends  are  en- 
gaged  with  said  insulating  material  substrates, 
respectively,  a  middle  portion  of  said  spring  plate 
contacting  with  said  inside  wall  of  said  closed 
container;  20 

wherein  said  insulating  material  sub- 
strates  are  supported  by  and  fixed  to  said  inside 
wall  of  said  closed  container,  due  to  an  elastic 
force  of  said  spring  plate  toward  an  outside  of 
said  closed  container  from  a  longitudinal  center  25 
axis  of  said  closed  container. 

dynode  constituting  portion  are  eliminated  is  at 
least  the  dynode  of  a  first  stage  into  which  said 
photoelectrons  emitted  from  said  photocathode 
enters  directly. 

12.  A  photomultiplier  in  which  a  transparent  conduc- 
tive  film  is  formed  over  the  inner  surface  of  a  light 
entrance  portion  of  a  container  for  the  photomul- 
tiplier  to  receive  a  photoelectron  guiding  potential 
thereon. 

9.  A  photomultiplier  according  to  claim  8,  wherein 
said  transparent  conductive  film  is  formed  on  the 
whole  of  said  inside  wall  surface  of  said  closed  30 
container. 

10.  A  photomultiplier  comprising: 
a  transparent  closed  container  including  a 

light  entrance  portion;  35 
a  reflection  type  photocathode,  provided 

in  said  closed  container,  for  emitting  photoelec- 
trons  in  response  to  an  incident  light  transmitted 
through  said  light  entrance  portion; 

an  electron  multiplying  unit,  including  plu-  40 
ral  stages  of  dynodes,  for  electron-multiplying 
said  photoelectrons  emitted  from  said  reflection 
type  photocathode; 

an  anode  for  collecting  said  multiplied 
electrons;  and  45 

a  pair  of  insulating  material  substrates  for 
supporting  said  photocathode,  said  electron  mul- 
tiplying  unit  and  said  anode; 

wherein  a  middle  portion  of  light  entrance 
side  one  of  a  pair  of  supporting  rods  for  support-  50 
ing  said  dynodes  constituting  said  electron  mul- 
tiplying  unit  to  said  insulating  material  substrates 
is  eliminated,  and  a  dynode  constituting  portion 
which  is  wound  around  said  supporting  rod  of  the 
light  entrance  side  is  eliminated.  55 

11.  A  photomultiplier  according  to  claim  10,  wherein 
said  dynode  of  which  said  middle  portion  and  said 

7 
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