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©  A  microchannel  plate  achieves  a  lower  noise 
figure  by  providing  an  output  electrode  (126)  com- 
prising  a  conductive  layer  which  closes  off  at  least 
10  percent  of  the  open  area  (132)  of  the  output  end 
of  its  multitude  of  channels.  The  preferred  range  of 
closure  is  10  to  85  percent  and  75  percent  closure  is 
particularly  useful.  The  plate  finds  application  in  a 
wafer  tube  image  intensifier.  The  invention  also  in- 
cludes  a  method  of  making  such  a  plate  and  a 
method  of  limiting  feedback,  in  particular  X-ray  feed- 
back,  in  a  wafer  image  intensifier  using  such  a  plate. 
Said  conductive  layer  (126)  and/or  microchannel 
may  in  addition  be  textured. 
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This  invention  results  in  an  improved  Micro- 
channel  Plate  (MCP)  which  allows  a  lower  noise 
figure  proximity-focussed  image  intensifier  to  be 
fabricated  than  is  possible  using  present  state  of 
the  art  MCPs.  Scintillation  noise  is  substantially 
reduced  from  prior  art  image  intensifiers.  This  is  a 
result  of  limiting  the  magnitude  of  x-ray,  optical, 
and  ion  feedback  from  tube  components  on  the 
output  side  of  the  MCP  to  the  photocathode  or 
MCP  channel  walls. 

MicroChannel  plates  are,  for  example,  an  es- 
sential  component  for  fabrication  of  wafer  tube  im- 
age  intensifiers.  Figures  1-4  illustrate  standard  prior 
art  devices  and  their  operation.  As  shown  in  Figure 
1  a  proximity-focussed  wafer  tube  image  intensifier 
10  includes  an  input  window  12  of  glass  or  a  fiber 
optic  face  plate  onto  the  back  of  which  is  applied  a 
photocathode  14.  The  microchannel  plate  16  is 
spaced  from  and  mounted  parallel  with  the 
photocathode  14,  and  down  stream  of  the  micro- 
channel  plate  16  a  phosphor  screen  20  is  provided 
on  an  output  window  18  in  the  form  of  another  fiber 
optics  faceplate  or  glass.  The  input  window  12  and 
output  window  18  are  mounted  on  opposite  ends  of 
a  vacuum  housing  22  with  the  microchannel  plate 
16  contained  therebetween  within  the  vacuum 
housing.  The  tube  is  provided  with  electrical  leads 
for  applying  appropriate  desired  voltages  to  the 
photocathode  14,  an  input  electrode  24  (see  Figure 
2)  on  the  front  and  an  output  electrode  26  (see 
Figure  2)  on  the  back  of  the  microchannel  plate  16 
and  phosphor  screen  20. 

The  three  main  components  of  a  wafer  tube  10 
are  the  photocathode  14,  the  microchannel  plate 
16,  and  the  output  phosphor  screen  20.  The 
photocathode  14  converts  incident  photons  into 
photoelectrons.  Generation-ll  wafer  tubes  use  an 
alkali  antimonide,  positive  affinity,  photocathode. 
Generation-Ill  wafer  tubes  use  a  GaAs,  negative 
electron  affinity,  photocathode.  The  microchannel 
plate  16  serves  as  a  high  resolution  electron  multi- 
plier  which  amplifies  the  photoelectron  image.  As 
used  in  an  image  intensifier  the  MCP  typically  has 
an  electron  gain  of  100-1000.  The  amplified  signal 
is  accelerated  by  a  6  kv  bias  into  the  phosphor 
screen  20  which  converts  the  electron  energy  into 
output  light  allowing  the  image  to  be  viewed. 

The  microchannel  plate  16  as  shown  enlarged 
in  Figure  2  consists  of  an  array  of  miniature  chan- 
nel  multipliers  28  of  hollow  glass  fibers  fused  to- 
gether  and  surrounded  by  a  solid,  glass  border  ring 
30.  As  shown  in  Figure  3  each  channel  multiplier 
28  detects  and  amplifies  incident  radiation  and 
particles  such  as  electrons  or  ions.  The  channel 
multiplier  concept  is  based  on  the  continuous 
dynode  electron  multiplier  first  suggested  by  P.T. 
Farnsworth,  U.S.  Patent  1,969,399.  The  channel 
multiplier  28  consists  of  a  hollow  tube  coated  on 

the  interior  surface  by  a  secondary  electron  emit- 
ting  semiconductor  layer  32.  This  layer  32  emits 
secondary  electrons  in  response  to  bombardment 
by  electromagnetic  radiation  or  particles  such  as 

5  electrons.  The  input  and  output  metal  electrodes  24 
and  26  are  provided  on  each  end  of  the  tube  28  to 
allow  a  bias  voltage  to  be  applied  across  the  chan- 
nel.  This  bias  voltage  creates  an  axial  electric  field 
which  accelerates  the  emitted  secondary  electrons 

io  down  the  channel  28.  The  secondary  electrons 
strike  the  wall  again  releasing  additional  secondary 
electrons.  This  process  repeats  as  the  electrons 
are  accelerated  down  the  channel.  This  results  in 
amplification  of  the  input  photon  or  particle.  A  large 

75  pulse  of  electrons  is  emitted  from  the  output  end  of 
the  channel  28  in  response  to  the  input  photon  or 
particle. 

In  the  typical  microchannel  plate  16,  channel 
diameters  can  be  as  small  as  a  few  microns.  For 

20  image  intensification  devices  channel  diameters  are 
typically  10-12  microns.  The  channels  typically 
have  a  length  to  diameter  ratio  of  40.  The  channel 
axes  are  typically  biased  at  a  small  angle  (5°) 
relative  to  the  normal  to  the  MCP  surface.  The  bias 

25  angle  ensures  that  ions  generated  at  the  tube  an- 
ode  cannot  be  accelerated  down  the  channel,  but 
strike  the  channel  wall  near  the  back  of  the  MCP. 
This  reduces  ion  feedback  noise  in  the  MCP  and 
eliminates  ion  feedback  from  the  phosphor  screen 

30  to  the  photocathode. 
A  typical  plate  may  contain  an  active  region  18 

mm  in  diameter  and  contains  over  a  million  chan- 
nels.  The  plate  is  fabricated  from  a  glass  wafer. 
The  wafer  is  cut  from  a  boule  formed  by  fusing 

35  together  glass  fibers.  The  glass  fibers  are  com- 
posed  of  a  core  glass  surrounded  by  a  clad  glass 
of  a  different  composition.  After  the  glass  wafers 
are  sliced  from  the  boule,  the  core  glass  is  re- 
moved  by  a  selective  etching  process  thus  forming 

40  the  hollow  channels.  The  plates  are  fired  in  hy- 
drogen  which  reduces  the  exposed  glass  surface 
thereby  forming  a  semiconducting  layer  on  the 
channel  wall  surface.  The  thin  silica  layer  32  re- 
sides  on  the  semiconducting  layer  forming  the  sec- 

45  ondary  electron  emissive  surface. 
Traditionally,  the  input  and  output  electrodes 

24  and  26  are  formed  on  each  surface  of  the  plate 
by  deposition  of  a  thin  metallization  layer.  The 
layer  thickness  is  typically  on  the  order  of  800  A 

50  for  the  input  electrode  24  and  1100  A  for  the 
output  electrode  26.  Figure  4  is  an  electron  micro- 
scopic  view  of  a  cross  sectioned  MCP  in  the  region 
of  the  output  electrode.  The  metallization  thickness 
(1100  A)  is  so  thin  relative  to  the  channel  diameter 

55  (10  microns)  as  to  not  be  visible  in  the  photograph. 
Nichrome  or  inconel  are  the  commonly  used  elec- 
trode  materials.  These  materials  are  used  because 
of  their  good  adhesion  to  the  glass  surface  of  the 
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MCP. 
The  input  electrode  24  is  deposited  by  vacuum 

evaporation  with  a  collimated  beam  of  metal  atoms. 
The  beam  is  incident  at  a  steep  angle  relative  to 
the  MCP  surface  to  minimize  penetration  of  the 
metal  down  the  MCP  channels.  The  MCP  is  rotated 
during  the  metallization  process  to  result  in  uniform 
coverage  of  the  plate  surface  and  penetration  of 
the  channel.  The  practical  limit  is  one  half  of  a 
channel  diameter  penetration  of  the  metal  down  the 
channel.  It  is  desirable  to  limit  the  channel  penetra- 
tion  as  the  commonly  used  metals,  inconel  or  nich- 
rome,  have  a  very  low  secondary  electron  emission 
coefficient.  If  the  primary  particle  or  photon  strikes 
the  metallized  channel  wall  a  secondary  electron 
may  not  be  generated.  Thus  the  gain  of  the  MCP  is 
lowered.  More  importantly  the  noise  performance 
of  the  MCP  suffers  as  some  of  the  primary  par- 
ticles  are  not  detected  if  they  strike  the  metallized 
channel  wall.  The  noise  performance  of  the  MCP  is 
also  degraded  by  the  broad  single  particle  gain 
distribution  which  results  from  the  variation  in  gain 
depending  upon  whether  the  primary  particle 
strikes  the  input  metallization  24  or  the  secondary 
electron  emitting  layer  32. 

The  output  electrode  26  is  also  deposited  by 
vacuum  evaporation  with  a  collimated  beam  of 
metal  atoms.  In  this  case  the  incident  angle  is 
adjusted  along  with  the  MCP  rotation  to  allow 
deeper  penetration  of  the  channel  by  the  metal. 
Typically  the  metal  penetrates  1.5  to  3.0  channel 
diameters.  This  is  known  as  endspoiling  to  those 
familiar  in  the  art  of  MCP  manufacture.  The  gain  of 
the  MCP  is  reduced  by  this  procedure.  However 
this  gain  reduction  is  more  than  offset  by  other, 
desirable,  characteristics  which  result  from  this  pro- 
cedure  for  MCPs  which  are  used  in  image  intensi- 
fiers.  In  particular,  the  output  electron  energy  dis- 
tribution  of  endspoiled  MCPs  is  much  more  uni- 
form  than  from  plates  with  no  endspoiling  as  de- 
scribed  by  N.  Koshida  "Effects  of  Electrode  Struc- 
ture  on  Output  Electron  Energy  Distribution  of 
MicroChannel  Plates",  Rev.  Sci.  Instrum.,  57(3),  354 
(1986).  This  allows  image  intensifiers  with  higher 
resolution  to  be  manufactured  with  end  spoiled 
MCPs  due  to  the  improved  electron  optics  which 
result  from  the  uniform  output  electron  energy  dis- 
tribution. 

The  improved  emitted  electron  energy  distribu- 
tion  which  results  from  endspoiling  is  due  to  the 
fact  that  the  majority  of  the  emitted  electrons  are 
secondaries  from  the  metallized  channel  walls 
which  form  the  endspoiled  region.  These  secon- 
daries  are  given  off  when  an  electron  emitted  from 
farther  up  the  channel  is  accelerated  down  the 
channel  by  the  axial  electric  field  and  strikes  the 
metallized  region  at  the  output  of  the  channel.  The 
axial  electric  field  in  the  endspoiled  region  is  zero 

due  to  the  high  conductivity  of  the  metal.  Therefore 
the  emitted  electrons  are  not  accelerated  after 
emission  resulting  in  a  more  uniform  emitted  elec- 
tron  energy  distribution. 

5  The  noise  performance  of  an  image  intensifier 
is  critical  to  its  usefulness  as  a  low  light  level 
imager.  The  noise  performance  is  typically  char- 
acterized  by  the  noise  factor,  Kf,of  the  image  inten- 
sifier.  The  noise  factor  of  an  image  intensifier  has 

io  been  considered  to  be  largely  determined  by  the 
noise  performance  of  the  MCP  in  the  past.  The 
noise  factor  can  be  defined  by  the  following  equa- 
tion. 

15  SNRtn 
K£  = 

S N R ^  

20  SNR  is  the  signal-to-noise  power  ratio.  SNRin  is  the 
SNR  of  the  input  electron  flux  to  the  MCP.  In  an 
image  intensifier  this  is  also  the  SNR  of  the 
photoelectron  flux  from  the  photocathode.  SNR0Ut 
is  the  SNR  of  the  output  photon  flux  from  the 

25  image  intensifier  phosphor  screen.  Both  ratios  are 
measured  over  the  same  noise  bandwidth.  The 
noise  factor  can  also  be  defined  where  SNR0Ut  is 
the  SNR  of  the  output  electron  flux  from  the  MCP. 
In  this  instance  the  noise  factor  is  that  of  the  MCP 

30  alone.  The  noise  factor  results  presented  in  this 
disclosure  are  given  in  terms  of  that  for  an  image 
intensifier  where  SNRin  is  for  the  photoelectron  flux 
from  the  photocathode  and  SNR0Ut  is  for  the  pho- 
ton  flux  from  the  intensifier  phosphor  screen. 

35  The  noise  performance  of  a  MCP  based  image 
intensifier  can  be  further  degraded  by  various  feed- 
back  mechanisms.  The  feedback  mechanisms 
which  generate  noise  that  have  been  considered  in 
the  past  relate  to  internally  generated  ion  feedback 

40  in  the  MCP  or  optical  photon  feedback  from  the 
phosphor  screen  as  described  by  R.L.  Bell  "Noise 
Figure  of  the  MCP  Image  Intensifier  Tube",  IEEE 
Trans.  Elec.  Dev.  ED-22,  No.  10,  pages  821-829, 
October  (1975).  These  ions  can  generate  noise 

45  pulses  when  accelerated  back  toward  the  MCP 
input  where  secondary  electrons  are  generated 
when  the  ions  strike  the  channel  wall.  In  the  case 
of  a  Gen-ll  image  intensifier  the  ions  may  be  accel- 
erated  to  the  photocathode  generating  secondary 

50  electrons.  In  the  Gen-Ill  technology  ion  feedback 
from  the  MCP  to  the  photocathode  has  been  elimi- 
nated  by  applying  a  thin  (50  -  100  A)  film  over  the 
MCP  input  as  described  by  H.K.  Pollehn,  "Image 
Intensifiers'",  Applied  Optics  and  Optical  Engineer- 

55  ing,  Vol.  VI,  399,  Academic  Press,  (1980).  This  film 
is  semi-transparent  to  the  photoelectrons,  but  will 
stop  ions  from  bombarding  the  photocathode. 

Optical  photon  feedback  is  avoided  in  a  prior 

3 
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art  image  intensifier  by  ensuring  that  the  aluminum 
metallization  layer,  which  forms  the  anode  of  the 
tube  and  coats  the  phosphor,  is  sufficiently  thick  to 
completely  stop  penetration  of  light  generated  by 
the  phosphor  screen.  This  technique  is  effective 
and  generally  eliminates  any  significant  feedback 
by  optical  photons  to  the  MCP  or  photocathode. 
Optical  photons,  because  of  their  low  energy  (2  -  3 
eV),  can  also  generate  no  more  than  one 
photoelectron  upon  impact  with  the  MCP  input  or 
photocathode  and  thus  cannot  cause  the  large 
scintillations  observed  in  an  image  intensifier. 
Phosphor  screen  to  MCP  wall  ion  feedback  is 
somewhat  limited  in  the  prior  art  via  the  5°  bias 
angle  used  by  prior  art  MCPs. 

In  the  prior  art  it  has  been  noted  that  the  noise 
factor  of  an  image  intensifier  generally  increases  as 
the  photocathode  sensitivity  increases  for  a  given 
tube  process.  This  increase  in  noise  factor  de- 
grades  the  improvement  in  SNR  from  that  which 
would  be  expected  due  to  the  increase  in  cathode 
photoresponse,  and  this  increase  in  noise  factor  is 
particularly  evident  with  the  more  sensitive  GaAs 
photocathodes  used  with  the  Gen-Ill  image  intensi- 
fier  technology.  The  increase  in  noise  factor  with 
increasing  photoresponse  measured  for  a  typical 
Gen-Ill  image  intensifier  is  illustrated  in  Figure  5. 
One  cause  of  this  increase  is  now  understood  to  be 
caused  by  feedback  mechanisms  from  the  phos- 
phor  screen  in  the  image  intensifier.  In  particular,  x- 
ray  feedback  is  now  shown  to  be  a  significant 
feedback  mechanism  in  a  Gen-Ill  image  intensifier 
and  an  important  contributor  to  the  noise  factor  of  a 
Gen-Ill  image  intensifier 

prior  art  image  intensifiers  also  suffer  from 
large  scintillation  light  pulses  which  tend  to  de- 
grade  the  image  and  contribute  significantly  to  the 
noise  factor  of  the  tube.  These  scintillations  have 
been  attributed  to  ion  feedback  within  the  MCP  and 
to  the  photocathode  in  the  past.  The  new  mecha- 
nism  of  x-ray  feedback  from  the  anode  to  the  MCP 
channel  wall  or  photocathode  is  now  discovered  by 
this  invention  to  be  a  major  source  of  these  scin- 
tillations. 

The  electrons  emitted  from  the  MCP  are  typi- 
cally  accelerated  to  an  energy  of  6  keV  before 
striking  the  anode  and  exciting  the  phosphor.  Most 
of  the  electron  energy  is  converted  to  light  or  is 
lost  to  thermal  vibrations  of  the  aluminum  and 
phosphor  target.  A  small  fraction  of  the  energy  is 
converted  to  x-rays.  This  fraction  is  on  the  order  of 
.01%  of  the  incident  electron  energy. 

About  half  of  the  x-ray  energy  is  emitted  at  the 
characteristic  K-alpha  lines  of  the  target  material  as 
reported  by  K.F.  Galloway  et  al,  "Radiation  Dose  at 
the  Silicon-Sapphire  Interface  due  to  Electron- 
Beam  Aluminization"  J.  Appl.  Phys.,  49(4),  2586 
(1978),  in  particular  at  the  K-alpha  line  of  aluminum 

(1.487  KeV)  for  an  aluminized  phosphor  screen. 
The  ZnCdS  used  in  the  P-20  phosphor  which  is 
standard  for  an  image  intensifier  used  for  night 
vision  applications  will  have  higher  order  character- 

5  istic  x-ray  lines  when  bomberded  with  the  typical  6 
keV  electron  energy  used  in  an  intensifier.  The 
sulfur  will  have  a  characteristic  K-alpha  line  at  2.3 
keV.  Zinc  will  have  a  number  of  higher  order  char- 
acteristic  lines  below  1.1  keV,  while  cadmium  will 

io  have  a  number  of  higher  order  lines  near  3.5  keV. 
The  rest  of  the  x-rays  have  a  continuous  or  brems- 
strahlung  spectrum  of  energy  up  to  the  bombard- 
ment  energy  of  the  electron,  6  keV  in  this  example. 

A  GaAs  photocathode  is  a  very  efficient  x-ray 
is  detector  as  reported  by  D.  Bardas  et  al,  "Detection 

of  Soft  X-rays  with  NEA  lll-V  photocathodes"  Rev. 
Sci.  Instrum.,  49(9),  1273  (1978).  An  aluminum  K- 
alpha  x-ray  will  cause  the  emission  of  60  or  more 
photoelectrons  resulting  in  a  bright  scintillation  on 

20  the  phosphor  screen  and  a  higher  noise  factor.  The 
large  number  of  photoelectrons  created  per  ab- 
sorbed  x-ray  causes  the  large  contribution  to  noise 
factor  by  x-ray  feedback.  The  number  of  emitted 
photoelectrons  is  a  function  of  the  x-ray  energy 

25  and  the  electron  escape  probability  into  vacuum 
from  the  photocathode. 

X-ray  transmission  through  the  MCP  to  the 
photocathode  is  important  for  the  above  feedback 
process  to  the  photocathode  to  be  significant  in  an 

30  image  intensifier.  Significant  x-ray  transmission 
through  a  MCP  has  been  reported  by  P.I.  Bjork- 
holm  et  al,  "X-ray  Quantum  Efficiency  of  Micro- 
channel  Plates"  SPIE  Vol.  106,  189  (1977).  Bjork- 
holm  showed  that  at  glancing  angles  a  significant 

35  fraction  of  the  incident  x-rays  are  transmitted 
through  a  MCP.  The  transmitted  x-rays  are  those 
incident  on  the  MCP  at  an  angle  of  less  than  2  - 
10°.  As  the  x-ray  energy  increases,  the  angle  of 
incidence  required  for  transmission  decreases  as 

40  discussed  by  Bjorkholm.  Transmission  for  a  2° 
angle  of  incidence  or  less  results  in  transmission  of 
.0025  of  the  incident  x-rays  through  the  MCP.  This 
level  of  x-ray  transmission  is  significant  as  the 
MCP  gain  can  be  in  the  range  of  500  -  1000  which 

45  increases  the  number  of  generated  x-rays  per 
photoelectron  emitted  from  the  cathode. 

A  model  has  been  developed  for  the  noise 
factor  resulting  from  x-ray  generation  at  the  anode 
of  a  MCP  containing  Gen-Ill  wafer  tube.  The  model 

50  is  meant  to  illustrate  the  general  trends  expected 
from  x-ray  feedback  to  the  photocathode.  It  is  not 
intended  to  be  an  exact  model  as  all  of  the  re- 
quired  parameters  of  a  system  may  vary  from  the 
specifics  of  this  model. 

55  The  model  includes  x-ray  generation  for  an 
aluminum  anode  as  a  function  of  electron  bom- 
bardment  energy,  electron  generation  in  a  GaAs 
photocathode  as  a  function  of  x-ray  energy  and 

4 
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GaAs  thickness,  and  electron  escape  probability 
from  the  photocathode  surface.  MCP  x-ray  trans- 
mission  and  MCP  gain  are  also  included  in  the 
model.  A  MCP  x-ray  transmission  factor  of  .0025 
and  a  MCP  gain  of  750  are  used  in  the  model 
results  presented  in  this  disclosure.  The  baseline 
noise  factor  of  a  filmed  MCP,  not  including  the 
contribution  from  x-ray  feedback,  is  assumed  to  be 
3.  This  factor  is  primarily  due  to  the  62%  open 
area  ratio  of  the  MCP.  Electrons  which  strike  the 
electrode  area  between  channels  are  typically  not 
detected  by  a  filmed  MCP.  The  GaAs  cathode 
thickness  used  in  the  model  is  1.5  microns.  These 
parameters  are  used  to  calculate  the  noise  factor 
contribution  due  to  x-ray  feedback  in  an  image 
intensifier. 

The  model  predicts  on  increase  in  noise  factor 
with  photocathode  sensitivity  (Figure  6).  This  cor- 
responds  with  the  experimental  data  presented  in 
Figure  5.  The  calculated  electron  generation  rate  in 
a  1  .5  micron  thick  GaAs  layer  is  shown  in  Figure  7 
as  a  function  of  x-ray  bombardment  energy.  The 
number  of  electrons  generated  peaks  at  an  x-ray 
bombardment  energy  of  approximately  2.4  keV. 
Higher  x-ray  bombardment  energies  results  in  the 
generation  of  fewer  electrons  in  the  GaAs  layer  as 
most  of  the  x-rays  are  transmitted  through  the 
layer.  Thus  a  GaAs  cathode  has  close  to  peak 
sensitivity  for  x-rays  near  the  characteristic  lines 
generated  by  electron  bombardment  of  an  alu- 
minized  phosphor  screen  by  6  keV  electrons. 

The  model  also  correctly  predicts  the  func- 
tional  dependance  of  the  noise  performance  of  a 
Gen-Ill  image  intensifier  as  a  function  of  applied 
bias  voltage  and  photocathode  sensitivity.  The  ef- 
fect  on  noise  factor  of  increasing  the  MCP-to-phos- 
phor  screen  bias  voltage  with  photocathode  sen- 
sitivity  as  a  parameter  is  shown  in  Figure  8.  Noise 
factor  as  a  function  of  MCP  bias  voltage  is  mod- 
elled  in  Figure  9  with  photocathode  sensitivity  as  a 
parameter.  Figure  10  is  data  for  noise  factor  versus 
screen  bias  voltage  for  a  Gen-Ill  image  intensifier 
with  photocathode  photoresponse  a  parameter.  Fig- 
ure  1  1  is  data  taken  from  the  same  image  intensi- 
fier  as  a  function  of  MCP  bias  voltage.  Again 
photocathode  photoresponse  is  a  parameter.  The 
data  in  Figures  10  and  11  shows  the  same  func- 
tional  dependance  as  the  model  results  shown  in 
Figures  8  and  9. 

The  above  experimental  results  show  strong 
support  for  the  hypothesis  that  x-ray  feedback  is  an 
important  contributor  to  the  noise  factor  of  a  MCP 
containing  image  intensifier.  The  data  also  shows 
that  this  effect  increases  in  importance  as  the 
photocathode  sensitivity  to  x-rays  increases.  Thus 
this  effect  will  be  more  important  in  the  Gen-Ill 
technology  which  uses  the  more  sensitive  GaAs 
photocathode.  This  photocathode  is  more  sensitive 

to  x-rays  due  to  its  larger  electron  escape  probabil- 
ity  compared  to  previous  photocathodes  and  also 
is  a  result  of  its  much  greater  thickness.  A  GaAs 
photocathode  is  typically  10-50  times  thicker  than 

5  a  positive  affinity  photocathode  and  will  absorb  a 
proportionately  greater  number  of  x-rays,  thus  gen- 
erating  electrons  which  can  then  be  emitted,  result- 
ing  in  a  higher  noise  factor. 

It  should  also  be  noted  that  the  above  feedback 
io  mechanism  is  independent  of  input  light  level.  The 

increased  noise  factor  due  to  x-ray  feedback  will 
be  present  at  any  input  signal  level  to  the  MCP. 

A  further  disadvantage  of  the  prior  art  is  the 
use  of  inconel  or  nichrome  as  the  input  and  output 

is  electrode  metallization  material.  These  materials 
have  very  low  secondary  electron  emission  coeffi- 
cients.  This  reduces  the  gain  of  the  plate  as  elec- 
trons  which  strike  the  inconel  or  nichrome  typically 
yield  less  than  one  secondary  electron.  This  lowers 

20  the  gain  of  the  MCP. 
The  object  of  this  invention  is  to  provide  a 

microchannel  plate  apparatus  and  method  which 
limit  feedback  of  photons,  ions,  or  neutral  particles 
from  the  output  side  of  the  plate. 

25  Another  object  of  this  invention  is  to  provide  a 
microchannel  plate  which  limits  transmission  of 
photons,  ions,  or  neutral  particles  from  the  output 
side  of  the  plate  through  the  plate  where  they 
could  impact  the  photocathode  generating  a  noise 

30  pulse. 
In  accordance  with  one  aspect  of  the  present 

invention,  the  open  area  of  the  output  end  of  the 
channels  of  the  MCP  is  reduced  relative  to  an 
endspoiled  MCP  of  the  prior  art.  The  added  noise 

35  due  to  feedback  effects  from  the  screen  to  the 
MCP  will  be  reduced  proportional  to  the  reduction 
in  output  open  area  of  the  MCP.  Reduction  of  the 
output  open  area  by  less  than  10%  would  be 
ineffective  in  producing  a  significant  reduction  in 

40  noise  factor.  The  maximum  reduction  in  output 
open  area  must  be  less  than  100%,  which  would 
completely  close  off  the  channels,  as  some  open- 
ing  must  remain  to  allow  the  electrons  to  escape 
the  MCP.  A  reduction  in  the  range  from  about  10% 

45  to  about  85%  has  resulted  in  a  useful  compromise 
between  the  two  extremes  described  above.  In 
general,  a  reduction  at  the  higher  end  of  this  range 
is  most  effective  in  carrying  out  this  invention. 

In  accordance  with  another  aspect  of  the 
50  present  invention,  the  open  area  at  the  output  end 

of  the  channels  is  reduced  by  depositing  a  layer  of 
aluminum  which  is  at  least  10  percent  of  the  open 
area  of  the  output  end  of  the  channels  and  prefer- 
ably  is  substantially  75  -  85%  percent  of  the  open 

55  area  of  the  channels. 
In  accordance  with  another  aspect  of  the 

present  invention  the  microchannel  plate  electrodes 
and  channel  walls  may  be  provided  with  a  textured 

5 
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surface  to  reduce  x-ray  transmission  via  reflection. 
A  further  object  is  to  provide  input  and  output 

metallization  materials  on  the  plate  which  will  act 
as  electrodes  which  have  a  higher  secondary  emis- 
sion  coefficient  than  the  commonly  used  inconel 
material. 

In  accordance  with  another  aspect  of  this  in- 
vention,  metallized  layers  of  aluminum  are  provided 
at  both  the  input  and  output  ends  of  the  channels 
of  the  microchannel  plate. 

Figure  1  is  a  schematic,  elevational,  sectional 
view  of  a  prior  art  wafer  tube  image  intensifier. 

Figure  2  is  an  enlarged,  foreshortened  view  of 
a  prior  art  microchannel  plate. 

Figure  3  is  an  enlarged  schematic  view  of  a 
single  channel  multiplier  taken  from  a  microchannel 
plate  of  the  prior  art. 

Figure  4  is  an  electron  microscopic  partially 
prospective,  elevational,  sectional  view  of  the  out- 
put  portion  of  a  microchannel  plate  of  the  prior  art. 

Figure  5  is  a  typical  plot  of  noise  factor  versus 
photoresponse  for  a  Gen-Ill  image  intensifier  con- 
taining  a  prior  art  MCP. 

Figure  6  is  a  plot  of  the  modelled  Noise  Factor 
vs  relative  photoresponse  for  a  typical  Gen-Ill  im- 
age  intensifier  containing  a  prior  art  MCP. 

Figure  7  is  a  plot  of  the  electron  generation 
rate  per  incident  x-ray  photon  in  a  1  .5  micron  thick 
GaAs  layer  versus  x-ray  energy. 

Figure  8  is  a  plot  of  the  modelled  Noise  Factor 
vs  MCP-to-screen  bias  voltage  for  a  typical  Gen-Ill 
image  intensifier  containing  a  prior  art  MCP  with 
cathode  photoresponse  a  parameter. 

Figure  9  is  a  plot  of  the  modelled  Noise  Factor 
versus  MCP  bias  voltage  for  a  typical  Gen-Ill  image 
intensifier  containing  a  prior  art  MCP  with  cathode 
photoresponse  a  parameter. 

Figure  10  is  a  plot  of  Noise  Factor  versus 
MCP-to-screen  bias  voltage  for  a  typical  Gen-Ill 
image  intensifier  containing  a  prior  art  MCP  with 
cathode  photoresponse  a  parameter. 

Figure  1  1  is  a  plot  of  Noise  Factor  versus  MCP 
bias  voltage  for  a  typical  Gen-Ill  image  intensifier 
containing  a  prior  art  MCP  with  cathode 
photoresponse  a  parameter. 

Figure  12  is  an  enlarged  foreshortened  view  of 
a  microchannel  plate  in  accordance  with  the 
present  invention. 

Figure  13  is  an  electron  microscopic  partially 
prospective,  elevational,  sectional  view  of  a  micro- 
channel  plate  made  in  accordance  with  the  present 
invention. 

Figure  14  is  a  plot  of  Noise  Factor  versus 
photoresponse  for  a  Gen-Ill  intensifier  containing 
the  improved  MCP  as  compared  with  an  intensifier 
containing  a  prior  art  MCP. 

Figure  15  is  a  plot  of  Noise  Factor  versus  MCP 
to  screen  bias  voltage  for  a  Gen-Ill  image  intensi- 

fier  containing  an  improved  MCP  of  this  invention 
with  a  cathode  photoresponse  of  1221 
microamp/lumen. 

Figure  16  is  a  plot  of  Noise  Factor  versus  MCP 
5  bias  voltage  for  a  Gen-Ill  image  intensifier  contain- 

ing  an  improved  MCP  of  this  invention  with  a 
cathode  photoresponse  of  1652  microamps/lumen. 

Figure  17  is  a  plot  of  the  number  of  scintilla- 
tions  observed  versus  scintillation  brightness  for  a 

io  Gen-Ill  image  intensifier  containing  a  prior  art  MCP 
as  compared  to  a  Gen-Ill  intensifier  containing  an 
improved  MCP  of  this  invention. 

In  accordance  with  the  preferred  embodiment 
of  the  present  invention  as  illustrated  in  Figs.  12 

is  and  13,  an  output  electrode  126,  preferably  alu- 
minum,  is  deposited  on  the  output  surface  of  the 
microchannel  plate  116  to  substantially  close  off 
the  open  area  of  the  channels  128  formed  by  the 
channel  walls  130. 

20  It  has  been  discovered  that  the  number  of 
photons  (including  x-rays),  charged  or  neutral  par- 
ticles  which  can  enter  the  channel  from  the  region 
on  the  output  side  of  the  MCP  can  be  reduced  in  at 
least  the  same  ratio  as  the  area  ratio  reduction 

25  between  the  normal  open  end  of  the  output  of  the 
channel  128  and  the  reduced  opening  132  resulting 
from  the  deposited  output  electrode  on  the  output 
end  of  the  channel.  It  has  been  discovered  that  this 
reduction  in  the  number  of  photons  or  particles 

30  which  can  enter  the  plate  reduces  the  noise  gen- 
erated  by  feedback  of  these  photons  or  particles  to 
the  MCP  input  region  or  to  a  photocathode  14 
which  may  exist  in  the  region  in  front  of  the  MCP 
input.  The  number  of  bright  flashes  or  scintillations 

35  observed  on  the  phosphor  screen  at  low  light  levels 
are  reduced  in  an  image  intensifier  utilizing  the 
improved  MCP  of  this  invention. 

In  accordance  with  this  invention,  the  output 
channel  area  of  the  MCP  is  reduced  by  at  least 

40  10%  and  preferably  reduced  by  substantially  75  to 
85  percent  by  applying  a  much  thicker  metal- 
lization  layer  for  the  output  electrode  of  the  micro- 
channel  plate  than  is  customary.  The  typical  metal- 
lization  thickness  used  for  the  output  electrode  is 

45  1100  A  (i.e.,  0.11  microns).  In  accordance  with  this 
invention,  for  a  MCP  with  10  micron  diameter  chan- 
nels  and  a  12.5  micron  center-to-center  channel 
spacing,  a  layer  of  aluminum  7  microns  thick  is 
applied  to  the  MCP  surface  via  standard  thin  film 

50  deposition  procedures  familiar  to  those  knowledge- 
able  in  the  art.  For  example,  the  electrode  material 
can  be  applied  to  the  MCP  at  an  incident  angle  of 
60°  -  70°  to  the  MCP  while  rotating  the  MCP.  In 
this  example,  the  channel  output  open  area  is  re- 

55  duced  to  approximately  25  percent  of  that  of  a 
normally  processed  MCP.  It  has  been  found  that 
the  photon,  charged  or  neutral  particle  transmission 
of  the  plate  is  reduced  by  a  similar  percentage. 

6 
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Figure  14  compares  the  noise  factors  of  a 
number  of  Gen-Ill  image  intensifiers  containing  the 
improved  MCP  of  this  invention  with  the  prior  art 
performance  previously  presented  in  Fig.  5.  The 
improved  MCPs  had  output  open  area  reductions 
of  75  -  85  percent.  The  noise  figure  of  the  intensi- 
fiers  containing  the  improved  MCP  is  no  longer  a 
function  of  the  photocathode  sensitivity  as  was  the 
case  for  intensifiers  containing  prior  art  MCPs.  A 
plot  of  noise  factor  versus  MCP-to-screen  bias  volt- 
age  is  shown  in  Figure  15.  Noise  factor  now  de- 
creases  with  MCP-to-screen  bias  voltage  and  is 
much  less  than  in  prior  art  intensifiers  (Fig.  10). 
Figure  16  is  a  plot  of  noise  factor  versus  MCP  bias 
for  the  improved  MCP  of  this  invention.  Again  the 
noise  factor  is  much  less  than  that  in  a  prior  art 
intensifier  with  similar  photoresponse  and  operated 
at  similar  bias  voltages  (Fig.  11).  These  results 
along  with  the  model  results  presented  previously 
in  this  disclosure  show  that  the  improved  MCP  now 
disclosed  significantly  reduces  the  noise  when  pho- 
tons  or  particles  on  the  output  side  of  the  MCP 
penetrate  the  MCP. 

Figure  17  compares  the  number  of  scintilla- 
tions  observed  on  the  phosphor  screen  of  an  image 
intensifier  containing  a  typical  prior  art  MCP  with 
an  image  intensifier  containing  an  MCP  fabricated 
as  described  in  this  disclosure  with  a  75  percent 
reduction  in  output  channel  open  area.  The  number 
of  bright  scintillations  is  reduced  by  approximately 
an  order  of  magnitude  for  the  tube  containing  the 
improved  MCP  as  compared  to  the  tube  with  the 
prior  art  MCP. 

By  modifying  the  output  open  area  tradeoffs  in 
gain  and  noise  factor  can  be  engineered  allowing 
optimization  of  the  MCP  for  a  given  application.  As 
the  ultimate  limit  of  complete  closure  of  the  output 
channel  opening  is  approached,  reduction  of  MCP 
gain  at  a  given  bias  voltage  will  become  evident  as 
the  amplified  electrons  will  no  longer  be  able  to 
escape  the  channel.  Conductance  through  the  plate 
will  also  become  limited  reducing  the  ability  to 
normally  process  and  outgas  the  MCP.  At  the  other 
limit  of  little  or  no  reduction  in  MCP  output  channel 
open  area  feedback  of  particles  or  photons  into  the 
plate  will  not  be  limited.  A  10  percent  or  greater 
reduction  in  output  channel  open  area  is  required 
to  significantly  reduce  feedback  of  particles  or  pho- 
tons.  The  optimum  area  reduction  for  a  given  ap- 
plication  will  be  determined  by  the  MCP  gain  re- 
quired  for  the  application  balanced  against  the  re- 
quired  reduction  in  feedback  of  photons  or  particles 
into  the  plate. 

The  microphotographic  view  of  Figure  13 
shows  the  deposited  electrode  on  the  output  sur- 
face  of  a  microchannel  plate.  This  view  shows  the 
texture  of  the  deposited  electrode  surface.  The 
texture  provided  to  the  surface  by  the  thin  film 

deposition  of  the  aluminum  electrode  is  believed  to 
further  reduce  the  x-ray  transmission  of  a  micro- 
channel  plate.  This  is  a  result  of  the  reduction  in 
specular  reflection  of  x-rays  which  strike  the  tex- 

5  tured  electrode  surface. 
An  alternate  embodiment  of  this  invention  con- 

sists  of  texturing  the  surface  of  the  channels.  This 
texturing  greatly  reduces  the  x-ray  transmission  of 
a  MCP.  Most  of  the  soft  x-rays  transmitted  by  a 

70  MCP  are  a  result,  it  is  believed,  of  specular  reflec- 
tion  of  the  x-rays  by  the  channel  walls  at  glancing 
angles  up  to  10°  from  the  normal  to  the  MCP 
surface  depending  upon  x-ray  energy.  By  roughen- 
ing  the  channel  wall  surface  most  of  the  x-rays  are 

75  absorbed  in  the  channel  wall  and  are  not  transmit- 
ted  through  the  plate  to  the  photocathode  where  a 
noise  pulse  would  be  generated. 

The  output  electrode  is  preferably  fabricated 
with  a  relatively  malleable  metal.  Such  metals  in- 

20  elude  gold  or  aluminum.  A  malleable  metal  can  be 
applied  in  very  thick  layers  without  problems  of 
peeling  or  flaking.  The  standard  metals  such  as 
inconel  or  nichrome  which  are  typically  used  as 
MCP  electrode  material  peel  or  flake  due  to  the 

25  severe  stress  present  in  thick  films  of  these  materi- 
als  when  deposited  by  evaporation  and  are  thus 
not  preferred  metals  for  this  application. 

Aluminum  is  a  more  preferred  metal.  Typically, 
a  very  thin  (on  the  order  of  60A)  layer  of  AI2O3 

30  forms  on  its  surface  after  air  exposure.  This  oxide 
is  a  relatively  good  secondary  electron  emitter 
compared  to  the  prior  art  surfaces  formed  on  in- 
conel  of  nichrome.  Electrons  which  strike  the  AI2O3 
surface  of  this  invention  generate  more  than  one 

35  secondary  electron  thus  increasing  the  gain  of  the 
modified  MCP  relative  to  an  MCP  with  similar  elec- 
trodes  formed  of  nichrome  or  inconel.  The  prior  art 
surfaces  which  result  with  inconel  or  nichrome  typi- 
cally  generate  less  than  one  secondary  electron 

40  per  incident  primary  electron. 
In  accordance  with  another  aspect  of  the  pre- 

ferred  embodiment  of  the  present  invention,  advan- 
tage  is  taken  of  the  higher  gain  obtained  with 
aluminum  metallization  by  using  aluminum  for  the 

45  input  electrode  metallization  124.  The  use  of  alu- 
minum  favorably  impacts  both  the  MCP  gain  and 
noise  factor  as  compared  to  the  use  of  inconel  or 
nichrome  for  the  input  MCP  electrode  metallization 
due  to  the  higher  secondary  electron  emission  co- 

50  efficient  of  AI2O3.  The  use  of  the  same  metal  for 
both  the  front  and  back  electrodes  on  the  MCP 
also  simplifies  manufacture  of  the  plate  as  both 
surfaces  can  be  coated  in  the  same  piece  of  depo- 
sition  equipment. 

55  The  microchannel  plates  and  their  method  of 
manufacture  in  accordance  with  this  invention  al- 
lows  fabrication  of  Gen-Ill  image  intensifier  tubes 
with  approximately  25%  lower  noise  factor  than 
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Gen-Ill  tubes  containing  a  standard,  filmed,  MCP. 
These  tubes  also  exhibit  significantly  lower  scin- 
tillation  noise  than  a  standard  tube.  Furthermore, 
these  tubes  can  be  operated  at  higher  gains  than 
used  in  the  past  with  less  degradation  in  signal-to- 
noise  ratio  than  would  result  with  tubes  containing 
MCPs  of  the  prior  art. 

Although  this  invention  has  been  described  in 
terms  of  MCPs  used  in  various  forms  of  night 
vision  tubes,  it  should  be  readily  understood  that 
the  invention  may  be  applied  to  advantage  in  other 
applications  for  MCPs  such  as  instrumentation  and 
the  like  where  similar  conditions  and  problems  are 
encountered. 

It  should  also  be  understood  that  various  alter- 
natives  to  the  embodiment  shown  here  may  be 
employed  in  practicing  the  present  invention.  It  is 
intended  that  the  following  claims  define  the  inven- 
tion  and  that  the  structure  and  methods  within  the 
scope  of  these  claims  and  their  equivalents  be 
covered  thereby. 

Claims 

1.  A  microchannel  plate  comprising  a  multitude  of 
channels  and  an  output  electrode  comprising  a 
conductive  layer  closing  off  at  least  ten  per- 
cent  of  the  open  area  of  the  output  end  of  said 
channels. 

2.  The  microchannel  plate  of  claim  1  wherein  said 
conductive  layer  closes  off  the  open  area  to 
the  output  end  of  said  channels  in  the  range  of 
1  0  to  85  percent. 

3.  The  microchannel  plate  of  claim  2  wherein  said 
output  electrode  closes  off  seventy-five  per- 
cent  of  the  open  area  of  said  channels. 

4.  The  microchannel  plate  of  any  one  of  claims  1 
to  3  wherein  said  output  electrode  comprises  a 
malleable  metal. 

5.  The  microchannel  plate  of  claim  4  wherein  said 
malleable  metal  comprises  aluminium. 

6.  The  microchannel  plate  of  any  one  of  claims  1 
to  5  including  an  input  electrode  comprising  a 
conductive  layer  of  aluminium  at  the  input  end 
of  said  channels. 

7.  The  microchannel  plate  of  any  one  of  claims  1 
to  6  wherein  said  conductive  layer  has  a  tex- 
tured  surface. 

8.  The  microchannel  plate  of  any  one  of  claims  1 
to  7  wherein  the  interior  surface  of  said  chan- 
nels  has  a  textured  surface. 

9.  A  wafer  tube  image  intensifier  having  a  vacu- 
um  housing  having  a  first  end  to  receive  an 
input  window  and  a  second  end  to  receive  an 
output  window,  an  input  window  sealably 

5  mounted  at  said  first  end  of  said  housing,  said 
input  window  having  a  photocathode  positioned 
on  the  inside  surface  thereof,  an  output  window 
sealably  mounted  at  said  second  end  of  said 
housing,  said  output  window  having  a  phos- 

io  phor  screen  positioned  on  the  inside  surface 
thereof,  and  a  microchannel  plate  as  claimed 
in  any  one  of  claims  1  to  8  mounted  in  said 
housing  and  having  its  input  surface  facing 
said  photocathode  and  its  output  surface  fac- 

15  ing  said  phosphor  screen. 

10.  The  method  of  limiting  feedback  in  a  wafer 
image  intensifer  having  an  input  window  with  a 
photocathode,  an  output  window  with  a  phos- 

20  phor  screen  and  a  microchannel  plate  posi- 
tioned  between  said  input  window  and  said 
output  window  comprising  the  steps  of: 

generating  electrons  at  said  photocathode 
in  response  to  an  image  incident  on  said  input 

25  window; 
directing  an  electron  image  from  said 

photocathode  through  said  microchannel  plate 
to  said  phosphor  screen;  and 

intercepting  radiation  particles  returning 
30  from  said  phosphor  screen  toward  said 

photocathode  over  at  least  10  percent  of  the 
open  area  of  the  output  ends  of  the  channels 
of  said  microchannel  plate. 

35  11.  The  method  of  making  a  multichannel  plate 
comprising  the  steps  of: 

forming  a  boule  of  a  multitude  of  optical 
fibres  each  composed  of  a  core  glass  sur- 
rounded  by  a  cladding  glass; 

40  cutting  the  boule  to  form  a  plate  member; 
removing  the  core  glass  from  the  plate 

member  to  leave  a  multitude  of  channel  mem- 
bers  fused  together,  each  channel  member 
having  an  input  end  and  output  end; 

45  forming  a  semiconductor  layer  on  the 
channel  wall  surface;  and 

applying  an  output  electrode  on  the  output 
face  of  the  channel  plate  which  electrode  cov- 
ers  at  least  1  0  percent  of  the  open  area  of  the 

50  output  end  of  said  channels. 

12.  The  method  of  claim  11  wherein  the  step  of 
applying  the  output  electrode  includes  direct- 
ing  aluminium  from  a  source  at  an  angle  of 

55  incidence  between  60°  and  70°  to  the  output 
surface  of  the  microchannel  plate. 
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