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(54)  X-ray  tube  and  barrier  means  therefor 

(57)  An  X-ray  tube  (7)  is  provided  which  is  capable 
of  generating  high  intensity  X-rays  without  loss  of  relia- 
bility.  The  tube  (7)  includes  a  barrier  means  disposed 
between  the  focal  spot  (24)  of  the  incident  electron 
beam  and  the  tube  window  (31)  which  prevents  scat- 
tered  electrons  from  reaching  the  window  (31  ),  whereas 
X-rays  (9)  are  permitted  to  pass  through  at  least  a  por- 

tion  of  the  barrier  means  to  reach  the  window  (31  ).  The 
X-ray  permeable  portion  (20)  of  the  barrier  means  typi- 
cally  consists  of  a  diamond  sheet.  The  X-ray  tube  has 
a  small  incident  angle  a  (preferably  between  7°  and 
13°),  a  short  distance  between  the  focal  spot  (24)  and 
the  window  (31  ),  and  a  take-off  angle  p  preferably  in  the 
range  0°  to  20°. 
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Description 

The  present  invention  relates  to  an  X-ray  tube  and 
more  specifically  to  an  X-ray  tube  capable  of  generating 
high  intensity  X-rays  without  loss  of  reliability. 

X-ray  tubes  normally  include  an  electron  gun  and 
an  anode.  A  beam  of  electrons  generated  by  the  elec- 
tron  gun  is  focused  to  a  focal  spot  on  the  anode  and  X- 
rays  are  generated  by  the  interaction  of  the  beam  of 
electrons  with  the  atoms  of  the  anode.  These  X-rays  are 
generated  in  all  directions  from  the  anode  in  the  region 
surrounding  the  focal  spot.  Typically,  the  anode  is  sub- 
stantially  surrounded  by  an  evacuated  housing  in  which 
a  window  is  formed  to  allow  some  of  the  X-rays  to  pass 
out  of  the  housing,  the  window  typically  comprising  a 
thin  foil  of  a  low  atomic  number  metal,  such  as  beryllium 
or  aluminium,  having  a  high  transmission  coefficient  for 
X-radiation. 

X-ray  tubes  have  a  number  of  applications  which 
involve  the  treatment  or  analysis  of  a  sample,  for  exam- 
ple:  industrial  imaging,  analytical  instruments  and  med- 
ical  imaging.  For  such  applications  it  is  often  desirable 
to  have  an  X-ray  tube  which  has  a  long  service  life, 
which  is  capable  of  forming  a  small  focal  spot  and  which 
is  also  capable  of  generating  a  high  intensity  of  X-radi- 
ation  at  the  sample. 

Increasing  the  current  due  to  the  beam  of  electrons 
(the  beam  current)  is  an  effective  method  of  increasing 
the  power  output  of  an  X-ray  tube  and  can  also  increase 
the  intensity  of  X-rays  at  the  sample.  However,  since  on- 
ly  a  small  fraction  of  the  energy  of  the  beam  of  electrons 
is  converted  to  X-rays,  the  majority  of  electrons  are  ei- 
ther  scattered  by  the  anode  or  lose  their  energy  to  heat 
in  the  anode.  This  generation  of  heat  within  the  anode 
can  cause  the  anode  to  melt,  preventing  the  further  use 
of  the  X-ray  tube  without  repair. 

There  are  many  factors  which  can  influence  the 
maximum  beam  current  that  can  be  used  without  melt- 
ing  the  anode.  For  example,  the  anode  material  should 
be  chosen  to  have  a  high  melting  point  and  a  high  ther- 
mal  conductivity.  However,  in  order  to  improve  the  effi- 
ciency  of  X-ray  generation,  the  anode  may  be  made  of 
a  metal  of  high  atomic  number.  In  order  to  meet  this  dual 
requirement  the  anode  is  commonly  comprised  of  cop- 
per  (which  has  a  high  thermal  conductivity)  coated  with 
a  layer  of  tungsten  (which  has  a  high  atomic  number 
and  a  high  melting  point).  Enlarging  the  focal  spot,  say 
by  reducing  the  angle  a  at  which  the  electrons  are  inci- 
dent  upon  the  anode,  can  increase  the  maximum  beam 
current  by  enhancing  heat  dissipation.  However,  in- 
creasing  the  size  of  the  focal  spot  can  adversely  affect 
the  resolution  achievable  for  imaging  applications,  and 
decreasing  a  can  result  in  an  increase  in  the  generation 
of  scattered  electrons.  The  problems  of  scattered  elec- 
trons  and  resolution  are  both  discussed  below. 

In  addition,  the  anode  may  be  kept  cool  by  rotating 
it  so  that  the  position  of  the  focal  spot  on  the  anode  is 
continually  changed  as  the  anode  rotates.  Such  rotating 

anodes  have  a  greater  ability  to  dissipate  heat  energy 
than  fixed  anodes.  Finally,  anodes  are  usually  cooled  by 
passing  a  fluid,  such  as  water  or  oil,  through  the  anode 
to  transport  the  heat  away  from  the  anode. 

5  A  second  method  of  increasing  the  intensity  of  the 
X-rays  at  the  sample  is  to  decrease  distance  from  the 
focal  spot  to  the  window  (the  exit  distance).  This  is  be- 
cause  a  small  exit  distance  allows  the  sample  to  be  po- 
sitioned  closer  to  the  focal  spot.  Optimising  the  exit  dis- 

10  tance,  and  hence  the  proximity  of  the  sample  to  the  focal 
spot,  can  also  improve  magnification  for  the  imaging  ap- 
plications  mentioned  above.  Unfortunately,  decreasing 
the  exit  distance  can  also  increase  the  number  of  scat- 
tered  electrons  which  are  incident  upon  the  window, 

is  thus  causing  heating  of  the  window.  Furthermore,  de- 
creasing  the  exit  distance  exacerbates  the  effect  on  the 
window  of  heat  radiated  from  the  anode.  Heating  of  the 
window  can  be  a  significant  source  of  poor  reliability, 
particularly  if  the  window  is  comprised  of  beryllium.  Be- 

20  ryllium  has  a  low  heat  capacity  and  has  a  low  thermal 
conductivity  so  that  significant  temperature  gradients 
can  be  formed  across  a  beryllium  window  which  may 
cause  the  window  to  rupture. 

A  number  of  solutions  have  been  adopted  to  the 
25  problem  of  window  heating  due  to  scattered  electrons. 

One  approach  has  been  to  employ  a  magnetic  field  in 
the  region  between  the  anode  and  the  window  in  order 
to  deflect  electrons  away  from  the  window.  The  use  of 
such  a  magnetic  field  is  described  in  US  5206895.  Neg- 

30  atively  biasing  a  metallic  mesh  placed  between  the  an- 
ode  and  the  window  can  also  result  in  the  electrons  be- 
ing  deflected  away  from  the  window.  Such  an  arrange- 
ment  is  disclosed  in  "An  introduction  to  X-ray  Spectrom- 
etry",  pp  57  -  58  by  Ron  Jenkins.  The  use  of  magnetic 

35  or  electric  fields  to  deflect  electrons  away  from  the  win- 
dow  limits  the  minimum  value  of  exit  distance  that  can 
be  employed.  If  a  weak  electric  or  magnetic  field  is  used 
then  the  exit  distance  must  be  large  so  that  the  path  of 
the  electrons  is  sufficiently  deflected  to  prevent  damage 

40  to  the  window.  If  a  strong  electric  or  magnetic  field  is 
used  then  the  exit  distance  must  also  be  large  to  prevent 
interference  with  the  beam  of  electrons  which  are  inci- 
dent  upon  the  anode.  The  use  of  magnets  or  biased 
electrodes  also  occupies  space  between  the  anode  and 

45  the  window,  preventing  the  exit  distance  from  being  re- 
duced.  Furthermore  the  use  of  an  electrode  to  which  a 
potential  is  applied  will  require  the  provision  of  insulators 
and  feedthroughs,  thus  increasing  complexity. 

X-rays  generated  by  the  electron  beam  are  emitted 
so  from  the  anode  in  all  directions,  but  usually  only  X-rays 

having  a  limited  range  of  take-off  angles  p  (the  angle 
between  an  X-ray  and  the  surface  of  the  anode)  are 
used  to  illuminate  the  sample  under  test.  The  selection 
of  values  of  p  for  X-rays  used  in  the  treatment  or  analysis 

55  of  an  object,  can  be  as  important  as  the  choice  of  a.  For 
example  the  use  of  X-rays  having  small  values  of  p  can 
improve  resolution  for  imaging  applications,  and  can  al- 
so  reduce  the  formation  of  undesirable  penumbra  for  X- 
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ray  lithographic  applications.  Furthermore  X-rays  emit- 
ted  at  small  values  of  p  can  have  a  higher  intensity  than 
those  emitted  at  large  values  of  p  though  this  effect  can 
be  offset  by  absorption  in  the  anode. 

As  we  have  seen,  therefore,  the  parameters  of  an 
X-ray  tube  are  interrelated  and  optimising  one  parame- 
ter  may  lead  to  the  worsening  of  another.  For  example, 
the  use  of  X-rays  having  small  take-off  angles  p  can  im- 
prove  resolution,  but  can  also  lead  to  a  loss  of  intensity 
due  to  absorption  by  the  anode.  Also,  the  use  of  small 
a  is  advantageous  in  some  ways,  but  can  lead  to  rapid 
degradation  of  the  window.  Furthermore,  attempts  to  op- 
timise  a  such  as  those  suggested  in  US  5206895,  may 
lead  to  an  increase  in  the  exit  distance  and  hence  to  loss 
of  intensity. 

It  is  an  object  of  the  present  invention  to  provide  an 
X-ray  tube  in  which  the  above  mentioned  disadvantages 
are  reduced.  Particularly  it  is  an  object  of  the  present 
invention  to  provide  an  X-ray  tube  which  is  capable  of 
generating  high  intensity  X-rays  without  loss  of  reliabil- 
ity. 

According  to  a  first  aspect  of  the  present  invention 
there  is  provided  an  X-ray  tube  comprising: 

means  for  generating  a  beam  of  electrons; 
an  anode,  said  beam  of  electrons  being  focused  to 
be  incident  upon  a  focal  spot  on  the  anode,  said  in- 
cident  beam  of  electrons  impinging  upon  the  anode 
at  an  incident  angle  a  substantially  between  0°  and 
25°  relative  to  the  anode  surface,  X-rays  and  scat- 
tered  electrons  being  generated  at  the  anode  by 
said  incident  beam  of  electrons;  and 
a  housing  which  substantially  encloses  the  anode, 
said  housing  having  a  window  formed  in  it  through 
which  X-rays  may  pass,  characterised  in  that: 
said  X-ray  tube  is  provided  with  a  barrier  means  dis- 
posed  between  the  focal  spot  and  the  window,  so 
that  scattered  electrons  are  prevented  from  reach- 
ing  the  window  by  the  barrier  means,  at  least  a  por- 
tion  of  said  barrier  means  comprising  one  or  more 
X-ray  permeable  wall  sections,  said  X-ray  permea- 
ble  wall  sections  allowing  X-rays  to  pass  through 
the  barrier  means  towards  the  window. 

Preferably,  said  barrier  means  further  includes  at 
least  one  X-ray  impermeable  wall  section,  at  least  one 
exit  aperture  being  formed  in  said  X-ray  impermeable 
wall  section  or  sections,  the  or  each  said  exit  aperture 
being  closed  by  said  X-ray  permeable  wall  section  or 
sections. 

Advantageously,  the  or  each  said  X-ray  permeable 
wall  section  is  made  from  a  material  having  a  high  melt- 
ing  point  and  a  high  transmission  coefficient  for  X-rays. 
Preferably  said  material  also  has  a  high  thermal  con- 
ductivity.  Further  preferably,  the  said  material  is  dia- 
mond. 

Preferably  the  dimensions  and  position  of  the  or 
each  said  exit  aperture  are  such  that  only  X-rays  having 

take-off  angles  substantially  in  the  range  0°  to  30°  rela- 
tive  to  the  anode  surface  are  able  to  pass  through  the 
or  each  said  exit  aperture.  Further  preferably  the  dimen- 
sions  and  position  of  the  or  each  said  exit  aperture  are 

5  such  that  only  X-rays  having  take-off  angles  substan- 
tially  in  the  range  0°  to  20°  relative  to  the  anode  surface 
are  able  to  pass  through  the  or  each  said  exit  aperture. 

Advantageously,  the  or  each  said  X-ray  impermea- 
ble  wall  section  comprises  a  material  having  a  high  ther- 

10  mal  conductivity.  Preferably  the  or  each  said  X-ray  im- 
permeable  wall  section  comprises  a  material  having  a 
high  electrical  conductivity  and/or  a  high  thermal  con- 
ductivity.  Further  preferably  the  or  each  said  X-ray  im- 
permeable  wall  section  is  formed  of  copper. 

is  Advantageously,  the  incident  angle  a  is  substantial- 
ly  between  5°  and  15°.  Further  advantageously,  the  in- 
cident  angle  a  is  substantially  between  7°  and  13°. 

Preferably,  the  largest  dimension  of  the  focal  spot 
is  substantially  between  1  urn  and  1  00  urn  Further  pref- 

20  erably  said  largest  dimension  is  between  1  urn  and  25 
urn 

Typically  the  window  comprises  a  thin  sheet  of  be- 
ryllium  foil.  Conveniently  the  distance  from  the  focal  spot 
to  the  window  is  in  the  range  2  to  8  mm. 

25  According  to  another  aspect,  the  invention  provides 
a  barrier  means  for  preventing  scattered  electrons  from 
reaching  a  window  of  an  X-ray  tube,  comprising: 

an  X-ray  impermeable  wall  section;  and 
30  at  least  one  X-ray  permeable  wall  section  for  allow- 

ing  X-rays  to  pass  through  said  barrier  means  to- 
wards  said  window,  said  X-ray  impermeable  and 
permeable  wall  sections  being  impermeable  to 
electrons. 

35 
An  example  of  the  invention  will  now  be  described 

in  greater  detail  with  reference  to  the  accompanying 
drawings,  which  are  provided  by  means  of  example  only 
and  in  which: 

40 
Figure  1  is  a  schematic  diagram  of  an  X-ray  tube  ac- 

cording  to  the  invention;  and 
Figure  2  is  a  more  detailed  diagram  of  part  of  the  X- 

ray  tube  shown  in  figure  1  . 
45 

Figure  1  illustrates  an  X-ray  tube  generally  indicat- 
ed  by  7  comprising  an  anode  8  and  a  means  for  gener- 
ating  a  beam  of  electrons,  said  means  comprising  an 
electron  gun  1  which  is  of  standard  design.  The  electron 

so  gun  1  and  the  anode  8  are  both  disposed  inside  an  evac- 
uated  housing  comprising  an  end  plate  14,  a  ceramic 
tube  2,  a  first  weld  flange  17,  a  second  weld  flange  4, 
an  anode  tube  1  1  and  a  window  assembly  1  0.  The  pres- 
sure  within  the  evacuated  housing  is  less  than  1  0"6  torr. 

55  The  electron  gun  1  is  provided  with  electrical  connectors 
5  for  the  supply  of  power  to  the  electron  gun  1  .  The  elec- 
tron  gun  1  protrudes  from  and  is  hermetically  sealed  to 
the  end  plate  1  4.  The  end  plate  1  4  is  welded  to  the  first 

3 
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weld  flange  17  which  is  in  turn  brazed  to  the  ceramic 
tube  2.  The  ceramic  tube  2  is  brazed  to  the  second  weld 
flange  4.  The  ceramic  tube  2  insulates  the  first  weld 
flange  1  7  from  the  second  weld  flange  4,  so  that  the  sec- 
ond  weld  flange  4  can  be  maintained  at  ground  potential 
and  the  first  weld  flange  1  7  can  be  maintained  at  -50  kV. 
A  stainless  steel  tube  3  is  welded  to  the  second  weld 
flange  4  so  that  the  stainless  steel  tube  3  is  at  ground 
potential. 

One  end  of  the  anode  tube  1  1  is  formed  into  a  flange 
32  wh  ich  is  welded  to  and  is  in  electrical  contact  with  the 
second  weld  flange  4.  Anode  8  is  brazed  to  and  in  elec- 
trical  contact  with  the  inside  of  the  anode  tube  11,  so 
that  both  the  anode  tube  11  and  anode  8  are  at  ground 
potential.  The  anode  8  is  comprised  of  copper  and  the 
anode  tube  11  is  comprised  of  stainless  steel.  The  an- 
ode  8  is  cooled  by  passing  water  through  a  cavity  16 
(shown  in  figure  2  only)  formed  in  the  anode  tube  11. 
The  water  passes  into  the  cavity  16  through  an  inlet  tube 
19  which  is  welded  to  the  anode  tube  11.  Baffles  (not 
shown)  within  the  cavity  1  6  restrict  the  flow  of  the  water 
so  that  the  water  is  forced  into  contact  with  the  anode 
8.  After  flowing  against  the  anode  8  the  water  passes 
out  of  the  anode  tube  1  1  through  an  outlet  tube  1  3  which 
is  welded  to  the  anode  tube  1  1  . 

A  beam  of  electrons  6,  which  is  generated  by  the 
electron  gun  1,  has  a  potential  of  -50  kV  relative  to 
ground  on  exiting  the  electron  gun  1  .  The  beam  current 
can  have  a  range  of  values:  from  a  few  microamps  up 
to  ten  milliamps.  The  beam  of  electrons  6  is  accelerated 
towards  the  second  weld  flange  4  by  the  potential  dif- 
ference  between  the  weld  flange  4  and  the  electron  gun 
1,  and  passes  through  the  entrance  aperture  18.  The 
beam  of  electrons  6  is  deflected  by  a  magnetic  deflec- 
tion  coil  12  so  that  it  impinges  upon  the  anode  8  an  in- 
cident  angle  a  (shown  in  figure  2)  of  approximately  10°. 
The  beam  of  electrons  6  forms  a  focal  spot  24  on  the 
anode  8.  The  anode  8  is  coated  with  a  layer  of  tungsten 
(not  shown)  in  the  area  surrounding  the  focal  spot  24  to 
form  a  suitable  surface  from  which  X-rays  9  may  be  gen- 
erated.  The  X-rays  9  are  generated  in  all  directions  from 
the  anode  8  in  the  region  surrounding  the  focal  spot  24. 
The  beam  of  electrons  6  has  diameter  of  approximately 
5  urn,  but  the  small  incident  angle  a  results  in  the  largest 
dimension  of  the  focal  spot  24  being  approximately  25 
urn.  The  focal  spot  24  has  a  larger  area  than  would  be 
the  case  for  a  large  incident  angle  and  thus  the  heat 
generated  per  unit  area  is  reduced.  Those  X-rays  9 
which  have  appropriate  take-off  angles  pass  through  the 
window  assembly  10  shown  in  more  detail  in  figure  2. 

Figure  2  shows  a  more  detailed  representation  of 
the  X-ray  tube  7  in  the  region  which  surrounds  the  anode 
8.  An  opaque  wall  portion  comprising  a  copper  plate  1  5, 
is  brazed  to  and  is  in  electric  contact  with  the  anode  8. 
An  exit  aperture  34,  which  is  formed  in  the  copper  plate 
15,  is  closed  by  an  X-ray  permeable  wall  portion  com- 
prising  a  diamond  sheet  20.  The  diamond  sheet  20  is 
held  in  place  by  a  retaining  ring  21  .  X-rays  9,  which  have 

appropriate  take-off  angles,  pass  through  the  diamond 
sheet  20  before  being  transmitted  to  the  exterior  of  the 
X-ray  tube  7  by  a  window  31  .  The  spacing  between  the 
diamond  sheet  20  and  the  window  31  is  approximately 

5  1  .5  mm  and  the  spacing  between  the  diamond  sheet  20 
and  the  focal  spot  24  is  approximately  1  .5  mm.  The  win- 
dow  31  comprises  a  sheet  of  beryllium  which  is  brazed 
to  both  an  upper  ring  25  and  a  lower  ring  26,  the  lower 
ring  26  having  a  ring  flange  33.  The  ring  flange  33  is 

10  welded  to  a  tube  flange  28  which  is  formed  from  a  short 
section  of  metal  tube  29.  The  window  31  is  mounted  on 
the  anode  tube  1  1  ,  which  includes  an  outer  tube  23  and 
an  inner  tube  22,  by  inserting  the  metal  tube  29  inside 
the  outer  tube  23.  A  vacuum  tight  seal  is  achieved  by 

is  welding  the  tube  flange  28  to  a  flange  27  formed  from 
the  outer  tube  23.  The  metal  tube  29,  inner  tube  22  and 
the  outer  tube  23  are  all  comprised  of  stainless  steel. 
The  upper  ring  25  and  lower  ring  26  are  comprised  of 
Monel  (a  nickel  alloy). 

20  Figure  2  shows  the  incident  angle  a  at  which  the 
electron  beam  6  is  incident  upon  the  anode  8  and  also 
shows  a  take-off  angle  p  at  which  one  of  the  X-rays  9  is 
emitted  from  the  anode  8.  Those  X-rays  9  which  are 
emitted  by  the  X-ray  tube  7  have  values  of  p  limited  by 

25  the  position  and  dimensions  of  the  aperture  34  to  the 
approximate  range  0°  to  20°.  The  position  and  dimen- 
sions  of  the  aperture  34  enables  the  use  of  the  X-ray 
tube  7  for  imaging  applications  in  which  a  high  resolution 
and  high  X-ray  flux  is  required.  The  high  resolution  is 

30  achievable  because  the  apparent  size  of  the  focal  spot 
24,  when  viewed  through  the  exit  aperture  34,  is  much 
smaller  than  its  real  size.  Viewed  through  the  centre  of 
the  exit  aperture  34,  the  length  and  width  of  the  focal 
spot  24  appear  to  be  approximately  equal.  The  interac- 

ts  tion  of  the  beam  of  electrons  6  with  the  anode  8  results 
in  the  formation  of  scattered  electrons  (not  shown) 
which  are  ejected  from  the  anode  8  in  a  range  of  direc- 
tions.  The  small  value  of  a  results  in  large  numbers  of 
scattered  electrons  being  directed  towards  the  window 

40  31  .  If  the  diamond  sheet  20  were  not  present,  the  win- 
dow  31  would  be  subject  to  severe  heating  as  a  result 
of  collisions  from  the  scattered  electrons.  Scattered 
electrons  are  also  prevented  from  reaching  the  window 
31  by  the  copper  plate  1  5.  Because  the  copper  plate  1  5 

45  has  a  low  transmission  coefficient  for  X-rays,  unwanted 
X-rays  having  values  of  p  greater  than  20°  are  prevent- 
ed  from  exiting  the  window  31  . 

The  barrier  means,  which  comprises  the  diamond 
sheet  20  and  copper  plate  15,  prevents  scattered  elec- 

50  trons  from  colliding  with  the  window  31  while  allowing 
some  of  the  X-rays  9  to  pass  from  the  anode  8  to  the 
window  31.  Diamond  has  a  high  melting  temperature 
and  thus  the  diamond  sheet  20  is  able  to  withstand  the 
heat  generated  by  impact  with  the  scattered  electrons. 

55  Diamond  and  copper  are  both  good  thermal  conductors, 
so  that  heat  is  conducted  away  from  the  window  31  thus 
preventing  damage  to  the  window  31  by  radiated  heat. 
The  use  of  the  barrier  means  in  conjunction  with  a  small 
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(34)  are  such  that  only  X-rays  having  take-off  an- 
gles  p  substantially  in  the  range  0°  to  30°  relative 
to  the  anode  surface  are  able  to  pass  through  the 
or  each  said  exit  aperture  (34). 

5 
7.  An  X-ray  tube  as  claimed  in  claim  2  or  any  of  claims 

3-5  when  dependent  on  claim  2,  wherein  the  dimen- 
sions  and  position  of  the  or  each  said  exit  aperture 
(34)  are  such  that  only  X-rays  having  take-off  an- 

10  gles  p  substantially  in  the  range  0°  to  20°  relative 
to  the  anode  surface  are  able  to  pass  through  the 
or  each  said  exit  aperture  (34). 

incident  angle  a  results  in  an  X-ray  tube  7  which  is  ca- 
pable  of  increased  power  output  without  loss  of  reliabil- 
ity. 

Claims 

1  .  An  X-ray  tube  (7)  comprising: 

means  (1)  for  generating  a  beam  of  electrons 
(6); 
an  anode  (8),  said  beam  of  electrons  (6)  being 
focused  to  be  incident  upon  a  focal  spot  (24)  on 
the  anode  (8),  said  incident  beam  of  electrons 
(6)  impinging  upon  the  anode  (8)  at  an  incident 
angle  a  substantially  between  0°  and  25°  rela- 
tive  to  the  anode  surface,  X-rays  (9)  and  scat- 
tered  electrons  being  generated  at  the  anode 
(8)  by  said  incident  beam  of  electrons  (6);  and 
a  housing  which  substantially  encloses  the  an- 
ode  (8),  said  housing  having  a  window  (31) 
formed  in  it  through  which  X-rays  (9)  may  pass, 
characterized  in  that: 
said  X-ray  tube  (7)  is  provided  with  a  barrier 
means  disposed  between  the  focal  spot  (24) 
and  the  window  (31),  so  that  scattered  elec- 
trons  are  prevented  from  reaching  the  window 
(31)  by  the  barrier  means,  at  least  a  portion  of 
said  barrier  means  comprising  one  or  more  X- 
ray  permeable  wall  sections  (20),  said  X-ray 
permeable  wall  sections  (20)  allowing  X-rays 
(9)  to  pass  through  the  barrier  means  towards 
the  window  (31). 

2.  An  X-ray  tube  as  claimed  in  claim  1,  wherein  said 
barrier  means  further  includes  at  least  one  X-ray  im- 
permeable  wall  section  (15),  at  least  one  exit  aper- 
ture  (34)  being  formed  in  said  X-ray  impermeable 
wall  section  (15)  or  sections,  the  or  each  said  exit 
aperture  (34)  being  closed  by  said  X-ray  permeable 
wall  section  (20)  or  sections. 

3.  An  X-ray  tube  as  claimed  in  claim  1  or  2,  wherein 
the  or  each  said  X-ray  permeable  wall  section  (20) 
is  made  from  a  material  having  a  high  melting  point 
and  a  high  transmission  coefficient  for  X-rays. 

4.  An  X-ray  tube  as  claimed  in  any  preceding  claim, 
wherein  the  or  each  X-ray  permeable  wall  section 
(20)  has  a  high  thermal  conductivity. 

5.  An  X-ray  tube  as  claimed  in  any  preceding  claim, 
wherein  said  X-ray  permeable  wall  section  (20)  is 
made  from  diamond. 

6.  An  X-ray  tube  as  claimed  in  claim  2  or  any  of  claims 
3-5  when  dependent  on  claim  2,  wherein  the  dimen- 
sions  and  position  of  the  or  each  said  exit  aperture 

8.  An  X-ray  tube  as  claimed  in  claim  2  or  any  of  claims 
is  3-7  when  dependent  on  claim  2,  wherein  the  or 

each  said  X-ray  impermeable  wall  section  (1  5)  com- 
prises  a  material  having  a  high  thermal  conductivity. 

9.  An  X-ray  tube  as  claimed  in  claim  2  or  any  of  claims 
20  3-8  when  dependent  on  claim  2,  wherein  the  or 

each  said  X-ray  impermeable  wall  section  (1  5)  com- 
prises  a  material  having  a  high  electrical  conductiv- 
ity. 

25  10.  An  X-ray  tube  as  claimed  in  claim  2  or  any  of  claims 
3-9  when  dependent  on  claim  2,  wherein  the  or 
each  said  X-ray  impermeable  wall  section  (15)  is 
formed  of  copper. 

30  11.  An  X-ray  tube  as  claimed  in  any  previous  claim, 
wherein  the  incident  angle  a  is  substantially  be- 
tween  5°  and  15°. 

12.  An  X-ray  tube  as  claimed  in  any  of  claims  1  to  10, 
35  wherein  the  incident  angle  a  is  substantially  be- 

tween  7°  and  13°. 

13.  An  X-ray  tube  as  claimed  in  any  previous  claim, 
wherein  the  largest  dimension  of  the  focal  spot  (24) 

40  is  substantially  between  1  urn  and  100  urn. 

14.  An  X-ray  tube  as  claimed  in  any  of  claims  1  to  12, 
wherein  the  largest  dimension  of  the  focal  spot  (24) 
is  substantially  between  1  urn  and  25  urn. 

45 
15.  An  X-ray  tube  as  claimed  in  any  previous  claim, 

wherein  the  distance  from  the  focal  spot  (24)  to  the 
window  (31  )  is  substantially  in  the  range  2  to  8  mm. 

so  16.  A  barrier  means  for  preventing  scattered  electrons 
from  reaching  a  window  (31)  of  an  X-ray  tube  (7), 
comprising: 

an  X-ray  impermeable  wall  section  (15);  and 
55  at  least  one  X-ray  permeable  wall  section  (20) 

for  allowing  X-rays  to  pass  through  said  barrier 
means  towards  said  window  (31),  said  X-ray 
impermeable  and  permeable  wall  sections 

9. 
20 

55 
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(15,20)  being  impermeable  to  electrons. 

17.  A  barrier  means  as  claimed  in  claim  16,  wherein 
said  X-ray  permeable  wall  section  (20)  has  a  high 
melting  temperature.  s 

18.  A  barrier  means  as  claimed  in  claim  16  or  17, 
wherein  said  X-ray  impermeable  wall  section  (15) 
or  said  X-ray  permeable  wall  section  (20)  have  a 
high  thermal  conductivity.  10 
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