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Description 

This  invention  pertains  to  a  high  intensity 
source  of  X-rays  using  a  fluid  cooled  rotating  an- 
ode,  more  particularly  to  a  source  incorporating  a 
bellows  to  accommodate  relative  motions  of  the 
cathodes  and  anode. 

The  classic  X-ray  tubes  have  a  thermionic 
cathode  at  one  end  and  a  fixed  anode  at  the  other 
end.  Electrons  emitted  from  the  cathode  are  accel- 
erated  by  a  high  potential  and  impact  the  anode 
thereby  producing  X-rays.  The  electron  beam, 
which  must  be  tightly  focused  to  produce  a  high- 
definition  image,  produces  extreme  heating  of  the 
anode  target.  The  power  capability  of  this  tube  is 
limited  by  the  conductive  cooling  of  the  anode 
target. 

High  intensity  X-ray  sources  are  in  increasing 
demand  for  applications  such  as  X-ray  Lithography 
for  Producing  Integrated  Circuits,  Computerized 
Tomography  for  X-ray  Imaging,  and  for  X-ray  Dif- 
fraction  for  Analyzing  Materials.  High  intensity  X- 
ray  sources  can  be  constructed  by  impinging  a 
high  intensity  beam  of  electrons  on  an  anode,  but 
cooling  the  anode  becomes  a  significant  technical 
problem.  A  latter  advance  was  the  rotating-target 
tube  in  which  the  target  is  the  surface  of  a  metal 
disk  spinning  rapidly  on  bearings  inside  the  vacu- 
um  envelope  and  driven  by  the  rotor  of  an  electric 
induction  motor  whose  stator  is  outside  the  en- 
velope.  The  rotating  anode  spreads  the  heat  over 
an  annular  area  of  the  target  and  provides  much 
higher  power  for  a  short  operating  time,  as  in 
medical  radiography.  The  ultimate  cooling  of  the 
anode  is  mostly  by  thermal  radiation  in  the  high 
vacuum,  so  these  tubes  are  inadequate  for  heavy 
duty  operation.  One  has  to  wait  for  the  massive 
anode  to  slowly  cool. 

US-A-1  160  177  discloses  an  X-ray  tube  which 
uses  an  externally  applied  cooling  medium  with  a 
fixed  anode.  Some  improvement  in  distributing  the 
heat  from  the  beam  can  be  achieved  by  steering 
the  electron  beam  to  different  parts  of  the  anode. 
US-A-2  229  152  and  US-A-4  336  476  disclose  an 
anode  sealed  entirely  in  the  vacuum  which  rotates 
in  response  to  the  field  from  coils  exterior  to  the 
vacuum.  The  heat  from  the  anode  must  be  con- 
ducted  through  bearings  irradiated  through  the 
vacuum  to  an  external  cap.  US-A-4  128  782  dis- 
closes  an  X-ray  tube  having  a  cathode  rotatable 
relative  to  an  anode.  Electrons  from  a  rotating 
cathode  are  incident  on  a  stationary  anode  ring. 
The  X-rays  are  emitted  from  different  positions  in 
space  as  a  cathode  is  rotated.  For  most  applica- 
tions  it  is  important  that  the  X-rays  be  emitted  from 
a  fixed  position  in  space. 

US-A-2  209  963  discloses  an  X-ray  tube  com- 
prising  a  frame,  a  vacuum  chamber  being  mounted 

on  said  frame,  a  first  portion  of  said  vacuum  cham- 
ber  being  mounted  on  said  frame  for  rotation  about 
a  first  axis  fixed  with  reference  to  said  frame,  a 
second  portion  of  said  vacuum  chamber  being 

5  mounted  on  said  frame  for  rotation  about  a  second 
axis  that  intersects  said  first  axis  at  a  single  point, 
said  first  portion  of  said  vacuum  chamber  being 
adapted  to  transmit  rotary  motion  to  said  vacuum 
chamber,  a  bellows  having  a  curved  centreline, 

io  said  bellows  connecting  said  first  portion  to  said 
second  portion  so  that  said  vacuum  chamber  is 
formed,  an  anode  mounted  in  said  first  portion  of 
said  vacuum  chamber  and  fixed  relative  to  said 
chamber,  a  rigid  member  for  supporting  a  cathode 

75  mounted  on  the  rigid  member  in  said  vacuum 
chamber  in  opposition  to  said  anode,  means  for 
heating  the  cathode,  said  rigid  member  having  an 
elongated  portion  extending  into  said  bellows  and 
having  a  centreline  coinciding  with  said  second 

20  axis,  a  first  bearing  means  disposed  around  the 
elongated  portion  and  concentric  with  said  first  axis 
and  second  bearing  means  disposed  around  said 
elongated  portion  and  concentric  with  said  second 
axis.  The  rigid  member  and  the  cathode  in  this 

25  reference  are  constrained  to  rotate  with  the  second 
portion  of  the  vacuum  chamber;  the  present  inven- 
tion  differs  from  this  arrangement  in  arranging  said 
centreline  in  a  first  portion  of  said  elongated  portion 
coinciding  with  said  first  axis  and  in  a  second 

30  portion  coinciding  with  said  second  axis,  and  in 
arranging  the  bearing  means  to  permit  the  rotation 
of  the  vacuum  chamber  while  constraining  the  rigid 
member  and  the  cathode  mounted  thereon  to  re- 
main  stationary  relative  to  said  frame.  EP-A-0  187 

35  020  describes  methods  by  which  the  anode  is 
rotated  while  the  cathode  is  operationally  fixed  in 
space.  One  method  is  to  have  the  rotating  ther- 
mionic  cathode  emit  along  the  axis  of  rotation  and 
the  electron  beam  is  deflected  by  a  stationary 

40  magnetic  field  to  a  stationary  spot  on  the  rotating 
anode.  In  another  variation,  the  cathode  is  held 
stationary  off  axis  by  hanging  on  bearings  from  the 
rotating  envelope  and  being  held  stationary  by  a 
magnetic  or  gravitational  field. 

45  Examples  of  the  invention  and  of  the  prior  art 
will  now  be  described  with  reference  to  the  accom- 
panying  drawings  in  which: 

FIG.  1  shows  a  schematic  sectional  drawing  of 
apparatus  which  is  not  an  embodiment  of  the 

50  invention. 
FIG.  2  shows  a  schematic  sectional  drawing 
apparatus  which  is  not  an  embodiment  of  the 
invention. 
FIG.  3  shows  a  schematic  sectional  drawing  of 

55  apparatus  which  is  not  an  embodiment  of  the 
invention. 
FIG.  4  shows  a  schematic  sectional  drawing  of 
an  embodiment  of  the  invention. 
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FIG.  5  shows  a  blow-up  of  a  part  of  FIG.  4 
encompassed  by  the  line  5-5  of  FIG.  4. 
FIG.  6  shows  a  schematic  sectional  drawing  of 
an  alternative  embodiment  of  the  tube  of  FIG.  4. 
FIG.  7  shows  a  schematic  sectional  drawing  of 
alternative  embodiment  of  the  tube  of  FIG.  6. 

Referring  now  to  the  drawings  wherein  refer- 
ence  numerals  are  used  to  designate  parts 
throughout  the  various  figures  thereof,  there  is 
shown  in  Figure  1,  a  vacuum  enclosing  shell  10, 
including  an  anode  support  12,  a  window  14,  an 
insulating  cylinder  16,  the  cathode  support  17,  a 
bellows  18,  and  a  cathode  stabilizer  20.  These 
parts  can  all  be  hard  soldered  or  brazed  together 
such  that  the  enclosed  volume  can  be  pumped  out 
and  maintained  under  high  vacuum  conditions.  A 
motor  22  rotates  this  whole  shell  10  at  a  high 
angular  speed  of  several  thousand  RPM's.  As 
shown,  the  motor  22  supports  one  end  of  this 
structure  through  the  insulating  coupling  24  and  the 
other  end  is  supported  by  shell  bearings  26  which 
have  a  rotational  axis  A2  common  to  that  of  the 
motor  22.  In  addition,  internal  bearings  28  are 
aligned  on  the  same  axis  so  that  the  internal  cath- 
ode  can  be  maintained  at  a  fixed  position  as  the 
shell  rotates.  The  cathode  is  constrained  from  rotat- 
ing  by  the  cathode  stabilizer  20  on  the  axis  A1 
which  is  offset  from  the  motor  axis  A2.  In  this 
sketch  the  two  axes  A1  and  A2  are  shown  parallel 
to  each  other.  However,  the  cathode  stabilizer  axis 
may  also  be  tilted  with  respect  to  the  motor  axis 
and  so  long  as  the  cathode  stabilizer  bearings  32 
and  33  are  properly  supported  and  maintain  a 
common  axis  with  each  other.  In  order  to  couple 
heater  power  to  the  cathode  34,  a  transformer  with 
a  primary  36  outside  of  the  rotating  shell  is  mag- 
netically  coupled  through  the  insulating  cylinder  16 
to  the  secondary  38  of  the  transformer  which  is 
attached  to  the  stationary  cathode  member  39  in- 
side  of  the  rotating  shell  10.  Power  is  thereby 
coupled  from  the  outside  to  the  interior  cathode 
structure.  The  positive  high  voltage  is  applied  to 
the  anode  support  12  by  a  slip  ring  40  on  the 
driving  shaft.  This  voltage  may  be  insulated  from 
the  motor  by  the  insulating  mechanical  coupling 
24.  The  negative  supply  may  be  coupled  to  the 
cathode  through  another  slip  ring  or  through  bear- 
ings  26  and  28  or  through  bearings  32  and  33. 
Although  the  cathode  stabilizer  20  rotates  along 
with  the  rest  of  the  structure,  its  axis  is  fixed  with 
respect  to  the  base  46  and  does  not  coincide  with 
the  motor  axis.  The  internal  cathode  support  42  is 
constrained  from  rotating  by  its  contact  with  the 
cathode  stabilizer  20.  In  this  configuration  the  cath- 
ode  34  is  stationary  with  respect  to  the  motor  22  so 
that  the  electron  beam  pattern  provided  can  be 
rectangularly  shaped  if  desired,  permitting  the 
bombardment  pattern  on  the  anode  44  also  to  be  in 

the  form  of  a  rectangle  with  the  long  axis  along  the 
radial  direction  of  the  anode  44.  When  such  a 
pattern  is  viewed  obliquely  through  the  window, 
one  can  achieve  a  foreshortened  view  of  the  elon- 

5  gated  pattern  and  thereby  attain  effectively  a  small 
X-ray  source  spot  size.  This  technique  is  used  in 
order  to  spread  the  heat  out  along  the  radial  direc- 
tion  of  the  anode  44  and  thereby  reduce  the  in- 
stantaneous  heat  load  to  the  anode  44  and  still 

io  obtain  the  small  X-ray  spot  size.  The  motor  22, 
stabilizer  bearings  32  and  primary  36  are  all  moun- 
ted  on  a  base  46. 

Another  X-ray  tube  configuration  is  sketched  in 
Fig.  2.  This  configuration  is  much  like  that  of  Fig.  1 

is  except  the  cathode  134  is  directly  attached  to  the 
cathode  support  member  136.  The  electrical  power 
leads  for  the  heater  are  coupled  to  the  region 
outside  the  vacuum  and  to  the  power  supply  138 
through  a  standard  vacuum  feedthrough  140  and 

20  then  coupled  to  the  external  heater  current  source 
through  a  pair  of  slip  rings  142.  Since  the  cathode 
134  itself  rotates  relative  to  the  anode  in  this  con- 
figuration,  one  must  use  a  cathode  geometry  that 
emits  a  circular  electron  beam  pattern  so  that  the 

25  X-ray  pattern  will  be  independent  of  the  angular 
position  of  the  cathode  134  or  anode  144.  With  the 
proper  electron  optics,  one  can  still  achieve  a  re- 
duction  in  the  instantaneous  anode  power  density 
by  having  the  electrons  impact  the  anode  144  at  a 

30  substantial  angle  from  the  normal  to  the  anode 
surface.  By  taking  the  X-rays  off  at  the  same  angle 
but  on  the  opposite  side  of  the  normal,  one 
achieves  the  desired  foreshortening  of  the  X-ray 
spot  size. 

35  Figure  3  shows  a  third  configuration  where  the 
bellows  218  are  used  on  the  anode  side  of  the  tube 
rather  than  the  cathode  side.  This  permits  the  use 
of  a  small  circular  X-ray  window  214.  In  this  con- 
figuration  the  cathode  234  is  in  the  form  of  a  circle 

40  that  surrounds  the  X-ray  window  214.  The  focus 
electrode  242  causes  the  electrons  to  form  a  con- 
verging  cone  that  is  incident  upon  the  anode  244. 
To  reduce  the  instantaneous  heat  load  on  the  an- 
ode,  a  V-groove  anode  configuration  may  be  used. 

45  The  V-groove  permits  a  spreading  of  the  instanta- 
neous  electron  heating  over  a  larger  anode  surface 
area.  The  X-rays  are  extracted  through  the  X-ray 
window  214  so  they  leave  the  anode  244  surface  at 
approximately  the  same  angle  that  the  electrons 

50  arrived  permitting  the  proper  foreshortening  of  the 
X-ray  spot  size.  The  V-groove  geometry  also  per- 
mits  a  more  symmetric  distribution  of  the  X-ray 
intensity  and  energies  making  this  configuration  a 
good  candidate  as  a  source  for  X-ray  lithography. 

55  As  in  the  example  of  Fig.  2,  feedthroughs  are  used 
in  order  to  couple  the  heater  current  to  the  external 
world  and  slip  rings  are  used  to  couple  the  current 
to  the  filament  current  source.  The  X-ray  anode 
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244  is  contained  almost  completely  within  the 
vacuum  enclosure  210.  It  may  be  readily  cooled  by 
circulating  a  liquid  coolant  within  the  anode  struc- 
ture  by  bringing  the  liquid  in  and  out  through 
channels  in  the  drive  shaft.  The  coolant  gland  246 
permits  one  to  circulate  the  fluid  through  an  exter- 
nal  heat  exchanger.  In  all  of  the  configurations  an 
insulating  coupling  can  be  used  as  in  Fig.  1  to 
electrically  isolate  the  motor  222  from  the  X-ray 
anode.  Electrically  insulating  coolants  should  be 
used  whenever  the  anode  is  not  grounded.  External 
bearings  248  are  provided  for  the  anode  244  and 
for  the  insulating  cylinder  216.  No  internal  bearings 
are  contained  in  the  examples  shown  in  Figs.  2  and 
3  so  that  the  vacuum  bearing  problems  of  earlier 
rotating-anode  X-ray  tubes  are  eliminated. 

Although  fairly  sharp  bending  of  the  bellows  is 
shown  in  all  of  the  sketches,  one  can  readily  go  to 
smaller  bending  angles  by  extending  the  length  of 
the  structure.  The  bellows  life  will  depend  upon  the 
bending  angle,  their  length  and  size.  In  Figs.  1  and 
2  a  cylindrical  window  is  shown  that  traverses  the 
entire  circumference  of  the  vacuum  cylinder.  In 
practice,  this  window  may  just  be  part  of  the  in- 
sulating  cylinder  as  materials  such  as  alumina  have 
low  loss  to  X-rays  as  well  as  good  insulating  prop- 
erties.  Another  question  deals  with  the  choice  of 
coolant  and  the  exact  cooling  configuration.  The 
present  generation  of  rotating  anode  X-ray  tubes 
for  medical  use  have  balanced  power  supplies  with 
the  anode  positive  with  respect  to  ground  and  the 
cathode  negative  with  respect  to  ground.  If  the 
whole  tube  is  immersed  in  oil,  then  one  must  be 
concerned  about  the  drag  of  the  oil.  By  confining 
the  oil  to  the  back  of  the  anode  region  (which  is 
compatible  with  all  three  configurations),  then  one 
would  expect  very  little  drag  by  the  oil,  particularly 
if  the  oil  is  fed  in  and  out  close  to  the  axis  of 
rotation.  The  remainder  of  the  tube  could  easily  be 
cooled  by  air  or  another  gas. 

There  is  shown  in  Fig.  4  an  embodiment  simi- 
lar  to  the  example  disclosed  in  Fig.  1.  Here  the 
bellows  arrangement  is  slightly  different,  requiring 
only  a  single  twist  of  the  bellows  320  as  opposed 
to  a  double  twist.  The  advantage  of  this  arrange- 
ment  is  that  for  a  given  offset,  one  provides  less 
stress  to  the  bellows,  and  results  in  longer  bellow 
lifetimes.  Here  a  shaft  308  extends  through  the 
bearings  310  and  314  that  support  the  cathode  302 
and  bends  to  follow  the  contour  of  the  bellows  320. 
At  the  end  is  a  spring-loaded  ball  contact  330  that 
locks  the  cathode  in  place  so  that  it  does  not  rotate 
and  provides  the  dc  path  for  the  anode  to  cathode 
current.  As  was  shown  in  the  above  examples, 
heater  current  is  provided  by  a  thru-the-wall  trans- 
former  that  magnetically  couples  ac  power  from  the 
region  outside  of  the  rotating  ceramic  cylinder  to 
the  inside  coil  which  in  turn  is  connected  to  the 

cathode  heater.  Experiments  have  been  done  that 
demonstrate  such  a  transformer  system  operating 
at  13.56  MHz  can  provide  adequate  power  to  the 
heater. 

5  Figure  4  also  shows  a  way  of  cooling  the 
backside  of  the  anode  which  was  not  explicitly 
shown  in  any  of  the  embodiments  above.  Several 
cooling  arrangements  were  shown  in  an  earlier 
disclosure  which  has  now  been  filed  as  U.S.  Patent 

w  Application,  Serial  No.  06/683,982. 
The  tube  of  FIG.  4  has  a  rotating  glass  or 

ceramic  insulator  300,  a  fixed  cathode  302  and  a 
rotating  anode  304.  The  cathode  302  is  mounted 
on  a  cathode  support  306  which  is  attached  to  a 

is  fixed  shaft  308.  A  first  set  of  two  bearings  310, 
allow  the  shaft  308  to  remain  fixed  while  the  bear- 
ing  support  312  rotates  around  it.  A  second  set  of 
two  bearings  314  separates  the  rotating  bearing 
support  312  from  the  support  frame  316.  With  a 

20  glass  tube  envelope  300  a  sealing  ring  318  at  both 
ends  provide  a  glass-to-metal  seal.  The  bearing 
support  312  is  also  sealed  to  the  bellows  320.  An 
opposite  end  of  the  bellows  is  sealed  to  the  end 
cap  322.  Within  the  end  cap  322  an  inner  bearing 

25  324  constrains  the  motion  of  the  fixed  shaft  308, 
thereby  permitting  the  end  cap  322  and  bellows 
320  to  rotate  around  the  shaft  308.  The  end  cap 
322  is  mounted  on  the  support  frame  316  with  a 
pair  of  bearings  326.  Negative  high  voltage  is  fed 

30  to  the  cathode  via  a  slip  ring  328.  Electrical  contact 
is  maintained  between  the  end  cap  322  and  the 
shaft  308  with  a  spring-loaded  ball  330.  FIG.  5 
shows  additional  detail  of  the  anode  end  of  the 
tube  of  FIG.  4. 

35  The  rotating  glass  insulator  300  is  attached  to 
the  anode  304  with  a  second  sealing  ring  318.  The 
anode  304  is  attached  to  an  insulating  ring  334 
made  of  a  suitable  plastic  or  ceramic  insulator. 
Within  the  anode  304,  a  stator  336,  supported  by 

40  the  shaft  338  is  used  to  divert  coolant  around  the 
inside  of  the  anode  to  achieve  maximum  cooling 
efficiency.  The  shaft  338  is  kept  from  rotating  by 
attachment  of  the  coolant  manifold  370  at  its  end  to 
the  support  frame  316.  Within  the  shaft  338  there 

45  are  passages  for  inflow  340  and  outflow  342  of 
coolant  to  the  anode  304.  A  rod  344  down  the 
center  of  the  shaft  338  maintains  positive  electric 
potential  on  the  anode  304  via  a  spring-loaded  ball 
346.  An  O-ring  347  provides  a  coolant  seal  be- 

50  tween  the  insulating  ring  334  and  the  back  of  the 
anode  304.  A  metal  ring  348  attached  to  the  out- 
side  end  of  the  insulating  ring  334  has  a  graphite 
face  350.  The  metal  ring  348  and  graphite  face  350 
are  part  of  the  rotating  assembly.  A  stationary 

55  lapped  silicon  carbide  ring  352  is  in  sliding  contact 
with  the  graphite  face  350  to  provide  a  rotating 
water-tight  seal.  A  seal  between  the  ring  352  and 
the  shaft  338  is  provided  with  an  O-ring  354  com- 

4 
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pressed  by  collar  356.  A  cylindrical  bearing  support 
ring  358  is  mechanically  attached  to  both  the  ring 
348  and  the  insulating  ring  334.  An  O-ring  359 
provides  the  coolant  seal  between  metal  ring  348 
and  insulating  ring  334.  The  cylindrical  bearing 
support  ring  358  is  isolated  from  the  frame  316 
with  a  pair  of  bearings  360. 

As  shown  in  FIG.  4,  a  pulley  362  is  also  at- 
tached  to  the  cylindrical  bearing  support  ring  358 
between  the  pair  of  bearings  360.  A  belt  364  driven 
by  a  drive  pulley  366  and  motor  368  is  used  to 
drive  the  pulley  362  and  the  anode  assembly.  At 
the  outer  end  of  the  shaft  338,  a  coolant  manifold 
370  is  used  to  distribute  the  coolant  and  support 
the  shaft  338.  An  insulating  plate  372  is  attached  to 
the  insulating  ring  334  to  prevent  arcing  between 
the  sealing  ring  318  and  parts  of  the  frame  316.  A 
single  turn  secondary  coil  374  attached  to  the 
cathode  support  306  is  used  to  power  the  heater 
for  the  cathode.  The  primary  376  located  outside 
the  tube  is  concentric  with  the  secondary  and  op- 
erates  at  13.56  MHz. 

In  an  alternative  embodiment  shown  in  FIG.  6, 
the  cathode  assembly  400  is  mounted  via  a  shaft 
402  and  pair  of  bearings  404  to  an  internal  support 
406.  At  the  opposite  end  of  the  shaft  402,  a  cath- 
ode  positioner  408  is  held  fixed  in  space  by  a  shaft 
410  having  a  spring-loaded  bearing  412.  The  shaft 
410  rotates  with  the  bellows  414  which  is  attached 
to  the  rotating  insulator  418  and  anode  as  in  the 
previous  embodiment.  The  cathode  416  is  fixed  in 
space  and  decoupled  from  the  motion  of  the  shaft 
410  by  the  bearing  412. 

In  another  alternative  embodiment  shown  in 
FIG.  7,  the  shaft  410  is  replaced  by  the  shaft  420 
and  the  cathode  positioner  408  is  replaced  by  the 
cathode  positioner  424.  The  functions  of  the  shaft 
and  cathode  positioner  remain  the  same,  but  a  ring 
bearing  422  fitted  into  the  cathode  positioner  424 
provides  for  relative  rotation  of  the  rod  420. 

The  bellows  used  in  such  a  tube  must  be 
compatible  with  bakeout  in  a  high  vacuum  environ- 
ment  and  with  continuous  flexure  during  rotation. 
Such  bellows  are  generally  stainless  steel  or  in- 
conel  bellows  with  welded  joints  at  flexure  points. 
(Sources  of  supply  are:  the  Metal  Bellows  Co., 
1075  Providence  Hwy.,  Sharon,  MA  02067,  USA; 
John  Crane-Houdaille,  Inc.,  6400  West  Oakton 
Street,  Morton  Grove,  IL  60053,  USA). 

Claims 

1.  An  X-ray  tube  comprising  a  frame  (316),  a 
vacuum  chamber  being  mounted  on  said 
frame,  a  first  portion  (312)  of  said  vacuum 
chamber  being  mounted  on  said  frame  for 
rotation  about  a  first  axis  fixed  with  reference 
to  said  frame,  a  second  portion  (322)  of  said 

vacuum  chamber  being  mounted  on  said 
frame  for  rotation  about  a  second  axis  that 
intersects  said  first  axis  at  a  single  point,  said 
first  portion  of  said  vacuum  chamber  being 

5  adapted  to  transmit  rotary  motion  to  said  vacu- 
um  chamber,  a  bellows  (320)  having  a  curved 
centreline,  said  bellows  connecting  said  first 
portion  to  said  second  portion  so  that  said 
vacuum  chamber  is  formed,  an  anode  (304) 

io  mounted  in  said  first  portion  of  said  vacuum 
chamber  and  fixed  relative  to  said  chamber,  a 
rigid  member  (306,  308)  supporting  a  cathode 
(302)  mounted  on  the  rigid  member  in  said 
vacuum  chamber  in  opposition  to  said  anode, 

is  means  (374,  376)  for  heating  the  cathode,  said 
rigid  member  having  an  elongated  portion 
(308)  extending  into  said  bellows  and  having  a 
centreline,  the  centreline  in  a  first  portion  of 
said  elongated  portion  coinciding  with  said  first 

20  axis  and  the  centreline  in  a  second  portion  of 
said  elongated  portion  coinciding  with  said 
second  axis,  a  first  bearing  means  (310,  314) 
disposed  around  the  first  portion  of  the  elon- 
gated  portion  and  concentric  with  said  first  axis 

25  and  second  bearing  means  (324,  326)  dis- 
posed  around  said  second  portion  of  said  elon- 
gated  portion  and  concentric  with  said  second 
axis, 
the  bearing  means  (310,  314,  324,  326)  being 

30  arranged  to  permit  the  rotation  of  the  vacuum 
chamber  while  constraining  the  rigid  member 
(306,308)  and  the  cathode  (302)  mounted 
thereon  to  remain  stationary  relative  to  said 
frame  (316). 

35 
2.  An  X-ray  tube  as  claimed  in  claim  1  wherein 

said  means  for  heating  said  cathode  comprises 
a  transformer,  a  primary  (376)  of  said  trans- 
former  being  located  outside  said  vacuum 

40  chamber  and  a  secondary  (374)  of  said  trans- 
former  being  mounted  on  said  cathode  support 
means. 

3.  An  X-ray  as  claimed  in  claim  1  or  claim  2 
45  wherein  said  curved  centreline  of  said  bellows 

coincides  with  the  centreline  of  a  third  portion 
of  said  elongated  portion,  said  third  portion 
being  between  said  first  portion  of  said  elon- 
gated  member  and  said  second  portion  of  said 

50  elongated  member. 

4.  An  X-ray  tube  as  claimed  in  any  one  of  claims 
1  to  3  further  including  a  hollow  shaft  (338) 
coaxial  with  said  first  axis  and  fixed  to  said 

55  frame  for  conveying  coolant  to  said  anode. 

5.  An  X-ray  tube  as  claimed  in  claim  4  further 
including  a  stator  (336)  attached  to  said  shaft, 

5 
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said  stator  being  disposed  in  a  recess  in  said 
anode  to  form  a  passage  for  conveying  cool- 
ant. 

6.  An  X-ray  tube  as  claimed  in  any  one  of  claims 
1  to  5  wherein  said  second  portion  of  said 
vacuum  chamber  comprises  a  member  for 
pressing  against  a  spring  loaded  ball  (330)  for 
contacting  an  end  of  said  second  portion  of 
said  elongated  member  to  transmit  an  elec- 
trical  potential  to  said  cathode. 

Patentanspruche 

1.  Rontgenrohre, 
mit  einem  Rahmen  (316), 
mit  einer  auf  dem  Rahmen  angeordneten  Va- 
kuumkammer,  von  der  ein  erster  Abschnitt 
(312)  auf  dem  Rahmen  angeordnet  ist  und  urn 
eine  erste  rahmenfeste  Achse  drehbar  ist,  wo- 
bei  ein  zweiter  Abschnitt  der  Vakuumkammer 
auf  dem  Rahmen  angeordnet  ist  und  urn  eine 
zweite  Achse  drehbar  ist,  welche  die  erste 
Achse  in  einem  einzigen  Punkt  schneidet,  wo- 
bei  der  erste  Abschnitt  der  Vakuumkammer  in 
der  Lage  ist,  eine  Drehbewegung  auf  die  Vaku- 
umkammer  zu  ubertragen, 
mit  einem  Balg  (320)  mit  einer  gekrummten 
Mittellinie,  der  den  ersten  Abschnitt  mit  dem 
zweiten  Abschnitt  unter  Bildung  der  Vakuum- 
kammer  verbindet,  mit  einer  Anode  (304),  die 
in  dem  ersten  Abschnitt  der  Vakuumkammer 
angeordnet  und  relativ  zur  Kammer  fixiert  ist, 
mit  einem  steifen  Element  (306,  308),  das  eine 
gegenuber  der  Anode  auf  dem  steifen  Element 
in  der  Vakuumkammer  montierte  Kathode 
(302)  tragt,  mit  Mitteln  (374,  376)  zum  Heizen 
der  Kathode,  wobei  das  steife  Element  einen 
langlichen  Abschnitt  (308)  aufweist,  der  sich  in 
den  Balg  hineinerstreckt  und  der  eine  Mittelli- 
nie  besitzt,  welche  sich  in  einem  ersten  Ab- 
schnitt  des  langlichen  Elements  mit  der  ersten 
Achse  deckt  und  welche  sich  in  einem  zweiten 
Abschnitt  des  langlichen  Elements  mit  der 
zweiten  Achse  deckt, 
mit  ersten  Lagermitteln  (310,  314),  die  urn  den 
ersten  Abschnitt  des  langlichen  Elements  her- 
um  konzentrisch  zur  ersten  Achse  angeordnet 
sind, 
mit  zweiten  Lagermitteln  (324,  326),  die  urn 
den  zweiten  Abschnitt  des  langlichen  Elements 
herum  konzentrisch  zur  zweiten  Achse  ange- 
ordnet  sind, 
wobei  die  Lagermittel  (310,  314,  324,  326)  so 
angeordnet  sind,  dal3  sie  die  Drehung  der  Va- 
kuumkammer  ermoglichen,  wahrend  sie  das 
steife  Element  (306,  308)  und  die  darauf  mon- 
tierte  Kathode  (302)  zwingen,  relativ  zum  Rah- 

men  (316)  stationar  zu  bleiben. 

2.  Rontgenrohre  nach  Anspruch  1,  in  der  die 
Mittel  zum  Heizen  der  Kathode  einen  Transfor- 

5  mator  enthalten,  dessen  Primarseite  (376)  au- 
Berhalb  der  Vakuumkammer  angeordnet  ist, 
und  dessen  Sekundarseite  (374)  auf  dem  Ka- 
thoden-Tragermittel  angeordnet  ist. 

io  3.  Rontgenrohre  nach  Anspruch  1  oder  2,  in  der 
die  gekrummte  Mittellinie  des  Balgs  sich  mit 
der  Mittellinie  eines  dritten  Abschnitts  des 
langlichen  Abschnitts  deckt,  der  zwischen  dem 
ersten  Abschnitt  und  dem  zweiten  Abschnitt 

is  des  langlichen  Elements  angeordnet  ist. 

4.  Rontgenrohre  nach  einem  der  Anspruche  1  bis 
3,  desweiteren  mit  einem  hohlen  Schaft  (338) 
zum  Transport  von  Kuhlmitteln  zur  Anode,  der 

20  koaxial  zur  ersten  Achse  verlauft  und  an  dem 
Rahmen  befestigt  ist. 

5.  Rontgenrohre  nach  Anspruch  4,  desweiteren 
mit  einem  an  dem  Schaft  befestigten  Stator 

25  (336),  der  in  einer  Ausnehmung  in  der  Anode 
angeordnet  ist,  urn  eine  Passage  zum  Trans- 
port  des  Kuhlmittels  zu  bilden. 

6.  Rontgenrohre  nach  einem  der  Anspruche  1  bis 
30  5,  in  der  der  zweite  Abschnitt  der  Vakuumkam- 

mer  ein  Element  zum  Ausuben  eines  Drucks 
gegen  eine  federbelastete  Kugel  (330)  auf- 
weist,  urn  ein  Ende  des  zweiten  Abschnitts  des 
langlichen  Elements  zu  beruhren  und  dadurch 

35  ein  elektrisches  Potential  an  die  Kathode  zu 
ubertragen. 

Revendicatlons 

40  1.  Tube  a  rayons  X  comprenant  un  cadre  (316), 
une  chambre  a  vide  etant  montee  sur  ledit 
cadre,  une  premiere  partie  (312)  de  ladite 
chambre  a  vide  etant  montee  sur  ledit  cadre 
pour  tourner  autour  d'un  premier  axe  fixe  par 

45  rapport  audit  cadre,  une  seconde  partie  (322) 
de  ladite  chambre  a  vide  etant  montee  sur 
ledit  cadre  pour  tourner  autour  d'un  second 
axe  qui  coupe  le  premier  axe  en  un  seul  point, 
ladite  premiere  partie  de  ladite  chambre  a  vide 

50  etant  adaptee  pour  transmettre  le  mouvement 
de  rotation  a  ladite  chambre  a  vide,  un  soufflet 
(320)  ayant  un  axe  central  courbe,  ledit  soufflet 
reliant  ladite  premiere  partie  a  ladite  seconde 
partie  de  telle  sorte  que  ladite  chambre  a  vide 

55  soit  formee,  une  anode  (304)  montee  dans 
ladite  premiere  partie  de  ladite  chambre  a  vide 
et  fixe  par  rapport  a  ladite  chambre,  un  ele- 
ment  rigide  (306,  308)  supportant  une  cathode 

6 
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(302)  montee  sur  I'element  rigide  dans  ladite 
chambre  a  vide  a  I'oppose  de  ladite  anode, 
des  moyens  (374,  376)  pour  chauffer  la  catho- 
de,  ledit  element  rigide  ayant  une  partie  (308) 
de  forme  allongee  s'etendant  dans  ledit  souf- 
flet  et  ayant  un  axe  central,  I'axe  central  dans 
une  premiere  partie  de  ladite  partie  de  forme 
allongee  co'fncidant  avec  ledit  premier  axe  et 
I'axe  central  dans  une  seconde  partie  de  ladite 
partie  de  forme  allongee  co'fncidant  avec  ledit 
second  axe,  des  premiers  moyens  (310,  314) 
formant  palier  disposes  autour  de  la  premiere 
partie  de  la  partie  de  forme  allongee  et 
concentriques  audit  premier  axe  et  des  se- 
conds  moyens  (324,  326)  formant  palier  dispo- 
ses  autour  de  ladite  seconde  partie  de  ladite 
partie  de  forme  allongee  et  concentriques  audit 
second  axe,  les  moyens  formant  paliers  (310, 
314,  324,  326)  etant  agences  pour  permettre  la 
rotation  de  la  chambre  a  vide  tout  en  contrai- 
gnant  I'element  rigide  (306,  308)  et  la  cathode 
(302)  montee  sur  celui-ci  a  rester  fixes  par 
rapport  audit  cadre  (316). 

2.  Tube  a  rayons  X  selon  la  revendication  1  dans 
lequel  lesdits  moyens  pour  chauffer  ladite  ca- 
thode  comportent  un  transformateur,  un  primai- 
re  (376)  dudit  transformateur  etant  situe  a  I'ex- 
terieur  de  ladite  chambre  a  vide  et  un  secon- 
dare  (374)  dudit  transformateur  etant  monte 
sur  ledit  moyen  formant  support  de  cathode. 

3.  Tube  a  rayons  X  selon  la  revendication  1  ou  la 
revendication  2  dans  lequel  ledit  axe  central 
courbe  dudit  soufflet  coincide  avec  I'axe  cen- 
tral  d'une  troisieme  partie  de  ladite  partie  de 
forme  allongee,  ladite  troisieme  partie  etant 
entre  ladite  premiere  partie  dudit  element  de 
forme  allongee  et  ladite  seconde  partie  dudit 
element  de  forme  allongee. 

4.  Tube  a  rayons  X  selon  I'une  quelconque  des 
revendications  1  a  3  comprenant  en  outre  un 
arbre  creux  (338)  coaxial  audit  premier  axe  et 
fixe  audit  cadre  pour  transporter  un  refrigerant 
vers  ladite  anode. 

avec  une  extremite  de  ladite  seconde  partie 
dudit  element  de  forme  allongee  afin  de  tran- 
smettre  un  potentiel  electrique  a  ladite  catho- 
de. 
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5.  Tube  a  rayons  X  selon  la  revendication  4  com- 
prenant  en  outre  un  stator  (336)  fixe  audit 
arbre,  ledit  stator  etant  dispose  dans  un  creux  so 
dans  ladite  anode  pour  former  un  passage 
pour  le  transport  du  refrigerant. 

6.  Tube  a  rayons  X  selon  I'une  quelconque  des 
revendications  1  a  5  dans  lequel  ladite  secon-  55 
de  partie  de  ladite  chambre  a  vide  comporte 
un  element  pour  appuyer  contre  une  bille  (330) 
chargee  par  un  ressort  pour  venir  en  contact 
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