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of  difference  images  in  which  soft  tissue  and  bone 
are  subtracted  out  while  the  contrast  medium 
remains  to  enable  visualization  of  the  interior 
outline  of  the  vessel. 

In  one  hybrid  digital  subtraction  fluorography 
mode,  a  sequence  of  rapidly  occurring  low  and 
high  energy  exposures  are  made  continuously 
through  the  pre-contrast  interval,  the  post-con- 
trast  interval  and  an  after-post-contrast  interval. 
The  first  low  energy  exposure  or  image  is 
retained  in  a  memory  as  a  mask.  Similarly,  the 
first  high  energy  exposure  image  is  stored  in  a 
memory  as  a  mask.  Then  all  of  the  subsequent 
low  energy  images  in  the  sequence  are  sub- 
tracted  from  the  mask  and  the  resulting  series  of 
difference  images  are  converted  to  analog  video 
format  and  stored  on  video  disk.  The  alternate 
subsequent  high  energy  images  are  subtracted 
from  the  high  energy  mask  and  stored  on  disk. 
Subtracting  images  or  exposures  made  at  identi- 
cal  energy  levels  with  a  substantial  amount  of 
time  between  them  is  called  temporal  subtrac- 
tion.  This  type  of  subtraction  cancels  everything 
that  is  unchanged  in  the  respective  images.  For 
instance,  ordinarily  bone  and  soft  tissue  attenua- 
tion  will  be  unchanged  from  image  to  image  but 
projected  intensity  of  the  contrast  medium  will 
not  be  so  substantially  everything  but  the  contrast 
medium  will  subtract  out  or  cancel.  If  there  is 
substantial  movement  of  the  patient's  tissue  such 
as  due  to  peristalsis  or  coughing  in  the  course  of  a 
temporal  subtraction  procedure,  there  will  be 
motion  artifacts  in  the  subtracted  images  which 
will  not  cancel.  Noise  and  motion  artifacts  may  be 
eliminated  by  resorting  to  hybrid  subtraction. 

For  hybrid  subtraction,  all  of  the  low  energy 
temporal  difference  images  are  summed. 
Similarly,  all  of  the  high  energy  temporal  differ- 
ence  images  are  summed.  Then  the  results  of  the 
two  summations  are  subtracted  to  produce  a  final 
difference  image  in  which  soft  tissue  and  bone 
and  anything  else  that  remains  constant  is  cancel- 
led  out  while  the  contrast  medium  that  defines 
the  blood  vessel  remains. 

In  any  case,  it  is  desirable  to  be  able  to  produce 
the  low  and  high  x-ray  energy  pulses  in  a  pair 
rapidly  and  as  close  together  as  possible  so  there 
can  be  no  substantial  involuntary  movement  of 
the  patient  between  a  low  energy  pulse  and  the 
next  ensuing  high  energy  pulse. 

Besides  a  hybrid  subtraction  requiring  accurate 
timing  of  the  x-ray  pulses,  it  is  important  to  apply 
the  identical  kilovoltage  and  have  the  same  x-ray 
tube  current  for  every  low  and  high  energy 
exposure  in  a  sequence.  It  is  also  necessary  for 
the  x-ray  tube  current  or  mA  to  be  low  for  high 
kilovoltage  and  for  the  mA  to  be  high  for  low 
kilovoltage  so  that  the  intensities  of  the  photons 
that  emerge  from  the  body  are  substantially 
identical  for  the  low  and  high  energy  exposures. 

The  bias  voltage  applied  to  the  grid  of  an  x-ray 
tube  can  be  reduced  to  zero  volts  for  the  low 
energy  or  low  kilovoltage  pulses,  allowing  full 
mA,  and  a  more  negative  bias  voltage  can  be 
applied  during  the  alternate  high  kilovoltage 

Description 

Background  of  the  invention 
This  invention  relates  to  a  circuit  for  controlling 

the  bias  voltage  on  an  x-ray  or  other  type  of  5 
vacuum  tube  to  provide  for  the  tube  conducting 
low  current  when  there  is  a  high  voltage  drop 
between  its  anode  and  cathode  and  high  current 
when  there  is  a  low  voltage  drop  between  its 
anode  and  cathode.  w 

The  new  bias  control  was  developed  primarily 
for  solving  the  problems  that  arise  in  connection 
with  switching  an  x-ray  tube  between  high  energy 
and  low  energy  output  states  as  is  required  in 
digital  fluorography,  particularly  hybrid  digital  15 
subtraction  fluorography  (DSF)  such  as  described 
in  EP—  A—  0  052  269. 

One  hybrid  DSF  method  requires  projecting  low 
and  high  energy  x-ray  beam  pulses  of  several  . 
millisecond  durations  alternately  through  a  20 
patient.  It  is  desirable  for  the  pulses  to  be 
separated  by  no  more  than  two  television  frame 
times.  There  may  be  50  to  80  high  and  low  energy 
pulse  pairs  produced  in  a  typical  x-ray  exposure 
sequence  extending  over  several  seconds.  By  25 
way  of  example,  and  not  limitation,  the  peak 
kilovoltage  applied  to  the  anode  of  the  x-ray  tube 
may  be  around  135  kilovolts  for  the  high  energy 
exposures  and  the  x-ray  tube  current  may  be  on 
the  order  of  100  milliamperes  (mA).  For  the  low  30 
energy  exposure  pulses,  the  peak  anode  voltage 
may  be  on  the  order  of  70  kilovolts  and  x-ray  tube 
current  may  be  as  high  as  1000  mA.  Usually,  the 
individual  x-ray  pulses  will  be  delivered  within  a 
single  television  frame  time  which  is  typically  1/30  35 
or  1/25  of  a  second. 

The  terms  low  x-ray  energy  and  high  x-ray 
energy  are  used  for  convenience.  It  would  be 
more  accurate  to  say  that  they  are  low  and  high 
average  energy  x-ray  pulses.  This  is  for  the  well-  40 
known  reason  that  even  when  an  absolutely 
constant  voltage  is  applied  to  the  anode  of  an  x- 
ray  tube  some  of  the  output  x-ray  photons  will 
have  peak  energy  while  others  will  have  lower 
energy.  In  other  words,  there  is  a  spectral  dis-  45 
tribution  of  energies  within  particular  low  and 
high  energy  limits. 

Generally,  an  x-ray  image  intensifier  is  used  to 
convert  the  different  energy  x-ray  images  to 
optical  images  which  are  viewed  by  a  television  so 
camera.  The  analog  video  signal  frames  are  con- 
verted  to  digital  picture  elements  (pixels)  for 
further  processing  in  accordance  with  the  require- 
ments  of  digital  subtraction  fluorography.  One 
use  of  DSF  is,  of  course,  to  provide  the  physician  55 
with  an  image  of  the  interior  of  blood  vessels  in  a 
region  of  interest  within  the  patient's  body. 
Visualization  is  enhanced  by  making  some 
exposures  subsequent  to  the  time  an  x-ray  con- 
trast  medium,  such  as  an  iodinated  compound  .  so 
that  has  been  injected  into  the  circulatory  system, 
arrives  at  and  flows  through  the  vessels  that  are 
the  subject  of  the  arteriographic  examination. 
Post-contrast  arrival  images  are  then  subtracted 
from  pre-contrast  images  to  produce  a  sequence  65 
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pulses,  allowing  reduced  mAto  maintain  approxi- 
mately  constant  wattage  from  pulse  to  pulse  at 
each  energy.  There  are  several  known  x-ray  tube 
grid  bias  control  systems.  They  usually  employ  a 
transformer  that  is  in  an  oil-filled  tank  for  produc-  5 
ing  an  alternating  voltage  that  is  rectified  and 
switched  from  pulse  to  pulse  to  obtain  zero  bias 
voltage  for  the  low  energy  exposures  and,  by  way 
of  example  and  not  limitation,  -3000  volts  dc  for 
the  low  current,  high  kilovoltage  or  high  energy  to 
exposures.  The  size  of  the  bias  equipment  and  the 
insulating  requirements  for  isolating  the  bias 
circuits  from  high  kilovoltage  circuits  up  to  about 
150  kilovolts  for  the  x-ray  tube  anode  results  in 
equipment  that  is  costly,  voluminous  and  subject  15 
to  failure,  especially  in  the  switching  circuit. 

The  prior  art  circuits  do  not  allow  for  selectabil- 
ity  of  fine  tuning  of  the  different  bias  voltages. 
They  do  not  permit  free  choice  of  x-ray  tube 
current  and  tube  kilovoltage  combinations.  For  20 
instance,  there  are  occasions  where  the  body  part 
being  fluorographed  requires  different  low  and 
high  energy  x-ray  tube  currents  and  voltages  than 
other  parts  of  the  body  in  order  to  get  the  best 
images  for  subtraction.  25 

Summary  of  the  invention 
The  new  x-ray  tube  grid  bias  control  described 

herein  is  distinguished  by  its  ability  to  permit 
selection  of  a  wide  range  of  x-ray  tube  currents  30 
and  voltages  for  the  low  and  high  energy  x-ray 
exposures.  It  is  further  distinguished  by  size 
reduction  of  the  equipment  as  compared  with  the 
prior  art  and,  importantly,  by  reduction  of  manu- 
facturing  cost  as  well.  35 

An  important  advantage  of  the  new  bias  volt- 
age  supply  is  that  it  permits  elimination  of  sensi- 
tive  electronic  components  from  the  high  voltage 
x-ray  tube  and  power  supply  environment. 

In  accordance  with  the  invention,  bias  voltage  is  40 
obtained  with  a  circuit  whose  first  stage  is  a  dc-to- 
ac  inverter.  The  inverter  output  is  applied  to  the 
primary  of  a  step-up  transformer.  The  secondary 
of  this  transformer  is  connected  to  a  full-wave 
rectifier.  The  transformer  secondary  leakage  45 
inductance  and  the  secondary  winding  and  other 
parasitic  capacitance  are  utilized  in  a  manner 
comparable  to  an  LC  tank  circuit  to  obtain  reso- 
nance  at  a  particular  inverter  frequency.  No  com- 
ponents  need  be  added  to  do  this.  A  full-wave  so 
rectifier  in  the  output  of  the  transformer 
secondary  winding  has  its  dc  terminals  connected 
between  the  cathode  and  grid  of  the  x-ray  tube. 
Use  of  a  high  frequency,  say  100  kHz  or  more, 
allows  the  capacitance  of  the  cable  that  is  used  to  ss 
make  the  connection  to  the  cathode  and  grid  of 
the  x-ray  tube  to  be  used  for  filtering  out  any 
ripple  in  the  bias  voltage.  Thus,  filtering  is 
obtained  without  the  need  to  add  any  component 
for  that  specific  purpose.  This  also  assures  mini-  go 
mum  capacitance  for  permitting  fast  response 
and  minimum  power  dissipation  in  connection 
with  bias  voltage  production  and  switching. 

A  feedback  or  servo  circuit  is  used  for  control- 
ling  the  inverter  to  operate  at  a  particular  selected  65 

voltage  and  frequency  level.  For  the  feedback 
circuit,  another  transformer  is  used.  It  is  identical 
to  the  transformer  that  is  driven  by  the  inverter. 
This  has  the  advantage  of  minimizing  loading 
effects  on  the  transformer  since  the  circuit 
operates  the  same  with  and  without  the  feedback 
transformer  both  in  voltage  and  frequency  out- 
put. 

How  the  foregoing  and  other  features  of  the 
invention  are  achieved  will  become  evident  in  the 
more  detailed  description  of  a  preferred  embodi- 
ment  of  the  invention  which  will  now  be  set  forth 
in  reference  to  the  drawings. 

Description  of  the  drawings 
Figure  1  is  a  block  diagram  of  an  x-ray  power 

supply  circuit  in  conjunction  with  an  x-ray 
exposure  system  and  the  new  x-ray  tube  bias 
control  system;  and 

Figure  2  shows  some  timing  diagrams  that  are 
useful  for  explaining  the  bias  control  function. 

Description  of  a  preferred  embodiment 
In  the  upper  right  region  of  Figure  1  a  simplified 

system,  suitable  for  performing  digital  subtrac- 
tion  fluorography,  is  shown.  The  patient  to  be 
subjected  to  an  arterographic  study  is  symbolized 
by  the  ellipse  marked  10.  A  blood  vessel  of 
interest  and  containing  x-ray  contrast  medium  is 
indicated  by  the  numeral  11.  The  x-ray  tube  is 
marked  12.  It  comprises  the  usual  high  vacuum 
envelope  containing  an  anode  target  13  and  a 
cathodic  filament  14.  A  control  electrode,  hereaf- 
ter  called  a  grid  15  is  symbolized  by  a  dashed  line 
and  is  interposed  between  the  filament  and  anode 
of  the  tube.  The  x-ray  tube  current  is  highest  and 
the  kilovoltage  drop  across  the  anode-to-cathode 
circuit  of  the  x-ray  tube  is  lowest  when  the  grid 
has  a  zero  or  slightly  negative  bias  voltage 
applied  between  it  relative  to  the  cathode.  The 
tube  current  is  lower  and  the  kilovoltage  drop 
between  the  anode  and  cathode  is  higher  when 
the  grid-to-cathode  voltage  is  highly  negative.  By 
way  of  example  and  not  limitation,  typically  the 
highest  negative  bias  voltage  would  be  on  the 
order  or  -3000  volts  dc.  During  any  high  and  low 
energy  x-ray  exposure  sequence,  the  magnitude 
of  the  current  flowing  through  cathode  filament 
14  is  maintained  constant.  This  means  that  fila- 
ment  temperature  and  its  electron  emissivity  will 
be  constant  and  emission  limited  during  the  low 
kilovoltage-high  current  exposures.  Thus,  the  x- 
ray  tube  electron  beam  current  will  always  have  a 
set  maximum  value  during  the  low  energy 
exposure  cycles  and  will  be  subject  to  suppres- 
sion  when  the  bias  voltage  is  applied  to  the  grid 
as  it  is  during  the  high  kilovoltage,  high  energy 
exposure  cycles.  The  filament  current  control  that 
allows  for  setting  the  filament  temperature  and, 
hence,  maximum  emissivity  is  symbolized  by  the 
block  marked  16  and  can  be  easily  devised  by 
anyone  skilled  in  the  x-ray  tube  power  supply 
design  field. 

In  Figure  1,  the  x-ray  images  resulting  from  the 
low  and  high  x-ray  energy  exposures  are  received 
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using  silicon  controlled  rectifiers  (SCRs),  not 
shown,  as  switching  devices  for  anyone  reason- 
ably  skilled  in  the  x-ray  power  supply  art.  In  any 
event,  the  switches  control  power  on  a  three- 

5  phase  bus  40  to  which  the  three-phase  primary 
windings  41,  42  and  43  of  an  iron  core  trans- 
former  are  connected.  A  block  marked  44  and 
labelled  exposure  control  logic  is  operative  to 
provide  the  gating  signals  by  way  of  a  control  line 

jo  45  for  turning  on  and  off  the  SCR  devices  in  three- 
phase  switching  circuit  39.  A  hand-operated 
switch  46  is  closed  to  initiate  an  exposure 
sequence.  When  switch  46  is  closed,  the  exposure 
control  logic  is  operative  to  cause  the  SCR 

15  switches  in  block  39  to  conduct  and  thereby 
connect  the  primary  windings  41  —  43  of  the  iron 
core  transformer  to  the  output  of  the  autotrans- 
former  34  by  way  of  bus  40.  Thus,  a  particular 
voltage  having  a  value  depending  on  the  adjust- 

20  ment  of  autotransformer  30  is  applied  to  the 
three-phase  transformer  primary  windings  when 
three-phase  switch  39  is  closed  or  conducting. 
The  exposure  control  logic  also  provides  switch- 
ing  or  gating  signals  through  a  line  47  to  another 

25  three-phase  switching  circuit  represented  by  the 
block  marked  48  and  labelled  three-phase  SCR 
switch  which  simply  connects  the  ends  of  the 
primary  windings  41  —  43  together  so  the  primary 
becomes  star  or  Y-connected  and  conductive. 

30  The  other  autotransformer  arrangement  31  is 
also  supplied  from  the  three-phase  input  when 
line  contactor  solenoid  49  is  energized  to  close  its 
three  contacts  50.  The  output  lines  51,  52  and  53 
from  the  three-phase  autotransformer  31  are 

35  inputted  to  a  three-phase  SCR  switching  circuit  54 
which  has  the  properties  of  switching  circuit  39  as 
previously  described.  Autotransformer  31  pro- 
vides  on  its  output  lines  51  —  53  three-phase  volt- 
age  that  is  lower  than  provided  by  the  other 

40  autotransformer  30  on  its  output  lines  35  —  37.  In 
any  event,  switching  circuit  54  connects  the  prim- 
ary  windings  41  —  43  of  the  high  voltage  iron  core 
transformer  to  the  autotransformer  31.  Exposure 
control  logic  44  provides  gating  signals  by  way  of 

45  a  line  55  for  the  three-phase  SCR  switching  circuit 
54.  In  this  particular  design,  when  an  alternating 
low  and  high  energy  exposure  sequence  is  initi- 
ated,  the  exposure  control  logic  44  renders  the 
three-phase  switches  in  switching  circuit  54  con- 

50  ductive  and  applies  the  lower  of  the  two  auto- 
transformer  output  voltages  to  the  primary  wind- 
ings  41  —  43  of  the  iron  core  transformer.  Next  the 
exposure  control  logic  renders  the  SCR  circuits  in 
three-phase  switching  circuit  39  conductive  so  as 

55  to  energize  the  primary  windings  41  —  43  from 
autotransformer  30  so  the  higher  of  the  two 
voltages  is  applied  to  the  primary  of  the  three- 
phase  transformer.  The  exposure  control  logic 
continues  switching  back  and  forth  to  cause 

60  power  to  be  sourced  from  alternate  autotransfor- 
mers  during  the  entire  exposure  sequence  at  a 
rate  on  the  order  of  the  television  frame  rate  if 
desired. 

There  are  two  high  kilovoltage  secondary  wind- 
65  ings  on  the  same  three-phase  transformer  core  as 

by  an  image  intensifier  that  is  generally  desig- 
nated  by  the  reference  numeral  17.  This  conven- 
tional  intensifier  converts  the  x-ray  images  to 
minified  and  very  bright  optical  images  which 
appear  on  an  output  phosphor  that  is  represented 
by  the  dashed  line  18.  The  visible  image  on 
phosphor  18  is  converted  on  the  target,  not 
visible,  of  a  video  or  TV  camera  19  to  a  charge 
pattern  image.  For  the  purposes  of  the  invention, 
the  TV  camera  target  is  scanned  or  read  out  in  the 
progressive  scanning  mode  after  each  low  and 
high  energy  exposure.  The  analog  video  signals 
that  are  outputted  from  the  TV  camera  19  for 
every  image  frame  are  converted  to  digital  picture 
element  (pixel)  signals  in  an  analog-to-digital 
converter  (ADC)  20.  The  digital  pixel  signals  are 
converted  to  equivalent  logarithmic  values  in  a 
logarithm  look-up  table  (labelled  log)  21  for 
reasons  which  are  well  known  to  those  skilled  in 
the  x-ray  art.  The  functions  of  subtracting  images 
and  forming  difference  images  and  the  video  disk 
recording  discussed  earlier  are  lumped  together 
and  assumed  to  be  carried  out  in  a  single  block 
which  is  labelled  as  a  processor  and  marked  22. 
Temporal  and  energy  subtracted  images  are  con- 
verted  back  to  analog  video  signals  with  a  digital- 
to-analog  converter  (DAC)  23  whereupon  they  are 
used  to  drive  a  TV  monitor  24  for  displaying  the 
image  or  images. 

Besides  the  known  x-ray  exposure  and  signal 
processing  system  just  described,  the  system  in 
Figure  1  comprises  two  other  major  parts, 
namely,  a  high  voltage  three-phase  power  supply 
and  the  new  x-ray  tube  bias  control  circuitry. 

The  high  voltage  three-phase  power  supply  will 
be  considered  first.  The  power  supply  comprises 
two  three-phase  autotransformers  30  and  31. 
Autotransformers  identified  by  the  General  Elec- 
tric  Company  trademark  "Voltpac"  are  suitable. 
The  three-phase  lines  constituting  the  power 
supply  input  from  the  60  Hz  power  lines  are 
labelled  three-phase  input  and  are  marked  29. 
Typically,  the  input  voltage  is  480  volts  ac.  Auto- 
transformer  30  is  active  when  high  energy  or  high 
kilovoltage  is  to  be  applied  to  the  x-ray  tube 
anode-cathode  circuit.  Autotransformer  31  is 
active  and  transformer  30  is  inactive  during  low 
energy  exposures  as  when  low  kilovoltage  is  to 
be  applied  to  the  x-ray  tube.  The  power  lines 
connected  to  the  input  of  the  Y-connected  auto- 
transformer  windings  have  three  safety  contacts 
32  in  them  which  are  controlled  by  a  solenoid  33 
that  is  energized  to  close  the  contacts  when  an  x- 
ray  exposure  sequence  is  contemplated.  The 
three  autotransformer  windings  are  designated 
generally  by  the  reference  numeral  34.  The  three- 
phase  output  lines  from  autotransformer  30  are 
marked  35,  36  and  37.  A  typical  tap  switch  for 
selecting  the  desired  output  voltage  from  the 
autotransformer  secondary  winding  is  marked  38. 
The  three  tap  switches  are  ganged  so  the  voltages 
between  phases  remain  in  balance.  The  output 
lines  35  —  37  are  inputted  to  a  three-phase  switch- 
ing  circuit  that  is  symbolized  by  the  block  marked 
39.  This  switching  circuit  can  be  implemented 
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the  low  voltage  primary  windings  41  —  43.  One  of 
the  three-phase  secondary  winding  sets  is 
marked  60  and  its  three  coils  are  connected  in  the 
Y-configuration  as  shown.  The  other  secondary 
winding  61  is  delta-connected.  The  delta  con-  5 
nected  secondary  output  kilovoltages  on  lines  62, 
63  and  64  are  30°  out  of  phase  with  the  output 
lines  65,  66  and  67  of  the  Y-connected  secondary 
windings  60.  The  three-phase  output  lines  62  —  64 
of  delta  connected  secondary  61  are  input  to  a  10 
three-phase  rectifier  circuit  symbolized  by  the 
block  marked  68.  The  three-phase  output  lines 
65  —  67  from  the  Y-connected  secondary  windings 
are  input  to  another  three-phase  rectifier  circuit 
symbolized  by  the  block  marked  69.  The  two  is 
rectifier  circuits  68  and  69  are  in  series  circuit  with 
the  x-ray  tube  12.  The  positive  terminal  of  the 
rectifier  circuit  connects  to  the  anode  13  of  the  x- 
ray  tube  byway  of  a  line  70.  The'  negative  terminal 
of  the  rectifier  circuit  connects  to  the  cathode  or  20 
filament  14  of  the  x-ray  tube  by  way  of  a  line  71. 
The  mid-point  of  the  rectifier  circuit  is  grounded 
as  at  72.  mA  metering  and  overload  sensing  is 
done  in  a  conventional  manner  at  ground  poten- 
tial  level  in  a  block  that  is  so  labelled  and  given  25 
the  reference  numeral  73.  A  line  74  delivers  a 
signal  to  an  overload  relay,  not  shown,  which 
opens  the  three-phase  input  lines  29  if  overload 
current  through  it  is  sensed.  Both  three-phase 
transformer  secondary  windings  60  and  61  are  30 
energized  at  any  time  that  the  primary  windings 
41  —  43  are  energized  with  either  the  lower  or  the 
higher  of  the  two  primary  voltages  available  from 
the  respective  autotransformers  30  and  31.  The 
fact  that  the  Y-connected  and  delta  connected  35 
three-phase  secondary  windings  60  and  61  are  30° 
out  of  phase  with  each  other  results  in  twelve  60 
Hz  ripples  being  present  on  the  top  of  each  x-ray 
current  pulse  which  allows  the  x-ray  tube  voltage 
and  current  pulses  to  approximate  square  waves.  40 

By  way  of  example,  in  the  Figure  2  diagram  any 
low  kilovoitage  pulse  80  will  have  a  12-cycle 
ripple  81  superimposed  on  it  and  the  same  is  true 
of  the  high  voltage  pulses  82  which  will  have  12- 
cycle  ripple  83.  If,  for  example,  both  transformer  45 
secondary  windings  were  connected  in  the  same 
fashion,  that  is,  either  in  Y  or  delta  there  would  be 
a  three-cycle  ripple  on  the  kilovoitage  pulses  and 
a  smoothing  or  filtering  circuit  might  be  called  for. 
The  x-ray  tube  high  current  pulses  84  and  the  low  50 
current  pulses  85  also,  of  course,  manifest  low 
ripple.  As  shown  in  Figure  2,  the  low  x-ray  tube 
kilovoitage  pulses  80  are  accompanied  by  high  x- 
ray  tube  current  pulses  84  and  the  high  x-ray  tube 
kilovoitage  pulses  82  are  accompanied  by  low  x-  55 
ray  tube  current  pulses  85.  How  this  is  achieved 
and  how  x-ray  tube  current  is  controlled  indepen- 
dently  with  the  new  resonant  transformer  bias 
circuit  will  be  discussed  in  greater  detail  shortly 
hereinafter.  eo 

The  new  resonant  circuit  x-ray  tube  bias  control 
will  now  be  described  in  reference  to  Figure  1.  As 
has  already  been  explained,  the  high  or  most 
negative  bias  voltage  is  applied  to  control  grid  15 
of  the  x-ray  tube  during  the  pulses  at  which  the  x-  65 

ray  tube  current  is  relatively  low  and  the  voltage 
drop  across  the  anode-cathode  of  the  tube  is 
relatively  high.  A  lower  bias  voltage,  that  is,  a  less 
negative  bias  voltage  or  zero  bias  voltage  is 
applied  to  the  control  grid  during  pulse  intervals 
when  x-ray  tube  current  is  to  be  maximum  and  a 
lower  voltage  drop  is  to  be  produced  across  the  x- 
ray  tube.  The  high  voltage  cable,  specifically,  the 
conductors  90  and  91  provide  a  small  amount  of 
capacitance  which,  as  previously  explained,  is 
utilized  for  filtering  the  bias  voltage.  This  capaci- 
tance  is  represented  by  a  symbolic  capacitor  93 
that  is  depicted  in  dashed  lines. 

The  bias  control  circuit  comprises  a  dc-to-ac 
inverter  contained  within  the  dashed  line 
rectangle  94.  The  dc  input  lines  to  the  inverter  are 
marked  95  and  96.  The  dc  voltage  is  supplied  from 
a  full-wave  rectifier  represented  by  the  block 
marked  97.  An  inductor  98  and  a  capacitor  99 
smooth  the  ripple  in  the  rectified  dc.  The  inverter 
includes  two  power  type  metal  oxide  silicon  field- 
effect  transistors  100  and  101  for  switching  the  dc 
current  through  alternate  paths.  One  dc  input  line 
96  is  connected  to  a  point  between  the  transistors. 
The  other  dc  input  line  95  is  connected  to  the 
center  tap  in  the  primary  winding  102  of  a  trans- 
former  T1  whose  secondary  winding  is  marked 
103.  The  ac  output  lines  from  the  inverter  are 
marked  104  and  105  and  connect  to  opposite  ends 
of  the  primary  winding  1  02  of  transformer  T1  .  The 
inverter  outputs  a  square  wave  alternating  volt- 
age  which  is  applied  to  the  primary  winding  of 
transformer  T1. 

The  gate  signal  terminals  of  field  effect  tran- 
sistors  100  and  101  are  connected  by  way  of  lines 
129  and  130  to  an  integrated  circuit  IC1  which  will 
be  discussed  more  fully  later.  For  the  present  it  is 
sufficient  to  recognize  that  IC1  contains  an 
oscillator  and  switches  lines  129  and  130  back  and 
forth  alternately  from  a  low  signal  level  state  to  a 
high  state  at  the  desired  inversion  frequency.  The 
gate  signals  cause  the  transistors  100  and  101  to 
conduct  alternately.  As  is  well  known,  when 
transistor  100  conducts  current  flows  in  one 
directions  from  the  center  tap  of  primary  winding 
101  through  one-half  of  the  winding  and  when 
transistor  102  conducts  current  flows  oppositely 
through  the  other  half  of  the  primary  winding, 
thereby  inducing  the  alternating  current  in  the 
secondary  winding  103  of  transformer  T1. 

Inverters  of  a  type  different  from  inverter  94 
could  be  used,  of  course.  Any  inverter  that  per- 
mits  varying  its  ac  output  frequency  in  corre- 
spondence  with  variable  frequency  switching  or 
gating  signals  may  be  used.  In  an  actual  embodi- 
ment,  the  inverter  system  is  capable  of  producing 
alternating  current  in  the  80  kHz  to  230  kHz  range. 

As  has  been  stated  and  is  known,  transformer 
T1,  like  other  transformers  has  leakage  induc- 
tance  and  winding  capacitance.  In  accordance 
with  the  invention,  the  inverter  94  can  be  adjusted 
to  provide  a  frequency  at  which  all  of  the  induc- 
tance  and  capacitance  will  produce  reasonance  at 
which  time  peak  voltage  will  occur  across  the 
secondary  output  lines  106  and  107  of  trans- 
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control  grid  15  and  cathode  14  of  the  x-ray  tube.  A 
capacitor  120  is  used  to  filter  ripple  from  the  dc 
voltage.  A  voltage  divider  121  is  connected  across 
the  dc  lines.  A  point  on  the  divider  is  connected  to 
the  inverting  input  of  a  summing  amplifier  122.  A 
control  voltage  is  supplied  by  way  of  line  123  to 
the  non-inverting  input  of  amplifier  122.  As  will  be 
described,  the  negative  bias  voltage  applied  to 
the  control  grid  15  of  the  x-ray  tube  is  pro- 
portional  to  the  control  voltage  supplied  by  way 
of  line  123  to  amplifier  122.  The  control  voltage  is 
selectable  so  that  at  least  two  different  x-ray  tube 
bias  voltage  levels  can  be  provided  for  any  given 
exposure  sequence.  One  bias  voltage  can  be 
applied  to  the  x-ray  tube  grid  15  synchronously 
with  the  high  voltage  being  applied  to  the  anode 
of  the  x-ray  tube  which  at  that  time  would  provide 
the  high  energy  x-ray  pulse.  Another  bias  voltage 
level  can  be  supplied  to  the  grid  when  the  low 
kilovoltage  is  being  applied  to  the  x-ray  tube 
anode  for  developing  the  low  energy  x-ray  pulses. 
How  the  bias  voltage  and  kiiovoltages  applied 
respectively  to  the  grid  and  anode  of  the  x-ray 
tube  are  synchronized  will  be  explained  later. 

The  output  of  the  summing  amplifier  122  is,  in 
effect,  an  error  signal  which  corresponds  to  any 
error  between  the  control  voltage  and  the  voltage 
derived  from  the  feedback  loop  by  way  of  divider 
121.  This  error  signal  is  inputted  by  way  of  a  line 
124  to  the  gate  of  a  field-effect  transistor  125.  The 
voltage  drop  across  a  resistor  126  is  the  biasing 
voltage  for  the  transistor.  This  transistor  functions 
as  a  variable  resistance  device.  It  has  a  current 
limiting  resistor  127  connected  to  one  of  its 
electrodes.  The  current  flowing  through  resistor 
127  is  inputted  to  an  integrated  circuit,  IC1.  In  an 
actual  embodiment  this  integrated  circuit  is  a  type 
TL  494  CN  available  from  Motorola  Semiconduc- 
tor  Products  or  Texas  Instruments,  Inc.,  by  way  of 
example.  It  contains  an  oscillator  that  can  be 
controlled  to  oscillate  at  a  frequency  corre- 
sponding  to  the  frequency  at  which  it  is  desired  to 
drive  inverter  94.  Resistor  127  together  with  field- 
effect  transistor  125  and  a  capacitor  128  constitute 
an  RC  time  constant  circuit  and  the  values  of 
these  components  govern  the  output  frequency 
of  IC1.  Basically,  it  is  the  controlled  current 
through  resistor  127  that  provides  the  time  con- 
stant  and  governs  the  output  frequency  of  IC1. 
The  output  frequency  signal  from  IC1  is  an  input 
by  way  of  lines  129  and  130  to  inverter  94.  The 
signal  on  these  lines  gates  the  switching  field- 
effect  transistors  100  and  101  in  the  inverter 
alternately  into  conductive  and  nonconductive 
states  as  explained  earlier  so  that  the  corre- 
sponding  frequency  is  provided  to  primary  wind- 
ing  95  of  transformer  T1.  Basically,  summing 
amplifier  122,  transistor  125  and  IC1  form  a 
voltage-to-frequency  converter. 

The  output  frequency  of  inverter  94  has  to  be  at 
one  value  for  the  low  energy  x-ray  pulses  and 
another  value  for  the  high  energy  x-ray  pulses. 
Thus,  it  must  be  switched  in  synchronism  with 
application  of  the  high  and  low  kiiovoltages  to  the 
x-ray  tube  anode.  And,  as  stated  earlier,  two 

former  T1.  As  inverter  frequency  is  increased,  or 
departs  increasingly  from  resonant  frequency,  the 
ac  output  voltage  from  transformer  T1  declines.  It 
is  usually  desirable  to  operate  at  or  above 
resonant  frequency  so  that  the  resonant  circuit  5 
appears  as  a  lagging  load  to  the  inverter. 
Although  square  wave  input  pulses  are  supplied 
from  the  inverter  94  to  the  primary  of  transformer 
T1  either  at  or  near  the  resonant  frequency,  the 
waveform  on  ac  output  lines  106  and  107  is  10 
substantially  sinusoidal.  A  full-wave  rectifier 
bridge  112  rectifies  the  sinusoidal  output  voltage. 
The  negative  side  of  rectifier  112  is  connected  to 
the  x-ray  tube  control  grid  15  by  way  of  cable 
conductor  90  to  provide  the  appropriate  negative  15 
bias  voltage  for  low  and  high  energy  pulses  to 
control  grid  15.  The  positive  side  of  rectifier  1  12  is 
connected  to  the  filament  of  the  x-ray  tube  by  way 
of  cable  conductor  91.  In  a  practical  embodiment, 
the  inverter  frequency  is  adjustable  over  a  range  20 
that  allows  a  negative  bias  voltage  maximum  of 
about  -3000  volts  dc  on  the  control  grid  15 
relative  to  the  filament  14  of  the  x-ray  tube. 

A  high  value  resistor  113  is  connected  across 
the  high  voltage  supply  conductors  90  and  91.  25 
The  stray  cable  capacitance  represented  by 
capacitor  93  charges  up  to  a  voltage  that  is  limited 
by  the  impedance  of  the  transformer  T1  and 
discharges  through  resistor  113  when  bias  volt- 
age  turns  off  by  means  which  will  be  described.  30 
Because  cable  capacitance  is  small  and  frequency 
is  high,  a  high  value  resistor  113  can  be  used  so 
the  time  constant  is  still  very  short  and  the  bias 
voltage  is  dissipated  rapidly.  Thus,  switching 
between  low  and  high  bias  voltages  can  be  35 
carried  out  at  a  high  rate.  Minimum  power  is 
consumed  by  virtue  of  being  able  to  use  a  high 
value  resistor  113.  In  a  practical  embodiment,  a 
300  kilohm  resistor  is  used  and,  by  way  of 
example,  power  dissipation  is  only  30  watts.  If  it  40 
were  notforthe  high  resonant  frequency,  it  would 
be  necessary  to  use  a  large  capacitor  instead  of 
simply  using  cable  capacitance  93  and  to  use  a 
low  value  resistor  113  to  get  a  quick  discharge  in 
those  cases  where  the  high  and  low  energy  45 
pulses  must  be  very  close  to  each  other  and  thus 
require  a  fast  bias  voltage  switching  rate. 

The  output  frequency  of  inverter  94  and  hence, 
the  sinusoidal  voltage  level  between  the  output 
lines  106  and  107  of  the  secondary  winding  of  T1  so 
at  or  near  resonance  is  regulated  or  stabilized 
with  a  servo  loop  that  will  now  be  described.  The 
input  of  the  servo  loop  is  the  primary  winding  115 
of  a  transformer  T2.  Its  secondary  winding  is 
marked  116.  Primary  winding  115  is  connected  55 
across  the  ac  input  terminals  to  rectifier  bridge 
112.  Thus,  an  ac  voltage  corresponding  to  the  dc 
voltage  applied  between  the  grid  15  and  cathode 
14  of  the  x-ray  tube  is  fed  to  the  primary  winding 
115.  The  secondary  winding  116  of  transformer  60 
T2  is  connected  to  the  ac  input  terminals  of 
another  full-wave  rectifier  bridge  1.17.  Thus,  dc 
voltage  appears  across  output  lines  118  and  119 
of  the  rectifier  bridge.  This  dc  voltage  is  pro- 
portional  to  the  bias  voltage  applied  between  65 
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different  control  voltages  must  be  supplied  to  the 
noninverting  input  of  summing  amplifier  122  for 
two  different  bias  voltages.  In  the  illustrative 
circuit,  a  higher  dc  control  voltage  will  cause 
lower  frequency  input  to  transformer  T1  from  5 
inverter  94  and,  hence,  a  higher  negative  bias 
voltage  on  the  x-ray  tube  control  grid  15. 
Similarly,  a  lower  control  voltage  will  cause  a 
lower  bias  voltage  on  control  grid  15.  The  higher 
control  voltage  is  provided  from  a  potentiometer  to 
131  whose  wiper  connects  to  the  emitter  of  a 
transistor  132.  The  collector  of  this  transistor 
feeds  a  common  line  123  that  connects  to  the 
noninverting  input  of  amplifier  122.  The  base  or 
control  electrode  133  of  transistor  132  is  provided  m 
with  a  driving  signal  in  synchronism  with  the  high 
kilovoltage  being  applied  to  the  x-ray  tube  anode 
13.  Means  for  providing  this  signal  are  not  shown 
but  could  be  a  signal  corresponding  with  the 
signal  that  is  provided  by  the  exposure  control  20 
logic  44  for  controlling  the  three-phase  trans- 
former  primary  switch  39. 

The  other  available  bias  level  control  voltage  is 
provided  by  a  potentiometer  134.  Its  wiper  con- 
nects  to  the  emitter  of  a  transistor  switch  135  25 
whose  collector  is  also  connected  to  common  line 
123  leading  to  the  noninverting  input  of  amplifier 
122.  The  control  electrode  136  of  this  transistor 
switch  is  supplied  with  synchronizing  signals 
corresponding  to  those  which  turn  on  the  three-  30 
phase  switch  54  to  cause  the  lower  of  the  two 
kilovoltages  to  be  applied  to  the  anode  of  the  x- 
ray  tube.  The  control  signals  derived  from 
potentiometers  131  and  134  are  selectable  which 
means  that  the  negative  bias  voltages  and,  hence,  35 
the  x-ray  tube  voltages  and  corresponding  cur- 
rents  are  controllable  for  the  high  and  low  energy 
x-ray  pulses. 

As  explained  earlier,  the  bias  voltage  on  control 
grid  15  is  at  or  near  zero  during  application  of  the  40 
lower  of  the  anode  kilovoltages  in  which  case 
maximum  current  flows  through  the  x-ray  tube 
and  it  produces  maximum  photon  intensities  but 
at  low  average  energy.  At  this  time  current 
through  the  x-ray  tube  can  be  limited  by  setting  45 
the  current  level  through  the  x-ray  tube  filament 
and,  hence,  its  temperature  at  a  value  that  pro- 
duces  the  desired,  usually  highest,  emission  cur- 
rent  for  the  low  energy  pulses.  In  other  words, 
control  grid  15  of  the  x-ray  tube  could  simply  be  so 
provided  with  zero  bias  voltage  during  low 
energy  pulses. 

IC1  is  provided  with  a  pin  137  for  input  of  an 
optionally  used  signal  that  will  result  in  blocking 
the  output  of  IC1  during  the  low  energy  x-ray  55 
pulses.  The  blocking  signal  results  in  removing 
the  high  energy  gating  signals  from  lines  129  and 
130  which  means  that  the  inverter  will  turn  off 
during  this  time  so  no  bias  voltage  is  applied  to 
control  grid  15.  A  logic  level  signal  138  is  used  for  eo 
this  purpose.  At  zero  volts  IC1  is  turned  on  and  at 
a  logic  voltage  level  of  5  volts,  for  example,  IC1  is 
turned  off.  The  circuit  for  delivering  the  pulses 
138  cyclically  to  input  pin  137  of  IC1  is  not  shown. 
It  is  sufficient  to  say  that  the  on  and  off  states  of  65 

IC1  must  be  synchronized  with  application  of  the 
low  and  high  kilovoltages,  respectively,  to  the  x- 
ray  tube  anode. 

It  is  important  to  note  that  transformers  T1  and 
T2  are  identical.  Their  secondaries  are  connected 
in  parallel.  Thus,  the  resonant  frequency  resulting 
from  the  parasitic  inductance  and  capacitance  of 
one  transformer  will  be  the  same  as  the  resonant 
frequency  that  reeults  from  both  transformers.  If 
step-down  transformer  T2  had  different  parasitic 
inductance  and  capacitance  than  transformer  T1 
that  resulted  in  a  different  resonant  frequency,  the 
combination  would  tend  to  be  resonant  at  a 
different  frequency.  In  accordance  with  the  inven- 
tion,  calling  the  resonant  frequency  f0  the  follow- 
ing  expression  can  be  written: 

1 
fo=- 

2 m / n r  

As  one  may  see,  in  the  second  equation,  the  2's 
within  the  radical  cancel  in  the  parallel  arrange- 
ment  so  the  resonant  frequency  remains  the 
same  as  long  as  the  inductance  L  and  the  capaci- 
tance  C  factors  in  the  parasitics  are  identical. 

In  the  actual  construction  transformers  T1  and 
T2  are  air-core  transformers.  The  windings  are  on 
an  insulating  plastic  spool,  not  shown.  Thus,  the 
transformers  are  small  and  have  low  weight 
compared  to  transformers  that  use  ferrite  or  other 
magnetic  material  for  a  core.  Transformers 
having  magnetic  material  cores  could  be  used  but 
this  would  result  in  core  losses  that  increase  with 
frequency,  a  problem  that  is  avoided  with  air-core 
transformers.  In  any  case,  in  accordance  with  the 
invention,  the  two  transformers  should  be  identi- 
cal  for  reasons  given  heretofore. 

Although  a  preferred  embodiment  of  the  inven- 
tion  has  been  described  in  detail,  such  description 
is  intended  to  be  illustrative  rather  than  limiting, 
for  the  high  voltage  power  supply  and  the 
resonant  x-ray  tube  bias  voltage  supply  can  be 
variously  embodied  so  the  scope  of  the  invention 
is  to  be  limited  only  by  the  claims  which  follow. 

Claims 

1.  Apparatus  for  controlling  the  bias  voltage  on 
the  control  grid  of  an  x-ray  tube  in  connection 
with  the  operation  of  producing  alternating  x-ray 
beams  having  nominally  low  and  high  energies 
where  higher  x-ray  tube  current  flows  during  the 
low  energy  beams  than  during  the  high  energy 
beams,  comprising: 

an  x-ray  tube  (12)  including  an  anode  (13),  a 
control  grid  (15)  and  an  electron  emissive  fila- 
ment  (14)  comprising  a  cathode, 

means  (16)  for  causing  a  predetermined  current 
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flow  through  the  filament  to  thereby  set  the 
temperature  and  emissivity  of  the  filament, 

power  supply  means  for  applying  alternat- 
ingly  to  said  anode  a  lower  selected  dc 
kilovoltage  and  a  higher  selected  dc  kilovol- 
tage  to  produce  the  nominally  low  and  high 
energy  beams,  respectively, 

inverter  means  (94)  operative  to  output  alter- 
nating  current  (ac)  signals  having  a  frequency 
depending  on  the  frequency  of  switching 
signals  that  are  input  to  said  inverter  means, 

voltage-to-frequency  converter  means  (IC1) 
responsive  to  input  of  a  variable  control  volt- 
age  signal  that  is  proportional  to  the  desired 
bias  voltage  on  the  control  grid  and  supplying 
said  switching  signals  to  said  inverter  means 
at  a  frequency  corresponding  to  the  value  of 
said  control  voltage  signal, 

one  transformer  (T1)  having  a  primary  wind- 
ing  (102)  for  being  energized  with  said  ac 
signals  and  having  a  secondary  winding  (103), 
said  transformer  having  parasitic  capacitance 
and  inductance  that  results  in  resonance  and 
maximum  voltage  output  from  said  secondary 
winding  at  one  ac  signal  frequency  and  results 
in  lower  voltage  output  at  frequencies  above 
or  below  resonant  frequency, 

rectifier  means  (112)  having  input  terminals 
for  the  ac  output  of  said  secondary  winding 
and  having  negative  and  positive  bias  voltage 
output  terminals  (90,  91)  connected  respec- 
tively  to  said  control  grid  and  filament,  and 

means  for  controlling  said  power  supply 
means  to  apply  said  lower  kilovoltage  to  said 
x-ray  tube  anode  while  said  ac  frequency  is 
zero  or  away  from  the  resonant  frequency  so 
said  bias  voltage  is  less  negative  and  tube  cur- 
rent  is  high  and  to  apply  said  higher  voltage 
to  said  anode  while  said  ac  frequency  is  at  or 
near  resonant  frequency  so  the  bias  voltage  is 
more  negative  and  said  x-ray  tube  current  is 
lower. 

2.  Apparatus  according  to  claim  1  including: 
a  second  transformer  (T2)  having  charactersi- 

tics  substantially  identical  to  said  one  trans- 
former,  the  second  transformer  having  a  wind- 
ing  (115)  corresponding  to  the  secondary 
winding  (103)  of  the  first  transformer  and  con- 
nected  in  parallel  therewith  but  serving  as  a 
primary  winding,  said  second  transformer  also 
having  a  secondary  winding  (116), 

another  rectifier  means  (117)  having  ac  input 
terminals  supplied  with  said  ac  signal  from  the 
second  transformer  (T2)  and  having  dc  output 
terminals  (118,  119)  across  which  a  dc  signal 
occurs  whose  value  is  related  to  frequency 
and  to  the  present  bias  voltage, 

said  voltage-to-frequency  converter  (IC1) 
including  summing  amplifier  means  (122)  for 
comparing  said  last-named  dc  signal  with  said 
control  voltage  signal  and  producing  an  error 
signal  for  altering  said  switching  frequency  to 
bring  the  bias  voltage  in  correspondence  with 
the  control  voltage  signal. 

3.  Apparatus  in  accordance  with  claim  1 

wherein  said  transformer  is  an  air-core  trans- 
former. 

4.  Apparatus  in  accordance  with  claim  2 
wherein  both  of  said  transformers  are  air-core 

5  transformers. 
5.  The  apparatus  in  accordance  with  any  of 

claims  1  or  2  including: 
a  source  (131,  134)  of  said  variable  control 

voltage  signal,  and 
w  switching  means  (132)  for  connecting  said 

source  to  provide  said  input  of  said  control 
voltage  signal  to  the  voltage-to-frequency  con- 
verter  for  controlling  the  output  frequency 
thereof. 

w  6.  The  apparatus  in  accordance  with  claim  5 
including: 

means  (138)  for  controlling  said  switching 
means  to  make  said  connection  simultaneously 
with  said  high  kilovoltage  being  applied  to 

20  said  x-ray  tube  anode. 
7.  The  apparatus  in  accordance  with  claim  6 

including: 
first  (131)  and  second  (134)  sources  of  said 

variable  control  voltage  signal, 
25  first  (132)  and  second  (135)  switching  means 

for  connecting  said  sources  alternately  to  pro- 
vide  said  input  of  said  control  voltage  signals 
to  said  voltage-to-frequency  converter,  and 

means  for  controlling  one  of  said  switching 
30  means  to  connect  the  first  source  simul- 

taneously  with  said  high  kilovoltage  being 
applied  to  said  x-ray  tube  anode  and  to  con- 
nect  the  second  source  simultaneously  with 
said  low  kilovoltage  being  applied  to  the 

35  anode. 
8.  The  apparatus  in  accordance  with  claim  1 

wherein  said  power  supply  means  comprises: 
two  three-phase  autotransformer  assemblies 

(30,  31),  each  having  input  means  for  being 
40  connected  to  a  three-phase  power  source  and 

one  being  adapted  to  provide  a  lower  output 
voltage  than  the  other, 

a  step-up  transformer  (40)  having  a  primary 
winding  and  one  Y-connected  and  another 

45  delta-connected  secondary  winding  each  of 
which  secondary  windings  have  output  ter- 
minals, 

three-phase  rectifier  means  (48)  for  each 
secondary  winding  and  supplied  with  alternat- 

50  ing  current  from  the  output  terminals  of  said 
Y-connected  and  delta-connected  secondary 
windings,  respectively,  said  rectifier  means 
being  connected  in  series  and  the  positive  side 
of  one  being  connected  to  the  x-ray  tube 

55  anode  and  the  negative  side  of  the  other 
being  connected  to  said  x-ray  tube  cathode, 

first  (32)  and  second  (50)  switch  means  and 
means  for  controlling  said  switch  means  to 
connect  the  autotransformer  having  the  lower 

60  output  voltage  to  the  transformer  primary 
winding  and  alternately  to  connect  the  auto- 
transformer  having  a  higher  output  voltage  to 
the  transformer  primary  winding. 

65 
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Patentanspriiche 

1.  Einrichtung  zum  Steuern  der  Vorspannung 
am  Steuergitter  einer  Rontgenrohre  in  Verbin- 
dung  mit  dem  Betrieb  des  Erzeugens  abwechseln-  5 
der  Rontgenstrahlen  mit  nominal  kleinen  und 
groBen  Energien,  wobei  wahrend  der  eine  kleine 
Energie  aufweisenden  Strahlen  ein  groSerer 
Rontgenrohrenstrom  flieSt  ais  wahrend  der  eine 
groBe  Energie  aufweisenden  Strahlen,  10 
enthaltend: 

eine  Rontgenrohre  (T2)  mit  einer  Anode  (13), 
einem  Steuergitter  (15)  und  einem  Elektronen 
emittierenden  Gluhfaden  (14),  der  eine  Kathode 
bifdet,  is 

Mittel  (16)  2um  Herbeifiihren  eines  vorbe- 
stimmten  Stromflusses  durch  den  Gluhfaden,  um 
dadurch  die  Temperatur  und  das  Emissionsver- 
mogen  des  Gluhfadens  einzustellen, 

eine  Einspeisung  zum  abwechselnden  Anlegen  20 
einer  kleinereii  gewahlten  Kilovolt-Gleichspan- 
nung  und  einer  groBeren  gewahlten  Kilovolt- 
Gleichspannung  an  die  Anode,  um  die  eine  nomi- 
nal  kleine  bzw.  groBe  Energie  aufweisende  Strah- 
len  zu  erzeugen,  25 

eine  Wechselrichtereinrichtung  (94)  zur  Abgabe 
von  Wechselstromsignalen  mit  einer  Frequenz, 
die  von  der  Frequenz  der  Schaltsignale  abhangt, 
die  in  die  Wechselrichtereinrichtung  eingegeben 
werden,  30 

einen  Spannungs/Frequenz-Wandler  (IC1),  der 
auf  die  Eingabe  eines  variablen  Steuerspan- 
nungssignals  anspricht,  das  zu  der  gewunschten 
Vorspannung  an  dem  Steuergitter  proportional 
ist,  und  zur  Lieferung  der  Schaltsignale  an  die  35 
Wechseirichtereinrichtung  bei  einer  Frequenz,  die 
dem  Wert  des  Steuerspannungssignals  ent- 
spricht, 

einen  Transformator  (T1)  mit  einer  Primarwick- 
lung  (102),  die  mit  den  Wechselspannungssigna-  40 
len  erregt  wird,  und  mit  einer  Sekundarwicklung 
(103),  wobei  der  Transformator  eine  parasitare 
Kapazitat  und  Induktivitat  aufweist,  die  Resonanz 
und  eine  maximale  Spannungsabgabe  von  der 
Sekundarwicklung  bei  der  einen  Frequenz  des  45 
Wechselspannungssignals  zur  Folge  hat  und  zur 
Abgabe  einer  kleineren  Spannung  bei  Frequenzen 
oberhalb  oder  unterhalb  der  Resonanzfrequenz 
fuhrt, 

eine  Gleichrichtereinrichtung  (112)  mit  Ein-  so 
gangsanschlussen  fur  das  Wechselspannungs- 
Ausgangssignal  der  Sekundarwicklung  und  mit 
Ausgangsanschlussen  (90,  91)  fur  negative  und 
positive  Vorspannung,  die  auf  entsprechende 
Weise  mit  dem  Steuergitter  und  dem  Gluhfaden  55 
verbunden  sind,  und 

Mittel  zum  Steuern  der  Spannungsversorgung, 
um  die  kleinere  Kiiovolt-Spannung  an  die  Anode 
der  Rontgenrohre  anzulegen,  wahrend  die  Wech- 
selspannungsfrequenz  Null  oder  von  der  Reson-  60 
anzfrequenz  entfernt  ist,  so  daB  die  Vorspannung 
weniger  negativ  und.  der  Rdhrenstrom  groB  ist, 
und  um  die  groBere  Spannung  an  die  Anode 
anzulegen,  wahrend  die  Wechselspannungsfre- 
quenz  auf  oder  nahe  der  Resonanzfrequenz  ist,  so  65 

dalS  die  Vorspannung  mehr  negativ  und  der 
Rontgenrohrenstrom  kleiner  ist. 

2.  Einrichtung  nach  Anspruch  1,  enthaltend: 
einen  zweiten  Transformator  (T2)  mit  Charakte- 

ristiken,  die  mit  denjenigen  des  ersten  Transfor- 
mators  im  wesentlichen  gleich  sind,  wobei  der 
zweite  Transformator  eine  Wicklung  (115)  auf- 
weist,  die  der  Sekundarwicklung  (103)  des  ersten 
Transformators  entspricht  und  dieser  parallel 
geschaltet  ist,  die  aber  als  eine  Primarwicklung 
dient,  wobei  der  zweite  Transformator  auch  eine 
Sekundarwicklung  (116)  aufweist, 

eine  weitere  Gleichrichtereinrichtung  (117)  mit 
Wechselspannungs-Eingangsanschliissen,  denen 
des  Wechselspannungssignal  von  dem  zweiten 
Transformator  (T2)  zugefuhrt  ist,  und  mit  Gleich- 
spannungs-Ausgangsanschliissen  (118,  119),  an 
denen  ein  Gleichspannungssignal  auftritt,  dessen 
Wert  zu  der  Frequenz  und  der  vorhandenen  Vor- 
spannung  in  Beziehung  steht, 

wobei  die  Spannungs/Frequenz-Wandlerein- 
richtung  (IC1)  einen  Summierverstarker  (122)  auf- 
weist  zum  Vergleichen  des  zuletzt  genannten 
Gleichspannungssignals  mit  dem  Steuerspan- 
nungssignal  und  zum  Erzeugen  eines  Fehlersi- 
gnals  zum  Andern  der  Schaltfrequenz,  um  die 
Vorspannung  mit  dem  Steuerspannungssignal  in 
Entsprechung  zu  bringen. 

3.  Einrichtung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daS  der  Transformator  ein  Luft- 
kern-Transformator  ist. 

4.  Einrichtung  nach  Anspruch  2,  dadurch 
gekennzeichnet,  daK  beide  Transformatoren  Luft- 
kern-Transformatoren  sind. 

5.  Einrichtung  nach  Anspruch  1  oder  2, 
enthaltend: 

eine  Quelle  (131,  134)  des  variablen  Steuer- 
spannungssignals  und 

Schaltmittel  (132)  zum  Verbinden  der  Quelle 
zum  Eingeben  des  Steuerspannungssignals  in  die 
Spannungs/Frequenz-Wandlereinrichtung  zum 
Steuern  ihrer  Ausgangsfrequenz. 

6.  Einrichtung  nach  Anspruch  5,  enthaltend: 
Mittel  (138)  zum  Steuern  der  Schalteinrichtung 

zum  Herstellen  der  Verbindung  gleichzeitig  mit 
dem  Anlegen  der  groSen  Kiiovolt-Spannung  an 
die  Anode  der  Rontgenrohre. 

7.  Einrichtung  nach  Anspruch  6,  enthaltend: 
erste  (131)  und  zweite  (134)  Quellen  des  varia- 

bien  Steuerspannungssignals, 
erste  (132)  und  zweite  (135)  Schaltmittel  zum 

abwechselnden  Verbinden  der  Quellen  zur  Ein- 
gabe  der  Steuerspannungssignale  in  die  Span- 
nungs/Frequenz-Wandlereinrichtung  und 

Mittel  zum  Steuern  der  einen  Schalteinrichtung, 
um  die  erste  Quelle  gleichzeitig  zu  verbinden, 
wenn  die  groBe  Kiiovolt-Spannung  an  die  Anode 
der  Rontgenrohre  angelegt  wird,  und  um  die 
zweite  Quelle  gleichzeitig  zu  verbinden,  wenn  die 
kleine  Kiiovolt-Spannung  an  die  Anode  angelegt 
wird. 

8.  Einrichtung  nach  Anspruch  1,  wobei  die 
Spannungsversorgung  aufweist: 

zwei  dreiphasige  Autotransformatoren  (30,  31), 
die  jeweils  Eingangsmittelaufweisen  zum  Verbin- 
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un  premier  transformateur  (T1)  ayantun  enrou- 
lement  primaire  (102)  prevu  pour  etre  alimente 
par  les  signaux  a  courant  alternatif  et  ayant  un 
enroulement  secondaire  (103),  ce  transformateur 
ayant  une  capacite  et  une  inductance  parasites 
qui  produisent  une  resonance  et  donnent  une 
tension  de  sortie  maximale  de  I'enroulement 
secondaire  a  une  frequence  des  signaux  aiterna- 
tifs,  et  donnent  une  tension  de  sortie  inferieure  a 
des  frequences  superieures  ou  inferieures  a  la 
frequence  de  resonance, 

des  moyens  redresseurs  (112)  ayant  des  bornes 
d'entree  qui  regoivent  la  tension  de  sortie  alterna- 
tive  de  I'enroulement  secondaire,  et  des  bornes 
de  sortie  de  tension  de  polarisation  negative  et 
positive  (90,  91)  qui  sont  respectivement  connec- 
tees  a  la  grille  de  commande  et  au  filament,  et 

des  moyens  destines  a  commander  les  moyens 
d'alimentation  pour  appliquer  la  haute  tension 
inferieure  a  I'anode  du  tube  a  rayons  X  lorsque  la 
frequence  des  signaux  alternatifs  est  egale  a  zero 
et  est  eloignee  de  la  frequence  de  resonance,  de 
fagon  que  la  tension  de  polarisation  soit  moins 
negative  et  que  le  courant  du  tube  soit  eleve,  et 
pour  appliquer  la  tension  superieure  a  I'anode 
lorsque  la  frequence  des  signaux  aiternatifs  est 
egale  a  la  frequence  de  resonance  ou  proche  de 
celle-ci,  de  fagon  que  la  tension  de  polarisation 
soit  plus  negative  et  que  le  courant  du  tube  a 
rayons  X  soit  inferieur. 

2.  Appareil  selon  la  revendication  1,  compre- 
nant: 

un  second  transformateur  (T2)  ayant  des  carac- 
teristiques  pratiquement  identiques  a  ceiles  du 
premier  transformateur,  le  second  transformateur 
comportant  un  enroulement  (115)  qui  correspond 
a  I'enroulement  secondaire  (103)  du  premier 
transformateur  et  qui  est  connecte  en  parallele 
avec  celui-ci,  mais  qui  fait  fonction  d'enroulement 
primaire,  ce  second  transformateur  comportant 
egalement  un  enroulement  secondaire  (116), 

des  autres  moyens  redresseurs  (117)  ayant  des 
bornes  d'entree  a  courant  alternatif  qui  regoivent 
le  signal  a  courant  alternatif  provenant  du  second 
transformateur  (T2)  et  ayant  des  bornes  de  sortie 
a  courant  continu  (118,  119)  entre  lesquelles 
apparait  un  signal  a  courant  continu  dont  la 
valeur  est  liee  a  la  frequence  et  a  ia  tension  de 
polarisation  presente, 

le  convertisseur  tension-frequence  (IC1)  com- 
prenant  des  moyens  amplificateurs  de  somma- 
tion  (122)  destines  a  comparer  le  signal  a  courant 
continu  mentionne  en  dernier  avec  le  signal  de 
tension  de  commande,  et  a  produire  un  signal 
d'erreur  pour  modifier  la  frequence  de  commuta- 
tion,  pour  faire  en  sorte  que  la  tension  de  polari- 
sation  corresponde  au  signal  de  tension  de  com- 
mande. 

3.  Appareil  selon  la  revendication  1,  dans  lequel 
le  transformateur  est  un  transformateur  a  circuit 
magnetique  a  air. 

4.  Appareil  selon  la  revendication  2,  dans  lequel 
les  deux  transformateurs  sont  des  transforma- 
teurs  a  circuit  magnetique  a  air. 

5.  L'appareii  selon  I'une  quelconque  des  reven- 

den  mit  einer  dreiphasigen  Spannungsquelle  und 
von  denen  einer  in  der  Lage  ist,  erne  kleinere 
Ausgangsspannung  als  der  andere  zu  liefern, 

einen  Aufwartstransformator  (40)  mit  einer  Pri- 
marwicklung  und  einer  im  Stern  geschalteten  und  s 
einer  weiteren  im  Dreieck  geschalteten  Sekundar- 
wicklung,  von  denen  jede  Sekundarwicklung  Aus- 
gangsanschliisse  aufweist, 

eine  dreiphasige  Gleichrichtereinrichtung  (48) 
fur  jede  Sekundarwicklung,  die  mit  Wechselstrom  10 
aus  den  Ausgangsanschliissen  der  im  Stern  bzw. 
im  Dreieck  geschalteten  Sekundarwicklungen 
gespeist  sind,  wobei  die  Gleichrichtereinrichtung 
in  Reihe  und  mit  der  positiven  Seite  des  einen,  der 
mit  der  Anode  der  Rontgenrohre  verbunden  ist,  75 
und  der  negativen  Seite  des  anderen  verbunden 
ist,  der  mit  der  Kathode  der  Rontgenrohre  ver- 
bunde  ist, 

erste  (32)  und  zweite  (50)  Schaltermittel  und 
Mittel  zum  Steuern  der  Schaltermittel,  um  den  zo 
Autotransformator  mit  der  kleineren  Ausgangs- 
spannung  mit  der  Primarwicklung  des  Transfor- 
mators  zu  verbinden  und  abwechselnd  den  Auto- 
transformator  mit  der  hoheren  Ausgangsspan- 
nung  mit  der  Primarwicklung  des  Transformators  25 
zu  verbinden. 

Revendications 

1.  Appareil  pour  commander  la  tension  de  30 
polarisation  appliquee  a  la  grille  de  commande 
d'un  tube  a  rayons  X  en  relation  avec  I'operation 
consistant  a  produire  alternativement  des  fais- 
ceaux  de  rayons  X  ayant  des  energies  nominates 
faibles  et  elevees,  dans  laquelle  le  courant  qui  35 
circuie  dans  le  tube  a  rayons  X  est  plus  eleve 
pendant  les  faisceaux  a  faible  energie  que  pen- 
dant  les  faisceaux  a  energie  elevee,  comprenant: 

un  tube  a  rayons  X  (12)  comprenant  une  anode 
(13),  une  grille  de  commande  (15)  et  un  filament  40 
(14)  emettant  des  electrons  qui  constitue  une 
cathode, 

des  moyens  (16)  destines  a  faire  circuler  un 
courant  predetermine  dans  le  filament,  pour  fixer 
ainsi  la  temperature  et  le  niveau  d'emission  du  45 
filament, 

des  moyens  d'alimentation  destines  a  appli- 
quer  alternativement  a  I'anode  une  haute  tension 
continue  selectionnee  inferieure  et  une  haute 
tension  continue  selectionnee  superieure,  pour  so 
produire  respectivement  les  faisceaux  ayant  des 
energies  nominales  faibles  et  elevees; 

des  moyens  onduleurs  (94)  qui  foumissent  des 
signaux  a  courant  alternatif  ayant  une  frequence 
qui  depend  de  la  frequence  de  signaux  de  com-  55 
mutation  qui  sont  appliques  a  des  moyens  inver- 
seurs, 

des  moyens  convertisseurs  tension-frequence 
(IC1)  qui  reagissent  a  I'application  d'un  signal  de 
tension  de  commande  variable  proportionnel  a  la  60 
tension  de  polarisation  desiree  sur  la  grille  de 
commande,  et  qui  appliquent  les  signaux  de 
commutation  aux  moyens  inverseurs  a  une  fre- 
quence  qui  correspond  a  la  valeur  du  signal  de 
tension  de  commande,  65 
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dications  1  ou  2,  comprenant: 
une  source  (131,  134)  du  signal  de  tension  de 

commande  variable,  et 
des  moyens  de  commutation  (132)  destines  a 

connecter  cette  source  de  fagon  a  appliquer  le  s 
signal  de  tension  de  commande  a  I'entree  du 
convertisseur  tension-frequence,  pour  comman- 
der  la  frequence  de  sortie  de  celui-ci. 

6.  L'appareil  selon  la  revendication  5,  compre- 
nant:  10 

des  moyens  (138)  destines  a  commander  les 
moyens  de  commutation  pour  etablir  la  con- 
nexion  precitee  simultanement  a  I'application  de 
la  haute  tension  de  valeur  elevee  a  I'anode  du 
tube  a  rayons  X.  is 

7.  L'appareil  selon  la  revendication  6,  compre- 
nant: 

des  premiere  (131)  et  seconde  (134)  sources  de 
signal  de  tension  de  commande  variable, 

des  premiers  (132)  et  seconds  (135)  moyens  de  20 
commutation  destines  a  connecter  alternative- 
ment  les  sources  precitees  de  facon  a  appliquer 
ies  signaux  de  tension  de  commande  a  I'entree  du 
convertisseur  tension-frequence,  et 

des  moyens  destines  a  commander  soit  les  25 
premiers,  soit  les  seconds  moyens  de  commuta- 
tion  pour  connecter  la  premiere  source  simultane- 
ment  a  I'application  de  la  haute  tension  de  valeur 
elevee  a  I'anode  du  tube  a  rayons  X,  et  pour 
connecter  la  seconde  source  simultanement  a  30 
I'application  a  I'anode  de  la  haute  tension  de 
valeur  faible. 

8.  L'appareil  selon  la  revendication  1,  dans 
lequel  les  moyens  d'alimentation  comprennent: 

deux  autotransformateurs  triphases  (30,  31), 
ayant  chacun  des  moyens  d'entr§e  prevus  pour 
etre  connectes  a  une  source  d'energie  triphasee, 
et  I'un  de  ces  autotransformateurs  etant  conc.u  de 
fagon  a  fournir  une  tension  de  sortie  inferieure  a 
celle  de  I'autre, 

un  transformateur  elevateur  (40)  ayant  un 
enroulement  primaire  ainsi  qu'un  enroulement 
secondaire  connecte  en  triangle  et  un  autre 
enroulement  secondaire  connecte  en  etoile,  cha- 
cun  de  ces  enroulements  secondaires  comportant 
des  bornes  de  sortie, 

des  moyens  redresseurs  triphases  (48)  pour 
chaque  enroulement  secondaire,  recevant  respec- 
tivement  du  courant  alternatif  a  partir  des  bornes 
de  sortie  des  enroulements  secondaires  con- 
nectes  en  etoile  et  connectes  en  triangle,  ces 
moyens  redresseurs  etant  connectes  en  serie  et  le 
cote  positif  de  I'un  deux  etant  connecte  a  I'anode 
du  tube  a  rayons  X  tandis  que  le  cote  negatif  de 
I'autre  est  connecte  a  la  cathode  du  tube  a  rayons 
X, 

des  premiers  (32)  et  seconds  (50)  elements  de 
commutation  et  des  moyens  destines  a  comman- 
der  ces  elements  de  commutation  pour  connecter 
a  I'enroulement  primaire  de  transformateur  I'au- 
totransformateur  ayant  la  tension  de  sortie  infe- 
rieure,  et  pour  connecter  en  alternance  a  I'enrou- 
lement  primaire  de  transformateur  I'autotransfor- 
mateur  ayant  une  tension  de  sortie  supe>ieure. 
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