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Electron  beam  devices. 

An  electron  beam  device  comprises  a  cold 
cathode  1,  modulation  means  2  and  an  anode  3. 
The  components  of  the  device  have  a  longitudi- 
nal  configuration  and  enable  an  electron  beam 
produced  by  the  cathode  1  to  be  transversely 
modulated  with  a  microwave  signal  transmitted 
along  the  modulator  waveguide  structure  2.  The 
modulated  output  may  be  propagated  along  the 
elongate  anode  3  or  may  be  arranged  to  propa- 
gate  through  the  anode  substrate  5  and  inter- 
face  directly  with  an  antenna  or  other  circuit 
element. 
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This  invention  relates  to  electronic  devices  em- 
ploying  cold  cathodes,  and  particularly,  but  not  exclu- 
sively,  to  cathodes  of  the  field  emission  type. 

Most  electronic  devices  operate  as  the  result  of 
longitudinal  modulation  of  the  electric  current  in  the 
direction  of  the  current.  This  is  particularly  true  of  sol- 
id  state  devices  but  it  is  also  true  of  many  classes  of 
vacuum  electronic  devices.  In  these,  the  modulation 
of  the  velocity  in  the  direction  of  the  current  produces 
little  immediate  modulation  of  the  current  unless  the 
electrons  of  the  beam  are  of  very  low  velocity.  For 
such  low  velocity  beams  modulation  results  in  some 
electrons  being  returned  to  the  cathode.  For  higher 
velocity  beam  devices  the  resulting  velocity  modula- 
tion  is  converted  to  current  modulation  only  if  the 
beam  is  permitted  to  traverse  a  sufficiently  long  path. 
Both  of  these  features  are  undesirable.  In  the  former 
case,  with  a  field  emission  cold  cathode  in  particular, 
the  returned  electrons  will  be  collected  by  extraction 
grids  biased  at  about  100V  and  will  result  in  signifi- 
cant  energy  dissipation.  In  the  latter  case,  the  long 
drift  tube  path  length  results  in  ungainly  device  geo- 
metries  which  are  difficult  to  manufacture. 

In  contrast,  transverse  modulation  does  not  suf- 
ferf  rom  eitherof  the  above  drawbacks.  Firstly,  the  net 
forward  velocity  of  the  electron  beam  is  not  reduced 
by  the  modulation  and  there  is  thus  no  increased  like- 
lihood  of  electrons  being  captured  by  the  extraction 
grid  of  a  cold  cathode.  Secondly,  the  conversion  of  ve- 
locity  modulation  to  current  modulation  is  not  directly 
related  to  the  path  length  of  the  beam  but  rather  to  its 
width.  The  longitudinal  velocity  of  the  beam  is  thus 
not  a  critical  parameter  and  the  size  and  scale  of  the 
device  is  governed  mainly  by  the  degree  of  control  of 
the  beam  profile.  Indeed  higher  beam  velocities 
would  be  an  advantage  rather  than  a  disadvantage, 
resulting  in  lower  charge  densities,  reduced  space 
charge  repulsion,  more  easily  controlled  beams  and 
higher  output  power. 

A  number  of  vacuum  electronic  devices  do  exploit 
transverse  modulation,  notably  magnetrons  and 
cathode  ray  tubes  (CRTs).  Both  of  these  are  charac- 
terised  by  high  efficiency  and  relatively  compact  ge- 
ometry. 

These  transverse  modulated  devices  do,  how- 
ever,  have  limitations.  In  the  case  of  the  magnetron 
a  magnetic  field  is  required  to  control  the  beam  close 
to  the  cathode.  The  magnetic  field  is  essentially  fixed 
and  as  a  result  output  power  and  frequency  are  not 
widely  tunable  within  a  single  device.  In  the  case  of 
the  CRT  control  is  obtained  either  electrostatically  or 
electromagnetically.  Although  such  devices  are  more 
easily  tuned,  accurate  current  control  is  preclued  as 
control  electrodes  are  relatively  remote  from  the 
cathode,  and  the  total  beam  currents  are  low.  Such 
CRT  devices  are  therefore  applicable  to  only  lower 
power  devices  such  as  those  used  for  display  appli- 
cations. 

The  present  invention  seeks  to  provide  an  im- 
proved  device  which  employs  transverse  modulation. 

According  to  the  invention,  there  is  provided  an 
electron  beam  device  comprising  a  split  anode,  a  cold 

5  cathode  arranged  to  produce  a  sheet  electron  beam 
and  waveguide  modulation  means  for  applying  a 
modulating  signal  transversely  across  the  electron 
beam  to  modulate  the  beam  deflection  whereby  cur- 
rent  in  the  split  anode  is  modulated. 

w  By  employing  the  invention,  transverse  modula- 
tion  may  be  used  without  sacrificing  beam  control.  As 
the  cathode  is  a  cold  cathode,  control  electrodes  may 
be  closely  spaced  next  to  the  electron  emissive  sur- 
face.  Furthermore,  there  is  thus  no  requirement  to  in- 

15  elude  magnetic  field  control.  In  an  advantageous  em- 
bodiment  of  the  invention,  the  electrodes  are  mount- 
ed  directly  on  the  cathode  or  on  a  cathode  substrate 
enabling  accurate  alignment  to  be  achieved  and 
maintained.  In  addition,  a  device  in  accordance  with 

20  the  invention  may  be  arranged  to  provide  several 
watts  of  microwave  power. 

Preferably,  the  cathode  is  a  field  emission  cath- 
ode  of  the  type  which  includes  a  plurality  of  sharp  tips 
which  are  electron  emissive  and  contribute  to  the 

25  electron  beam,  although  other  types  of  cold  cathode 
may  be  employed.  The  tips  may  be  surrounded  by  a 
common  extraction  grid  or  alternatively  there  may  be 
a  plurality  of  extraction  grids  associated  with  different 
individual,  or  groups  of,  tips. 

30  In  a  preferred  embodiment,  electrode  means  are 
included  for  controlling  the  electron  beam  profile.  An 
electrode,  or  electrodes,  may  be  included  in  the  cath- 
ode  for  collimating  the  electron  beam.  Alternatively, 
or  in  addition,  an  electrode  or  electrodes  may  be  in- 

35  eluded  between  a  waveguide  of  the  modulator 
means,  along  which  an  input  signal  is  propagated, 
and  the  cathode  to  provide  a  beam  forming  lens  ac- 
tion. 

The  device  is  particularly  advantageous  when 
40  used  with  modulating  signals  at  microwave  frequen- 

cies  but  may  also  be  used  with  signals  at  other  fre- 
quencies.  The  invention  enables  in  one  particularly 
advantageous  embodiment  a  combination  to  be 
made  of  a  cold  cathode  and  a  CRT  type  of  device  ge- 

45  ometry  fabricated  on  the  cathode  to  provide  an  effi- 
cient,  compact  microwave  device  capable  of  provid- 
ing  several  watts  of  microwave  power. 

Some  ways  in  which  the  invention  may  be  per- 
formed  are  now  described  with  reference  to  the  ap- 

50  pended  drawings  in  which: 
Figure  1  schematically  illustrates  an  electronic 
device  in  accordance  with  the  invention; 
Figure  2  is  a  plan  view  of  part  of  the  device  of  Fig- 
ure  1; 

55  Figure  3  illustrates  part  of  a  cathode  suitable  for 
use  in  the  device  of  Figure  1  ; 
Figure  4  schematically  shows  an  alternative  cath- 
ode  arrangement  which  may  be  employed  in  the 
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device  of  Figure  1  ; 
Figure  5  illustrates  a  modulator  structure  used  in 
the  device; 
Figure  6  illustrates  the  device  of  Figure  1  in  op- 
eration;  5 
Figure  7  shows  an  output  arrangement  in  accor- 
dance  with  the  invention; 
Figure  8  schematically  illustrates  a  device  in  ac- 
cordance  with  the  invention  which  includes  a  plur- 
ality  of  cathodes;  and  w 
Figure  9  is  a  schematic  plan  view  of  the  device 
shown  in  Figure  8. 
The  Figures  are  schematic  and  drawn  to  different 

scales  in  order  to  clearly  show  different  parts  of  the 
device.  15 

A  device  for  modulating  an  electron  beam  to  pro- 
duce  a  microwave  output  consists  of  three  main 
parts,  as  illustrated  in  Figure  1  :  a  cold  cathode  1  ,  split 
modulator  structure  2  and  a  split  anode  3.  The  first 
two  components  are  fabricated  on  a  common  sub-  20 
strate  4  which  may  also  support  auxiliary  beam  focus- 
ing  electro-static  lenses.  The  split  anode  3  is  fabricat- 
ed  on  a  separate  substrate  5  which  is  preferably  a  low 
loss  insulating  substrate  such  as  quartz  enabling  the 
anode  3  to  act  as  a  dipolar  antenna  if  desired,  for  the  25 
direct  transmission  of  output  microwave  power 
through  the  substrate  directly  into  an  impedance 
matching  feed  horn  or  quasi-optical  antenna  system 
(not  shown).  The  whole  device  is  enclosed  within  an 
evacuated  sealed  enclosure,  although  in  other  em-  30 
bodiments  the  enclosure  contains  deliberately  intro- 
duced  gases  at  pressures  at  typically  1Ch5  mbar  - 
1  0-7  mbar. 

The  cathode  1,  modulator  structure  2  and  anode 
3  are  of  an  elongate  geometry.  The  modulator  struc-  35 
ture  2  and  the  split  anode  3  each  comprise  two  con- 
ductive  strips  2a,  2b  and  3a,  3b  with  a  gap  2c  and  3c 
between  them.  The  cathode  1  is  extensive  along  the 
length  of  the  modulator  structure  2  and  the  anode  3 
and  aligned  with  the  gaps  2c  and  3c  between  them.  40 
Figure  2  is  a  schematic  plan  view  of  the  cathode  1  and 
modulator  structure  2,  the  anode  3  being  of  similardi- 
mensions. 

For  the  intended  microwave  application  of  this 
device,  the  anode  3  is  spaced  between  approximately  45 
1mm  and  10mm  from  the  modulation  structure  2  and 
split  anode  slot  3c  is  aligned  with  the  slot  2c  in  the 
modulation  structure  2.  The  cathode  substrate  4  and 
the  anode  substrate  5  respectively  form  two  ends  of 
the  vacuum  enclosure  with  an  intervening  cylindrical  50 
wall  6  being  sealed  by  brazing  or  electrostatic  bond- 
ing  to  each  of  the  end  substrates  4  and  5  to  form  the 
sealed  enclosure.  This  sealing  may  be  carried  out  un- 
der  evacuated  conditions  with  passive  backfilling  and 
results  in  a  completely  sealed  device.  55 

The  detailed  structure  and  operation  of  the  de- 
vice  will  now  be  described  by  separate  reference  to  its 
three  component  parts.  Although  other  cold  cathode 

structures  could  be  used,  this  arrangement  employs 
a  field  emission  cathode  constructed  as  an  array  of 
sharp  tips  7  either  on  a  conducting  substrate  8  as 
shown  in  Figure  3,  which  shows  only  one  tip  of  the  ar- 
ray  for  the  sake  of  clarity,  or  on  a  thin  conducting  layer 
on  an  insulating  substrate.  The  fabrication  of  an  array 
of  such  tips  may  be  carried  out  using  the  process  de- 
scribed  in  ourcopending  application  published  under 
serial  number  GB  2  254  958A.  The  sharp  tips  7  are  of 
silicon,  say,  and  are  insulated  by  approximately  1.5 
urn  of  silicon  dioxide  9  for  example,  from  a  conductive 
extraction  grid  10.  Application  of  approximately  + 
1  00V  to  this  grid  relative  to  the  tips  7  results  in  a  wide- 
ly  diverging  beam  of  electrons,  being  produced  from 
the  tips  7  with  a  typical  average  current  of  1̂   A  per 
tip.  Such  a  beam  is  uncollimated  and  requires  careful 
design  and  accurate  fabrication  to  enable  it  to  be  guid- 
ed  through  the  modulation  structure  2. 

Although  the  simple  cathode  structure  shown  in 
Figure  3  could  be  used,  in  practice  it  is  preferable  to 
include  a  second  focusing  grid  12  as  shown  in  Figure 
4  biased  at  approximately  the  same  potential  as  the 
tips.  This  grid  12  is  insulated  from  the  first  grid  10  by, 
typically,  1.5  urn  of  silicon  dioxide  13  or  some  other 
suitable  non-outgassing  insulator  able  to  withstand 
the  applied  fields  (about  108  Vim).  The  electrostatic 
repulsion  of  the  emitted  beams  from  each  of  the  tips 
7  by  this  second  grid  12  results  in  collimation  of  each 
separate  beam  and  thus  collimation  of  the  whole 
emitted  current. 

The  overall  shape  of  the  beam  is  determined  by 
the  shape  of  the  array  of  tips  7.  In  this  embodiment 
of  the  invention  the  beam  is  required  to  be  in  the  form 
of  a  vertical  slab  rising  from  cathode  surface.  Typical 
cathode  dimensions  are  lOO^m  x  several  millimetres 
so  that  with  the  tips  7  spaced  1  Ô m  apart  or  less,  the 
array  contains  several  thousand  tips  and  produces  a 
current  of  1  0  Â  or  more. 

The  beam  is  modulated  by  means  of  a  planar  wa- 
veguide  structure  14  immediately  in  front  of,  and  pre- 
ferably  supported  on,  the  cathode  substrate  4.  The 
structure  and  action  of  the  modulator  2  is  illustrated 
in  greater  detail  in  Figure  5.  Because  of  space  charge 
repulsion,  and  also  in  order  to  increase  the  current 
density  through  the  modulator  2,  this  structure  also 
contains  lens  structures  1  5  consisting  of  two  electro- 
des  lying  perpendicularly  to  the  beam  direction  and 
co-  parallel  with  the  substrate  4  and  planar  waveguide 
14.  These  structures  14  and  15  are  supported  by  un- 
derlying  insulator  layers  16  preferably  composed  of 
silicon  dioxide  or  high  temperature  organic  polymer 
materials  such  as  polyamide  for  example.  These  elec- 
trodes  15  are  a  few  microns  thick  equally  spaced  (typ- 
ically  30  urn)  from  the  cathode  substrate  4  and  the 
modulation  structure  2.  With  these  spacings  the  mod- 
ulator  2  is  some  100  ^m  above  the  cathode  1.  This 
spacing  minimises  capacitance  between  the  planar 
modulation  waveguide  14  and  the  cathode  substrate 
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4.  As  some  modulation  field  penetrates  down  through 
the  lens  structure  15,  these  electrodes,  and  also  the 
modulator2  are  advantageously  constructed  of  a  high 
electrical  conductivity  material,  such  as  copper  or 
gold,  to  minimise  microwave  losses.  5 

In  other  embodiments  of  the  invention,  the  lens 
structure  may  be  omitted,  or  only  one  electrode  or 
more  than  two  electrodes  could  be  included,  depend- 
ing  on  the  application  of  the  device  and  the  desired 
performance  characteristics.  w 

With  the  first  grid  lens  biased  at  close  to  tip  po- 
tential  and  the  second  at  close  to  extraction  grid  po- 
tential  the  collimated  beam  is  compressed  to  increase 
the  current  density  through  the  modulator  waveguide 
14  and  minimise  the  current  intercepted  by  the  wave-  15 
guide. 

During  operation  of  the  device,  microwave  radia- 
tion  is  arranged  to  propagate  down  the  planar  modu- 
lation  waveguide  14.  This  results  in  an  oscillating 
electric  field  substantially  perpendicular  to  the  beam.  20 
To  minimise  non-  perpendicular  components  of  this 
field,  and  also  to  ensure  that  the  field  acts  on  the 
beam  along  a  long  path  length  of  the  beam,  the  mod- 
ulation  waveguide  14  is  some  many  tens  of  microns 
thick.  25 

A  few  tenths  of  a  watt  of  microwave  power  results 
in  sufficient  oscillating  angular  beam  deflection  that 
complete  charge  modulation  is  achieved  on  the  split 
anode  3  planar  waveguide  mounted  some  few  milli- 
metres  above  the  modulator  as  illustrated  in  Figure  6.  30 
The  split  anode  waveguide  may  be  matched  to  the 
modulator  waveguide  so  that  the  distributed  amplifi- 
cation  of  the  input  signal  occurring  along  the  length  of 
the  device  constructively  interferes  on  the  anode  wa- 
veguide.  In  particular  this  would  require  the  micro-  35 
wave  phase  velocities  to  be  the  same  on  the  two  wa- 
veguides.  With  both  modulator  and  anode  structures 
being  at  the  same  bias  of  approximately  +  1  00V  rela- 
tive  to  the  tips  3  electrons  have  approximately  1  00  eV 
of  energy  at  the  split  anode  and  with  complete  charge  40 
density  modulation,  shown  in  Figure  6,  several  watts 
of  output  power  may  be  generated. 

Complete  beam  modulation  as  shown  in  Figure  6 
need  not  be  necessary  for  device  operation.  It  may  be 
advantageous  to  have  a  relatively  larger  gap  between  45 
the  two  halves  of  the  anode  waveguide  such  that  the 
beam  does  not  impact  on  the  split  anode.  In  such  a 
case  the  output  power  is  induced  in  the  waveguide  by 
the  oscillating  charge  density  in  the  gap.  In  this  mode 
of  operation  lower  gain  is  obtained  but  the  efficiency  50 
can  remain  high  by  retarding  the  electrons  after  they 
pass  the  split  anode  to  be  collected  on  an  additional 
electrode  on  the  anode  substrate  5  between  the  two 
halves  of  the  split  anode  and  biased  negatively  with 
respect  to  the  split  anode.  Forsuch  operation  the  sub-  55 
strate  might  be  electrically  conducting  and  itself  be 
the  final  depressed  collector  of  the  electrons.  In  prac- 
tice  the  depressed  collector  is  likely  to  have  a  more 

complicated  structure  than  a  simple  metal  sheet  and 
may  consist  of  several  electrodes  1  7,  as  schematical- 
ly  shown  in  Figure  7,  following  the  well  known  design 
criteria  for  depressed  collectors  in  other  devices.  In 
addition,  because  of  the  lower  gain  in  this  configura- 
tion  the  split  anode  structure  may  consist  of  several 
such  anode  structures  18  along  the  beam  so  that  af- 
ter  passing  one,  the  beam  then  enters  the  next  split 
anode  segment  and  so  on.  The  outputs  of  these  sep- 
arate  anode  segments  18  are  then  combined  onto  a 
single  waveguide  1  9  in  such  a  way  as  to  compensate 
for  the  phase  delay  caused  by  the  finite  transit  time 
between  the  segments.  Such  a  multistage  output  is 
common  to  other  microwave  devices  such  as  the  trav- 
elling  wave  tube  and  klystron. 

Although  generated  anode  power  could  be  sim- 
ply  propagated  via  the  anode  planar  waveguide  to 
some  distant  antenna  or  other  circuit  element,  in  an 
advantageous  implementation  of  the  device  the  split 
anode  is  structured  to  be  directly  microwave  compat- 
ible  with  the  output  antenna  itself  within  which  it  then 
constitutes  a  simple  dipole  source.  In  such  an  imple- 
mentation  DC  current  return  is  provided  by  a  high  mi- 
crowave  impedance  (inductive)  link. 

In  practice,  the  device  is  operated  with  the  ex- 
traction  grid  and  both  planar  waveguides  at  near 
ground  potential  for  easy  integration  with  other  micro- 
wave  components. 

Although  the  device  has  been  described  by  refer- 
ence  to  a  single  microwave  output  unit  it  is  also  en- 
visaged  that  multiple  units  of  the  type  described  could 
be  mounted  within  the  same  vacuum  enclosure  and 
preferably  interfaced  to  the  same  output  antenna  or 
other  circuit  element.  In  addition  to  simply  providing 
greater  output  power,  such  an  arrangement  would 
also  allow  the  possibility  of  variable  phasing  between 
the  separate  units  and  thus  provide  an  electronically 
steerable  output  microwave  beam. 

In  such  a  multiple  beam  device,  electrostatic  in- 
teractions  between  the  beams  may  lead  to  beam  dis- 
tortion.  At  high  current,  this  could  be  sufficient  to  dis- 
place  the  beams  from  an  end  position  centred  on  the 
split  anode  structure.  Such  space-charge  distortions 
may  be  minimised  by  segmenting  the  drift  space  be- 
tween  the  split  modulator  and  the  split  anode  struc- 
tures  with  screening  electrode  means.  The  screening 
electrode  may  advantageously  consist  of  an  electri- 
cally  conductive  support  structure  20  which  spaces 
the  anode  substrate  21  from  the  cathode/modulator 
substrate  22,  as  shown  in  Figure  8.  The  screening 
electrode,  anode  structure  and  waveguide  modulator 
are  maintained  at  a  common  dc  potential.  As  shown 
in  Figure  9,  which  is  a  plan  view  through  a  transparent 
anode  substrate  of  the  arrangement  shown  in  Figure 
8,  the  screening  electrode  20  may  also  be  configured 
to  provide  a  sealed  enclosure  enclosing  the  beam 
electrodes  but  need  not  divide  the  individual  beam  re- 
gions  into  separate  sealed  enclosures.  In  this  em- 



EP  0  637  832  A1 

bodiment,  screening  electrode  20  encloses  the  active 
part  of  the  device  within  a  single  cylindrical  enclosure 
20a  and  also  includes  a  portion  20b  which  separates 
two  beam  regions  23  and  24,  which  address  the  same 
anode  transmission  line  25.  In  other  arrangements 
separate  screening  members  may  be  used. 

gate  through  the  substrate  (5)  on  which  the 
anode  (3)  is  mounted. 

11.  Adevice  as  claimed  in  claim  10  wherein  a  circuit 
element  or  antenna  is  mounted  on  the  anode  sub- 
strate  to  receive  the  output  signal. 

12.  A  device  as  claimed  in  any  preceding  claim 
wherein  the  split  anode  comprises  a  plurality  of 
anode  members  (18)  spaced  apart  in  the  direc- 
tion  of  the  electron  beam. 

13.  A  device  as  claimed  in  any  preceding  claim 
wherein  the  maximum  deflection  of  the  electron 
beam  at  the  anode  is  less  than  the  gap  (3c)  de- 
fined  by  the  split  anode  (3a,  3b). 

14.  Adevice  as  claimed  in  any  preceding  claim  and 
including  electrically  conductive  multistage  col- 
lector  means  (17)  on  which  the  electron  beam  is 
arranged  to  be  incident,  the  collector  means  be- 
ing  arranged  to  operate  in  a  depressed  mode. 

15.  A  device  as  claimed  in  any  preceding  claim 
wherein  the  split  anode  (3)  is  arranged  to  act  as 
a  dipolar  microwave  source. 

16.  Adevice  as  claimed  in  any  preceding  claim  and 
comprising  a  plurality  of  cold  cathodes  arranged 
to  produce  a  plurality  of  sheet  electron  beams 
(Figure  8). 

17.  Adevice  as  claimed  in  claim  16  wherein  the  cath- 
odes  are  associated  with  respective  modulation 
means  whereby  respective  sheet  electron  beams 
are  individually  controllable. 

18.  Adevice  as  claimed  in  claim  16  or  17  and  includ- 
ing  screening  means  (20)  arranged  to  screen  one 
electron  beam  (23)  from  an  adjacent  electron 
beam  (24). 

19.  A  device  as  claimed  in  claim  18  wherein  the 
screening  means  (20)  comprises  an  electrically 
conductive  member  extensive  between  the 
anode  and  the  cathode  substrate  (21). 

20.  Adevice  as  claimed  in  claim  18  or  19  wherein  the 
screening  means  (20)  is  integral  with  an  enclo- 
sure  defining  wall  (20a)  within  which  electrodes 
of  the  device  are  located. 

21.  Adevice  as  claimed  in  any  one  of  claims  16  to  20 
wherein  different  electron  beams  are  arranged  to 
modulate  current  in  a  common  split  anode  (25). 

Claims 

1.  An  electron  beam  device  comprising  a  split 
anode  (3),  a  cold  cathode  (1  )  arranged  to  produce 
a  sheet  electron  beam  and  waveguide  modula- 
tion  means  (2,  14)  for  applying  a  modulating  sig- 
nal  transversely  across  the  electron  beam  to 
modulate  the  beam  deflection  whereby  current  in 
the  split  anode  is  modulated. 

2.  Adevice  as  claimed  in  claim  1  wherein  the  cath- 
ode  (1)  is  of  the  field  emission  type  and  compris- 
es  an  array  of  sharp  tips  (7)  which  are  electron 
emissive  and  contribute  to  the  electron  beam. 

3.  A  device  as  claimed  in  any  preceding  claim  and 
including  electrode  means  (12,  15)  arranged  to 
control  the  electron  beam  profile. 

4.  Adevice  as  claimed  in  claim  1,  2  or  3  wherein  the 
modulation  means  (14)  and  the  cathode  (1)  are 
supported  on  a  common  substrate  (4). 

5.  A  device  as  claimed  in  any  preceding  claim 
wherein  the  waveguide  modulation  means  com- 
prises  an  elongate  waveguide  structure  (14) 
along  which  the  modulation  signal  is  arranged  to 
propagate  and  the  cathode  (1)  is  of  an  elongate 
configuration  and  aligned  with  the  waveguide 
structure  (14). 

6.  A  device  as  claimed  in  any  preceding  claim 
wherein  the  anode  comprises  two  elongate  con- 
ductors  (3a,  3b)  which  act  as  waveguide  means 
via  which  an  output  signal  is  extracted. 
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7.  Adevice  as  claimed  in  claim  6  wherein  the  anode  45 
(3)  is  aligned  substantially  parallel  with  the  wave- 
guide  modulation  means  (14). 

8.  A  device  as  claimed  in  any  preceding  claim 
wherein  the  modulating  signal  is  at  microwave  50 
frequency. 

9.  A  device  as  claimed  in  any  preceding  claim 
wherein  the  phase  velocities  of  the  split  anode  (3) 
and  the  modulation  means  (14)  are  matched.  55 

10.  A  device  as  claimed  in  any  preceding  claim 
wherein  the  output  signal  is  arranged  to  propa- 
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