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Description 

Technical  Field 

This  invention  relates  to  an  annular  slot  antenna 
and,  more  particularly,  to  a  directional,  annular  slot 
antenna  with  broad  bandwidth  and  high  gain  using  a 
corporate  feed  and  adaptable  for  circular  polarization. 

Background  Art 

Slot  array  antennas  have  been  disclosed  in  a 
number  of  prior  patents.  U.S.  Patent  No.  2,433,924, 
for  example,  discloses  an  antenna  adapted  to  provide 
non-directional  radiation  in  a  horizontal  plane. 

U.S.  Patent  No.  2,570,824  discloses  a  slot  anten- 
na  intended  to  be  flat  for  airborne  use  and  have  a 
band  width  of  several  percent  through  the  provision 
of  a  plurality  of  slots  fed  by  a  resonant  cavity.  U.S.  Pa- 
tent  No.  2,589,664  also  discloses  a  wide  band  air- 
borne  antenna  having  a  plurality  of  slots  and  de- 
signed  to  be  incorporated  into  an  aircraft  without  pro- 
truding  surfaces.  Thus,  a  structural  member  of  the 
aircraft,  such  as  a  vertical  stabilizer,  is  provided  with 
slots  on  opposite  sides  of  the  stabilizer,  covered  with 
dielectric  material,  and  fed  from  a  single  T-shaped 
cavity  so  that  the  radiated  patterns  of  each  of  the 
slots  are  in  phase  in  the  fore  and  aft  directions  of  the 
aircraft  and  radiate  horizontally  polarized  energy. 

U.S.  Patent  No.  2,628,311  discloses  a  broad- 
band,  multiple-slot  antenna  system  having  a  plurality 
of  slots  spaced  apart  by  a  distance  that  is  small  with 
respect  to  the  wavelength  and  fed  by  resonant  cham- 
bers  to  provide  a  substantially  uniform  current  distrib- 
ution  over  the  outer  surface  of  the  antenna  structure. 
The  multi-slot  antenna  can  be  either  a  planar  or  cyl- 
indrical  array  of  slots. 

U.S.  Patent  No.  2,981,949  discloses  an  antenna 
intended  primarily  for  airborne  application  provided 
with  a  plurality  of  center-fed,  radially  expanding,  wa- 
veguide  portions  to  project  energy  radially  outwardly 
from  the  center  so  that  the  energy  may  leak  through 
annular  slots  in  the  walls  of  each  of  the  radially  ex- 
panding  waveguide  sections  to  provide  an  omnidirec- 
tional  or  toroidal  beam  expanding  in  the  horizontal  di- 
rection.  By  progressively  feeding  adjacent  sectoral 
waveguides,  a  sectoral  beam  may  be  created  and 
swept  or  scanned  about  in  the  horizontal  plane  about 
the  vertical  axis  of  the  antenna. 

U.S.  Patent  No.  4,647,940  discloses  a  parallel 
waveguide,  microwave  antenna  that  may  be  inexpen- 
sively  manufactured  and  reliably  used  even  though 
exposed  to  the  elements.  The  antenna  is  comprised 
of  a  pair  of  plates  of  dielectric  material,  preferably 
glass,  spaced  apart  and  separated  by  air,  inert  gas  or 
vacuum,  preferably  air,  with  one  of  the  plates  having 
a  metallized  surface  to  provide  a  ground  plane  and 
the  other  plate  having  a  metallized  surface  defining 

a  series  of  waveguide  slots  or  apertures  arranged 
and  configured  to  provide  a  radiated  beam  having  de- 
sired  polarization  beam,  with  beam  characteristics 
and  parameters  as  desired.  The  metallized  portions 

5  of  the  two  plates  are  arranged  to  face  each  other  and 
define  the  enclosed  airspace,  and  the  two  plates  her- 
metically  are  sealed  at  the  edges  and  fed  by  a  central 
coaxial  cable  so  that  energy  introduced  to  the  anten- 
na  structure  from  the  central  waveguide  propagates 

10  outwardly  in  the  enclosed  air  dielectric  as  expanding 
circles  and  escapes  to  free  space  by  radiation  at  the 
plurality  of  slots  or  apertures. 

U.S.  Patent  No.  4,633,262  discloses  a  TV  re- 
ceive-only  antenna  of  the  type  disclosed  in  U.S.  Pa- 

rs  tent  No.  4,647,940  that  may  be  inexpensively  manu- 
factured  and  reliably  used  outdoors.  The  TV  receive- 
only  antenna  is  comprised  of  a  first  glass  plate  having 
a  metallized  surface  and  a  second  glass  plate  having 
a  metallized  circuit  pattern  designed  to  receive  a  pla- 

20  nar  wave  as,  for  example,  from  a  geostationary  equi- 
torial  satellite.  The  glass  plates  are  arranged  with 
their  metallized  surfaces  facing  each  other  and 
spaced  from  each  other  to  define  an  air  space  be- 
tween  the  circuit  pattern  and  ground  plane  and  sealed 

25  at  the  edge  to  protect  the  metallized  surfaces  from 
the  environment. 

U.S.  Patent  No.  4,825,221  discloses  a  dielectric 
transmission  line  for  transmitting  electromagnetic 
waves  radiated  from  one  end  portion  thereof  into  sur- 

30  rounding  space  by  providing  an  end  portion  of  the  di- 
electric  line  contoured  to  a  configuration  required  for 
emitting  electromagnetic  waves  in  the  form  of  prede- 
termined  wave  front.  In  accordance  with  this  patent, 
the  dielectric  line  may  have  a  plurality  of  end  config- 

35  urations,  including  a  convex  face,  a  concave  face,  a 
conical  end,  and  a  flat  end;  and  the  end  portion  of  the 
dielectric  line  may  be  provided  with  varying  dielectric 
constants  to  shape  the  wave  emitted  from  the  end  of 
the  dielectric. 

40  U.S.  Patent  No.  2,834,959  discloses  a  slot-type 
antenna  comprising  radiating  slots  formed  from  sepa- 
rated  cavities  that  are  electromagnetically  coupled. 

EP-A-0  278  070  relates  to  a  circular  microstrip 
antenna  comprising  a  circular  conductive  radiating 

45  element  and  at  least  one  parasitic  element  coupled 
therewith. 

Notwithstanding  the  prior  development  efforts 
represented  by  the  patents  above,  a  need  still  exists 
for  an  efficient,  broadband  antenna  with  unidirection- 

50  al  sensitivity,  especially  an  antenna  having  a  single- 
feed  means,  that  may  be  inexpensively  manufactured 
and  adapted  to  receive  communications  from  satellite 
transponders. 

55  Disclosure  of  Invention 

This  invention  provides  an  inexpensive,  efficient, 
broadband,  slot-type  antenna  with  unidirectional  sen- 
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sitivity,  according  to  claim  1.  In  the  antenna,  a  slot- 
forming  means  defines  a  plurality  of  substantially 
concentric  and  generally  coplanar  annular  slots;  and 
a  non-resonant  antenna  connection  means,  or  anten- 
na  feed  means,  transmits  electromagnetic  energy  to 
and  from  the  plurality  of  annular  slots.  The  antenna 
feed  means  can  have  a  "corporate  feed"  form.  The  an- 
tenna  connection  means  forms  a  plurality  of  non-res- 
onant  radial-extending  cavities  that  are  adapted  to 
combine  electromagnetic  energy  received  at  the  plur- 
ality  of  concentric,  annularslots  substantially  in  phase 
and  to  divide  electromagnetic  energy  between  the 
plurality  of  concentric,  annular  slots  for  transmission 
from  the  slots  generally  in  phase  and  along  the  cen- 
tral  slot  axis  that  lies  perpendicular  to  the  plurality  of 
concentric,  annular  slots.  The  cavity-forming  means 
of  the  antenna  connection  means  interconnects  the 
plurality  of  annular  slots  with  a  connector  for  electro- 
magnetic  energy. 

In  preferred  embodiments  of  the  antenna  of  this 
invention,  a  plurality  of  polarizing  antenna  elements  is 
carried  by  the  slot-forming  means  adjacent  at  least 
one  or  two  of  the  substantially  concentric,  annular 
slots  to  enhance  uniformity  of  polarization  and  the 
unidirectional  sensitivity  of  the  antenna.  Such  a  plur- 
ality  of  polarizers  may  be  carried  by  the  slot-forming 
means  in  a  plurality  of  locations  spaced  above  and 
over  at  least  one  or  more  of  the  concentric  annular 
slots  and  distributed  around  their  peripheries  at  loca- 
tions  to  suppress  cross  polarization  to  and  from  the 
antenna.  Such  antenna  elements  may  be  a  plurality 
of  short  elongated  conductors  having  lengths  less 
than  about  one-half  wavelength  of  the  center  fre- 
quency  of  operation  of  the  antenna  and  carried  over 
the  one  or  more  slots  at  a  distance  less  than  about 
one-quarter  of  the  wavelength  of  the  center  frequen- 
cy  of  operation  of  the  antenna.  To  provide  consistent 
polarization  of  the  electromagnetic  energy  at  the 
slots,  the  polarizers  may  cross  the  slots  at  an  acute 
angle.  The  antenna  and  antenna  connection  means 
may  be  adapted  to  send  and  receive  electromagnetic 
radiation  with  circular  polarization. 

Brief  Description  of  Drawings 

Fig.  1  is  a  perspective  view  of  an  antenna  of  this 
invention  broken  away  to  show  a  cross  section  at 
a  plane  through  the  geometric  center  of  the  an- 
tenna; 
Fig.  1  A  is  a  cross-sectional  view  of  another  em- 
bodiment  of  the  antenna  of  Fig.  1  ; 
Fig.  2  is  a  upper  plane  view  of  another  antenna 
of  this  invention; 
Fig.  3  is  a  cross  sectional  view  of  the  antenna  of 
Fig.  2  at  a  plane  through  the  geometric  center  or 
axis  of  rotation  of  the  antenna; 
Fig.  4  is  an  H-plane,  linear  pattern  of  the  propa- 
gation  characteristic  of  the  antenna  of  Figs.  2  and 

3; 
Fig.  5  is  an  E-plane  linear  pattern  of  the  propaga- 
tion  characteristic  of  the  antenna  of  Figs.  2and  3; 

5  Fig.  6  is  an  illustration  of  another  antenna  of  this 
invention  having  a  plurality  of  polarizers  to  sup- 
press  cross  polarization  and  enhance  the  unidir- 
ectional  propagation  of  the  antenna;  and 
Fig.  7  is  a  spinning  linear  pattern  of  a  circular,  po- 

10  larized  array  of  the  antenna  of  Figs.  2  and  3. 

Best  Mode  for  Carrying  Out  the  Invention 

Fig.  1  illustrates  a  simple  embodiment  of  an  an- 
15  tenna  10  of  this  invention.  As  shown  in  Fig.  1,  the  an- 

tenna  of  this  invention  includes  a  slot-forming  means 
11,  defining  a  plurality  (e.g.,  two)  of  concentric,  gen- 
erally  coplanar,  annular  slots  12,  13.  The  width  of 
slots  12,  13  is  not  critical  and  is  generally  less  than 

20  one-quarter  of  the  wavelength  of  the  frequency  at  the 
center  of  the  operating  band  width  of  the  antenna. 
The  slot-forming  means  comprising  portions  11a, 
11b,  and  11c  is  generally  coplanar,  although  it  is  not 
necessary  that  portions  11a,  11b,  and  11clie  in  exact- 

25  ly  the  same  plane.  The  radial  distance  between  the 
concentric  annular  slots  12  and  13  in  the  embodiment 
of  Fig.  1  equals  the  width  of  portion  11b  of  slot- 
forming  means  11.  Preferably,  the  radial  distance  be- 
tween  slots  12  and  13  is  between  one-half  wave- 

30  length  and  one  wavelength  of  the  frequency  at  the 
center  of  the  bandwidth  of  operating  frequencies  of 
antenna  10  to  suppress  grating  lobes.  The  maximum 
distance  "d"  between  slots  for  grating  lobe  suppres- 
sion  is  given  by  the  formula: 

where 
n  =  the  number  of  slots; 

40  9  =  the  beam  angle  from  broadside;  and 
X  =  wavelength  at  desired  frequency. 
For  example,  for  a  four-slot  antenna  with  the  beam 

steered  to  broadside  (i.e.,  9  =  0),  d  =   ̂ X  or 
45  1 + 0  

0.875  wavelengths.  Larger  spacings  should  not  affect 
the  impedence  match  of  the  antenna;  however,  grat- 
ing  lobes  will  occur  in  the  radiation  pattern  near  the 
horizon.  Hereafter,  where  reference  is  made  to  wave- 

so  lengths  and  frequencies,  it  is  to  be  understood  that 
such  a  reference  is  to  the  frequency  at  the  center  of 
the  operating  bandwidth  of  the  antennas  of  this  in- 
vention.  It  should  be  noted  that  antennas  of  the  inven- 
tion  have  effective  bandwidths  on  the  order  of  one  oc- 

55  tave  or  more. 
Antenna  10  also  includes  an  antenna  connection 

means  20  for  transmitting  electromagnetic  energy  to 
and  from  the  plurality  of  concentric,  annularslots.  As 
shown  in  Fig.  1,  connection  means  20  defines  a  plur- 
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ality  of  non-resonant  radially  extending  cavities  21 
and  22  that  are  adapted  to  combine  electromagnetic 
energy  received  from  concentric,  annularslots  12  and 
13  and  to  divide  electromagnetic  energy  supplied  to 
antenna  10  by  connection  means  23  between  con- 
centric,  annularslots  12  and  13.  As  shown  and  descri- 
bed,  antenna  connection  means  20  is  adapted  to 
combine  electromagnetic  energy  from  slots  12  and  13 
generally  in  phase  for  reception  by  connection  means 
23  and  divides  electromagnetic  energy  provided  from 
connections  means  23  so  that  it  is  propagated  in 
phase,  as  indicated  in  Fig.  1.  Such  antenna  feed 
means  as  are  shown  in  Figs.  1  (and  in  Figs.  1Aand 
3)  have  a  form  that  may  be  referred  to  as  a  "corporate 
feed". 

Thus,  antenna  connection  means  20  provides  a 
non-resonant  cavity-forming  means  interconnecting 
slots  12  and  13  with  connection  23.  As  shown  in  Fig. 
1  ,  antenna  connections  means  20  forms  a  lower,  cir- 
cular  cavity  21  extending  radially  from  connection  23 
toa  peripheral  annular  opening  24.  An  upper  cavity  22 
is  annular  and  expands  radially  outwardly  from  a  per- 
ipheral,  annular  opening  24  to  terminate  at  outer  an- 
nular  slot  12.  Upper  annular  cavity  22  also  contracts 
radially  inwardly  from  the  peripheral,  annular  opening 
24  and  terminates  at  innermost  annular  slot  13  as 
shown  in  Fig.  1  .  An  annular  power  divider  25  may  be 
carried  by  slot-forming  means  11  (see  portion  11b  of 
slot-forming  means  11)  within  upper  annular  cavity  22 
adjacent  peripheral,  annular  opening  24  between  up- 
per  annular  cavity  22  and  lower  circular  cavity  21  . 

In  the  embodiment  of  Fig.  1  ,  the  height  of  the  low- 
er  cavity  is  about  one-half  wavelength;  and  the  height 
of  the  upper  cavity  is  about  one-quarter  wavelength. 
It  should  be  noted,  however,  that  the  height  of  an  in- 
ner,  annular  cavity  portion  22a  and  the  height  of  an 
outer  annular  cavity  portion  22b  may  be  different  as 
shown  in  Fig.  1A.  For  example,  by  making  the  height 
of  the  inner  annular  cavity  portion  22a  between  per- 
ipheral,  annular  opening  24  and  innermost  annular 
slot  13  less  than  the  height  of  outer  cavity  portion  22b 
between  the  peripheral  annular  opening  24  and  outer 
annular  slot  12,  as  is  shown  in  Fig.  1A,  the  electro- 
magnetic  energy  may  be  divided  by  the  antenna  con- 
nection  means  to  provide  a  uniform  power  density 
both  around  the  periphery  of  innermost  slot  13  and 
around  the  longer  periphery  of  outermost  annular  slot 
12. 

It  should  be  understood  that  connection  means 
23  may  be  any  connection  means  known  in  the  art; 
for  example,  connection  means  23  may  be  a  wave- 
guide  that  opens  into  lower  cavity  21,  preferably  co- 
axially  at  the  center  of  antenna  10  as  shown  in  Fig.  1. 
Connection  means  23  may  be,  as  shown  in  Fig.  3,  a 
plurality  of  phased  stub  feeders  located  centrally  in 
antenna  connection  means  20.  Connection  means  23 
may  be  and  is  preferably,  adapted  to  transmit  and  re- 
ceive  an  electromagnetic  energy  with  circular  polari- 

zation.  The  antenna  connection  means  20  of  antenna 
10  is  also  preferably  operated  in  the  TEM  mode. 

Figs.  2  and  3  show  another  embodiment  30  of  an 
5  antenna  of  this  invention.  Antenna  30  of  Figs.  2  and 

3  provides  slot-forming  means  31  that  defines  four 
slots  32,  33,  34,  and  35.  In  the  embodiment  of  Figs. 
2  and  3,  each  of  slots  32-35  can  be  separated  from 
the  adjacent  slot  by  a  radial  distance  calculated  as  set 

10  forth  above.  As  shown  in  Figs.  2  and  3,  for  example, 
each  of  the  sections  31a,  31b,  and  31c  has  a  radial 
width  equal  to  about  one-half  wavelength;  and  the  di- 
ameter  of  portion  31  d  of  slot-forming  means  31  is 
equal  to  about  one-half  wavelength. 

15  An  antenna  connection  means  40  of  antenna  30 
defines  a  plurality  of  cavities  41,  42,  43,  and  44.  Each 
of  the  cavities  41-44  extends  radially  within  the  an- 
tenna  connection  means  and  is  adapted  to  combine 
electromagnetic  energy  received  at  the  plurality  of 

20  concentric  annular  slots  substantially  in  phase  within 
the  antenna  connection  means  and  to  divide  outgoing 
electromagnetic  energy  between  the  plurality  of  an- 
nularslots  in  such  a  mannerthat  it  is  propagated  from 
the  plurality  of  annularslots  generally  in  phase  along 

25  the  central  axis  perpendicular  to  the  plane  of  the  plur- 
ality  of  annular  slots. 

As  shown  in  Fig.  3,  the  plurality  of  radially  extend- 
ing  cavities  includes  a  lower  circular  cavity  41  extend- 
ing  radially  from  connection  means  47  and  terminat- 

30  ing  in  a  peripheral,  annular  opening  48  which  commu- 
nicates  with  annular  cavity  42.  As  shown  in  Fig.  3,  an- 
nular  cavity  42  includes  an  inner,  annular  cavity  por- 
tion  42a  extending  from  peripheral,  annular  opening 
48  and  terminating  at  an  inner,  annular  opening  49. 

35  Annular  cavity  42  also  includes  an  outer,  annular  cav- 
ity  portion  42b  extending  from  peripheral,  annular 
opening  48  to  an  annular,  outer  opening  50.  Inner,  an- 
nular  opening  49  communicates  with  inner,  annular 
cavity  44;  and  outer,  annular  opening  50  communi- 

40  cates  with  outer,  annular  cavity  43  as  shown  in  Fig. 
3.  Electromagnetic  energy  thus  flows  between  con- 
nection  means  47  and  the  plurality  of  annularslots  32, 
33,  34,  and  35  by  travelling  through  the  intervening 
cavity  portions.  In  its  travel  between  the  plurality  of 

45  concentric,  annular  slots  32,  33,  34,  and  35  and  con- 
nection  means  47,  electromagnetic  energy  to  or  from 
slots  32  and  33  travels  through  outer,  annular  cavity 
43  and  is  divided  or  combined  in  phase  at  the  outer, 
annular  opening  50.  Electromagnetic  energy  to  or 

so  from  concentric,  annular  slots  34  and  35  travels 
through  inner,  annular  cavity  44  and  is  divided  or 
combined  in  phase  at  inner,  annular  opening  49.  The 
combined  energies  to  or  from  annularslots  32  and  33 
travel  through  outer,  annular  cavity  portion  42b  to  per- 

55  ipheral,  annular  opening  48;  and  the  combined  ener- 
gies  to  or  from  slots  34  and  35  travel  through  inner, 
annular  cavity  portion  42a  to  peripheral,  annular 
opening  48.  The  electromagnetic  energies  to  or  from 
slots  32,  33,  34,  and  35  are  divided,  or  combined,  in 

4 
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phase  at  peripheral,  annular  opening  48  and  travel 
through  cavity  41  to  connection  47.  Cavities  41-44 
are  non-resonant. 

As  shown  in  Fig.  3,  the  antenna  connection 
means  may  be  provided  with  a  plurality  of  annular 
power  splitters  51,  52,  and  53  located,  respectively, 
adjacent  peripheral,  annular  opening  48;  inner,  annu- 
lar  opening  49;  and  outer,  annular  opening  50  to  assist 
the  division  of  electromagnetic  energy  at  openings 
48,  49,  and  50  within  cavities  42,  43,  and  44,  respec- 
tively. 

In  some  embodiments,  the  height  of  the  lower  cir- 
cular  cavity  41  is  about  one-half  wavelength.  The 
height  of  annular  cavity  42  is  about  one-quarter  wa- 
velength;  and  the  height  of  outer,  annular  cavity  43 
and  inner,  annular  cavity  44  are  about  one-eight  wa- 
velength.  As  set  forth  above,  the  heights  of  the  inner 
and  outer  annular  portions  of  each  of  annular  cavities 
42,  43,  and  44  may  be  adjusted  to  distribute  the  power 
among  slots  32,  33,  34,  and  35  in  such  a  manner  that 
the  power  density  around  the  periphery  of  all  of  the 
slots  is  substantially  equal.  The  heights  of  the  respec- 
tive  cavities  may  be  adjusted  to  achieve  other  desired 
power  amplitude  distributions  between  and  around 
the  annular  slots,  for  example,  a  distribution  to  pro- 
vide  low  side  lobes. 

As  shown  in  Fig.  3,  connection  means  47  com- 
prises  a  plurality  of  coaxial  connectors  located  cen- 
trally  within  chamber  41.  The  plurality  of  connectors 
47a  and  47b  comprising  connection  47  may  be  driven 
in  a  phase  relationship  to  provide  electromagnetic  en- 
ergy  at  the  periphery  of  slots  32,  33,  34,  and  35  which 
is  generally  in  phase.  In  addition,  connection  means 
47  may  be  driven  to  provide  circular  polarization  to  the 
electromagnetic  energy  radiated  from  the  antenna 
and  may  receive  circularly  polarized  electromagnetic 
energy. 

The  antenna  of  Figs.  2  and  3  provides  an  effi- 
cient,  substantially  unidirectional  antenna.  Fig.  4 
shows  the  H-plane,  linear  pattern  that  is  typical  of  the 
antenna  of  Figs.  2  and  3  driven  in  the  TEM  mode  from 
connection  47;  and  Fig.  5  shows  the  corresponding 
typical  E-plane  linear  pattern  of  the  antenna.  As  noted 
from  Figs.  4  and  5,  the  antenna  has  substantial  uni- 
directional  characteristics.  The  zero  degree  axes  of 
Figs.  4  and  5  corresponds  to  an  axis  through  the  cen- 
ter  of  the  antenna  (that  is,  the  central  axis  of  the  con- 
centric,  annular  slots  32,  33,  34,  and  35)  perpendicu- 
lar  to  the  plane  in  which  they  generally  lie. 

While  the  antennas  shown  in  Figs.  1-3  are  capa- 
ble  of  transmitting  electromagnetic  energy  which  is 
generally  in  phase  at  the  periphery  of  each  of  the  plur- 
ality  of  concentric  annular  slots  and  are  capable  of  ef- 
ficiently  combining  received  energy  generally  in 
phase  within  the  antenna  connection  means,  it  is  pre- 
ferable  to  provide  the  antennas  with  a  plurality  of  an- 
tenna  elements  carried  by  the  slot-forming  means  ad- 
jacent  one  or  more  of  the  plurality  of  concentric,  an- 

nular  slots  to  correct  for  small  polarity  differences 
around  the  periphery  of  the  plurality  of  annular  slots 
to  suppress  cross-polarized  energy  and  to  enhance 

5  the  unidirectional  sensitivity  of  the  antenna.  As 
shown  by  Fig.  6,  the  plurality  of  antenna  elements  60 
is  carried  by  the  slot-forming  means  61  in  a  plurality 
of  locations  at  least  above  and  over,  for  example,  two 
concentric,  annular  slots  62  and  63.  The  plurality  of 

10  antenna  elements  is  distributed  around  the  peripher- 
ies  of  the  two  concentric,  annular  slots  to  correct  for 
deviations  in  polarity  of  the  energy  about  the  periph- 
ery  of  the  slots  and  to  suppress  cross  polarization. 
Such  antenna  elements  may  be  short,  elongated  con- 

15  ductors  having  a  length  less  than  one-half  of  a  wave- 
length.  Such  antenna  elements  may  be  carried  above 
the  slots  a  distance  less  than  about  one-quarter  wa- 
velength.  As  shown  in  Fig.  6,  the  antenna  elements 
60  may  be  located  to  lie  across  the  concentric,  annu- 

20  lar  slots  62,  63  at  various  acute  angles  to  effect  cor- 
rection  of  the  polarization  of  the  electromagnetic  en- 
ergy  at  those  portions  of  the  concentric  annular  slots. 

Antennas  of  this  invention  may  be  inexpensively 
manufactured  by  a  number  of  means.  For  example, 

25  the  slot-forming  means  may  be  formed  from  inexpen- 
sive,  printed  circuit  board  material,  such  as  a  dielec- 
tric  substrate,  copper  clad  on  both  surfaces,  which 
has  been  photoetched  to  define  a  plurality  of  concen- 
tric  annular  slots  on  one  surface  and  a  plurality  of  an- 

30  tenna  elements  on  the  other  surface  located  to  cor- 
rect  polarization  of  energy  from  the  plurality  of  con- 
centric,  annular  slots  and  to  suppress  cross  polariza- 
tion  and  increase  the  unidirectional  sensitivity  of  the 
antenna.  Such  a  substrate  may  or  may  not  be  punch- 

35  ed  to  define  the  slots.  The  antenna  connection  means 
may  also  be  manufactured  by  microstrip  techniques 
to  provide  a  durable  antenna  that  can  be  inexpensive- 
ly  manufactured  and  capable  of  efficient  reception  of 
electromagnetic  energy  from  satellites  and  other 

40  household  and  commercial  applications  where  ex- 
pense  is  a  factor. 

In  addition,  the  antenna  and  antenna  connection 
means  may  be  stamped  from  thin  sheet  metal,  may 
be  cast,  or  may  be  metallized  molded  plastic,  or  other 

45  such  inexpensive  manufacturing  methods.  Such 
manufacturing  methods  may  be  used  to  make  a  broad 
band,  slot-type  antenna  with  unidirectional  sensitivi- 
ty,  comprising  slot-forming  means  defining  one  or 
more  annular  slots  and  an  annular  corporate  feed  for 

so  transmitting  electromagnetic  energy  to  and  from  the 
one  or  more  annular  slots. 

For  example,  the  antenna  of  Fig.  1  can  be  made 
with  a  plurality  of  conductive  plates,  which  may  be  in- 
expensive  sheet  metal  such  as  tinplate.  As  shown  in 

55  Fig.  1,  such  an  embodiment  of  the  antenna  may  in- 
clude  a  circular,  metallic,  ground  plane  26  having  a 
base  26a  and  an  extension,  including  portion  11a  of 
slot-forming  means  11,  a  terrace  26b,  and  sloping 
sidewall  portions  26c  and  26d.  Afirst  circular,  metallic 

5 
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plate  27  may  be  disposed  parallel  to  and  spaced  from 
26a  of  the  ground  plane  to  provide  peripheral,  annular 
opening  24  as  an  annular  feeding  slot  between  the 
periphery  of  first  circular  plate  27  and  the  extension 
portion  11a.  First  circular  plate  27  can  have  a  raised 
section  disposed  centrally  thereon  to  define  portion 
11c  of  slot-forming  means  11.  A  second  annular,  met- 
allic  plate  11b  can  be  disposed  parallel  to  and  spaced 
from  both  first  circular  plate  27  and  terrace  portion 
26b  of  the  circular  ground  plane.  The  inner  peripheral 
edge  of  second  annular  plate  11b  and  raised  portion 
11c  of  first  circular  plate  27,  as  shown  in  Fig.  1,  can 
provide  inner  annular  slot  13  and  the  outer  peripheral 
edge  of  second  annular  slot  11b,  and  extension  11a 
can  provide  an  outer  annular  slot  12. 

Claims 

1.  A  broadband,  slot-type  antenna  (10)  comprising: 
slot-forming  means  (11;  31)  defining  a 

plurality  of  substantially  concentric  and  coplanar, 
annular  slots  (12,13;  32-35);  and 

antenna  connection  means  for  transmit- 
ting  electromagnetic  energy  to  and  from  the  plur- 
ality  of  concentric,  annularslots,  characterized  by 

said  antenna  connection  means  defining  a 
plurality  of  radially  extending  cavities  (21,22;  41- 
43)  adapted  to  combine  electromagnetic  energy 
received  at  said  plurality  of  concentric  annular 
slots  substantially  in  phase  and  to  divide  electro- 
magnetic  energy  between  said  concentric,  annu- 
larslots  for  transmission  from  said  slots  generally 
in  phase  along  a  central  axis  perpendicular  to  the 
plane  of  the  plurality  of  annular  slots  so  that  said 
antenna  has  unidirectional  sensitivity. 

2.  The  antenna  of  claim  1  wherein  the  cavities  of  the 
antenna  connection  means  are  non-resonant. 

3.  The  antenna  of  claim  1  or  2  wherein  the  frequen- 
cy  bandwidth  is  one  octave  or  more. 

4.  The  antenna  of  any  of  claims  1-3  wherein  power 
splitters  (25;  51-53)  are  positioned  between  said 
radially  extending  cavities  to  assist  the  combina- 
tion  and  division  of  electromagnetic  energy  there- 
between. 

5.  The  antenna  of  any  of  claims  1-4  wherein  the 
plurality  of  cavities  of  said  antenna  connection 
means  (20;  40)  are  adapted  for  uniform  electro- 
magnetic  power  density  around  the  pheripheries 
of  the  plurality  of  substantially  concentric,  annu- 
larslots  by  unequal  power  division  in  the  plurality 
of  cavities. 

6.  The  antenna  of  any  of  claims  1-5  wherein  por- 

tions  of  said  radially  extending  cavities  (21,22;41- 
43)  have  different  heights. 

5  7.  The  antenna  of  any  of  claims  1-6  wherein  said  an- 
tenna  connection  means  operates  in  the  TEM 
mode. 

8.  The  antenna  of  any  of  claims  1-7  wherein  said 
10  slot-forming  means  (11,31)  and  said  plurality  of 

antenna  elements  are  formed  by  microstrip-man- 
ufacturing  methods. 

9.  The  antenna  of  any  of  claims  1  -8  wherein  said  an- 
15  tenna  connection  means  (20;40)  is  formed  by  mi- 

crostrip-manufacturing  means. 

10.  The  antenna  of  any  of  claims  1-9  wherein  said  an- 
tenna  connection  means  is  adapted  to  send  and 

20  receive  electromagnetic  energy  to  said  plurality 
of  concentric,  annular  slots  with  circular  polariza- 
tion. 

11.  The  antenna  of  any  of  claims  1-10  wherein  the 
25  distance  between  each  adjacent  pair  of  the  plur- 

ality  of  annular  slots  is  determined  by  the  formu- 
la: 

d  =  {1  -  [V(2n)]}X 
where 

30  n  equals  the  number  of  annular  slots,  and 
X  equals  the  wavelength  at  the  center  of 

the  operating  bandwidth  of  the  antenna. 

35  Patentanspruche 

1.  Breitbandantenne  (10)  der  Schlitzbauart,  die  fol- 
gendes  aufweist: 
Schlitzbildungsmittel  (11;  31),  die  eine  Vielzahl 

40  von  im  wesentlichen  konzentrischen  und  kopla- 
naren  ringformigen  Schlitzen  (12,  13;  32-35)  de- 
finieren;  und 
Antennenverbindungsmittel  zum  Ubertragen 
elektromagnetischer  Energie  zu  und  von  der  Viel- 

45  zahl  der  konzentrischen,  ringformigen  Schlitze, 
dadurch  gekennzeichnet,  dali  die  Antennenver- 
bindungsmittel  eine  Vielzahl  von  sich  radial  er- 
streckenden  Hohlraumen  (21,  22;  41-43)  definie- 
ren,  die  in  der  Lage  sind,  elektromagnetische 

so  Energie,  die  an  der  Vielzahl  von  konzentrischen, 
ringformigen  Schlitzen  empfangen  wurde  im  we- 
sentlichen  in  Phase  zu  kombinieren  und  die  elek- 
tromagnetische  Energie  zwischen  den  konzentri- 
schen,  ringformigen  Schlitzen  aufzuteilen  zur 

55  Ubertragung  von  den  Schlitzen  und  zwar  im  All- 
gemeinen  in  Phase  entlang  einer  Mittelachse,  die 
senkrecht  zu  der  Ebene  der  Vielzahl  der  ringfor- 
migen  Schlitze  steht,  so  dali  die  Antenne  eine 
unidirektionale  Empfindlichkeit  besitzt. 

6 
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2.  Antenne  nach  Anspruch  1,  wobei  die  Hohlraume 
der  Antennenverbindungmittel  nicht  resonant 
sind. 

3.  Antenne  nach  Anspruch  1  oder2,  wobei  die  Fre- 
quenzbandbreite  eine  Oktave  oder  mehr  ist. 

4.  Antenne  nach  einem  der  Anspruche  1-3,  wobei 
Leistungsteiler  (25,  51-53)  zwischen  den  sich  ra- 
dial  erstreckenden  Hohlraumen  positioniertsind, 
um  die  Kombination  und  die  Aufteilung  der  elek- 
tromagnetischen  Energie  dazwischen  zu  unter- 
stutzten. 

5.  Antenne  nach  einem  der  Anspruche  1-4,  wobei  die 
Vielzahl  von  Raumen  der  Antennenverbindung- 
mittel  (20;  40)  angepasst  sind,  fur  eine  uniforme 
odergleichformige  elektromagnetische  Leistung- 
sdichte,  um  die  Umfange  der  Vielzahl  von  im  we- 
sentlichen  konzentrischen,  ringformigen  Schlit- 
zen,  und  zwar  durch  eine  ungleiche  Leistungs- 
aufteilung  in  der  Vielzahl  von  Hohlraumen. 

6.  Antenne  nach  einem  der  Anspruche  1-5,  wobei 
die  Teile  dersich  radial  erstreckenden  Hohlraume 
(21,  22;  41-43)  unterschiedliche  Hohen  besitzen. 

7.  Antenne  nach  einem  der  Anspruche  1-6,  wobei 
die  Antennenverbindungsmittel  im  TEM-Modus 
arbeiten. 

8.  Antenne  nach  einem  der  Anspruche  1-7,  wobei 
die  Schlitzbildungsmittel  (11,  31)  und  die  Vielzahl 
von  Antennenelmenten  gebildet  wird  durch  Mi- 
crostrip-Herstellungsverfahren. 

9.  Antenne  nach  einem  der  Anspruche  1-8,  wobei 
die  Antennenverbindungsmittel  (20;  40)  durch  Mi- 
crostrip-Herstellungsmittel  gebildet  werden. 

10.  Antenne  nach  einem  der  Anspruche  1-9,  wobei 
die  Antennenverbindungsmittel  in  der  Lage  sind, 
elektromagnetische  Energie  mit  kreisformiger 
Polarisation  zu  senden  und  zu  empfangen  von 
der  Vielzahl  von  konzentrischen  ringformigen 
Schlitzen. 

11.  Antenne  nach  einem  der  Anspruche  1-10,  wobei 
derAbstand  zwischen  jedem  benachbarten  Paar 
der  Vielzahl  von  ringformigen  Schlitzen  bestimmt 
wird  durch  die  Formel: 

d  =  {1  -  [1/(2n)]J  *  X 
wobei  n  gleich  der  Anzahl  der  ringformigen  Schlit- 
ze,  und  wobei  X  gleich  die  Wellenlange  in  der  Mit- 
te  der  Betriebsbandbreite  der  Antenne  ist. 

Revendications 

1.  Antenne  a  large  bande  du  type  a  fentes  (10), 
5  comprenant  : 

un  dispositif  (11  ;  31)  destine  a  former  des 
fentes  et  delimitant  plusieurs  fentes  annulaires 
coplanaires  et  sensiblement  concentriques  (12, 
13  ;  32-35),  et 

10  un  dispositif  de  connexion  d'antenne  des- 
tine  a  transmettre  de  I'energie  electrique  vers  les 
fentes  annulaires  concentriques  et  a  partirde  cel- 
les-ci,  caracterisee  en  ce  que 

le  dispositif  de  connexion  d'antenne  deli- 
15  mite  plusieurs  cavites  (21,  22  ;  41-43)  disposees 

radialement,  destinees  a  combiner  I'energie  elec- 
tromagnetique  recue  par  les  fentes  annulaires 
concentriques  pratiquementen  phase  eta  diviser 
I'energie  electromagnetique  entre  les  fentes  an- 

20  nulaires  concentriques  af  in  qu'elle  soit  transmise 
par  les  fentes  en  phase  de  facon  generale  le  long 
d'un  axe  central  perpend  iculaire  au  plan  des  fen- 
tes  annulaires,  si  bien  que  I'antenne  a  une  sensi- 
bilite  unidirectionnelle. 

25 
2.  Antenne  selon  la  revendication  1,  dans  laquelle 

les  cavites  du  dispositif  de  connexion  d'antenne 
ne  sont  pas  a  la  resonance. 

30  3.  Antenne  selon  la  revendication  1  ou  2,  dans  la- 
quelle  la  largeur  de  bande  en  frequence  corres- 
pond  a  un  octave  ou  plus. 

4.  Antenne  selon  I'une  des  revendications  1  a  3, 
35  dans  laquelle  les  repartiteurs  d'energie  (25  ;  51- 

53)  sont  places  entre  les  cavites  disposees  radia- 
lement  af  in  qu'ils  facilitent  la  combinaison  et  la  di- 
vision  de  I'energie  electromagnetique  entre  elles. 

40  5.  Antenne  selon  I'une  quelconque  des  revendica- 
tions  1  a  4,  dans  laquelle  les  cavites  du  dispositif 
(20  ;  40)  de  connexion  d'antenne  sont  destinees 
a  donner  une  densite  uniforme  d'energie  electro- 
magnetique  aux  peripheries  des  fentes  annulai- 

45  res  sensiblement  concentriques  par  division  ine- 
gale  d'energie  dans  les  cavites. 

6.  Antenne  selon  I'une  des  revendications  1  a  5, 
dans  laquelle  des  parties  des  cavites  disposees 

so  radialement  (21  ,  22  ;  41-43)  ont  des  hauteurs  dif- 
ferentes. 

7.  Antenne  selon  I'une  quelconque  des  revendica- 
tions  1  a  6,  dans  laquelle  le  dispositif  de 

55  connexion  d'antenne  travaille  en  mode  TEM. 

8.  Antenne  selon  I'une  des  revendications  1  a  7, 
dans  laquelle  le  dispositif  (1  1  ,  31  )  de  formation  de 
fentes  et  les  elements  d'antenne  sont  formes  par 
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des  precedes  de  fabrication  de  microbandes  pla- 
tes. 

9.  Antenne  selon  I'une  des  revendications  1  a  8,  5 
dans  laquelle  le  dispositif  (20  ;  40)  de  connexion 
d'antenne  est  forme  par  un  dispositif  de  fabrica- 
tion  de  microbandes  plates. 

10.  Antenne  selon  I'une  des  revendications  1  a  9,  10 
dans  laquelle  le  dispositif  de  connexion  d'anten- 
ne  est  destine  a  transmettre  et  recevoir  de  I'ener- 
gie  electromagnetique  echangee  avec  les  fentes 
annulaires  concentriques  avec  une  polarisation 
circulaire.  15 

11.  Antenne  selon  I'une  quelconque  des  revendica- 
tions  1  a  10,  dans  laquelle  la  distance  comprise 
entre  les  fentes  de  chaque  paire  de  fentes  adja- 
centes  parmi  les  fentes  annulaires  est  determi-  20 
nee  par  la  formule 

d  =  {1  -  [1/(2n)]H 
n  etant  egal  au  nombre  de  fentes  annulaires,  et 
etant  la  longueur  d'onde  au  centre  de  la  largeur 
de  bande  de  travail  de  I'antenne.  25 
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