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(54)  Patch  antenna  assembly. 

(57)  A  laminar  microstrip  patch  antenna  (23)  com- 
prises  a  ground  plane  element  (21)  located 
between  a  patch  radiator  and  a  transmission 
line  circuit  for  feeding  the  antenna.  The  ground 
plane  has  a  cross  aperture  (24)  formed  by  two 
intersecting  linear  slots  and  the  transmission 
line  circuit  has  two  linear  conductors  (27,28) 
intersecting  each  other  in  alignment  with  the 
centre  of  the  cross  aperture  and  the  two  linear 
conductors  are  electrically  insulated  from  each 
other  at  the  point  of  intersection. 
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The  invention  relates  to  a  patch  antenna  assem- 
bly  and  particularly  to  such  an  assembly  suitable  for 
use  in  a  vehicle  glazing  panel. 

Aperture  coupled  patch  antennae  are  known  for 
use  in  receiving  and  transmitting  high  frequency  sig-  5 
nals  such  as  microwave  signals.  These  are  particular- 
ly  suitable  for  mobile  satellite  communications  and 
are  applicable  to  communication  systems  in  mobile 
vehicles.  An  example  of  such  a  patch  antenna  is 
shown  in  US  Patent  No  5043738.  That  specification  10 
illustrates  an  aperture  coupled  antenna  and  systems 
of  this  type  are  particularly  applicable  to  use  on  a  ve- 
hicle  glazing  panel  as  it  may  avoid  obtrusive  protru- 
sions  outside  the  glass  surface.  No  electrically  con- 
ducting  connections  are  required  through  the  glass  of  15 
the  glazing  panel  and  in  a  preferred  arrangement  the 
patch  antenna  is  arranged  to  cause  only  minor  signal 
strength  degradation  with  rain  drops  or  water  on  the 
outside  of  the  vehicle  surface.  Such  systems  may  be 
used  to  transmit  or  receive  plane  polarised  radiation  20 
or  in  some  cases  circular  polarisation  may  be  prefer- 
red.  Circular  polarisation  is  particularly  suited  to  ve- 
hicle  communication  systems  in  that  they  are  less 
sensitive  to  vehicle  direction.  Various  proposals  have 
been  made  for  apertures  and  feed  lines  used  in  such  25 
coupling  systems.  In  US  Patent  No  5043738  there  is 
described  a  system  in  which  two  separated  apertures 
are  provided  in  a  ground  plane  so  as  to  provide  cou- 
pling  between  transmission  feed  circuit  members  and 
a  radiating  patch.  To  obtain  circular  polarisation  that  30 
specification  uses  two  laterally  separated  feed  mem- 
bers  having  their  end  regions  directed  at  right  angles 
to  each  other  so  that  each  intersects  the  line  of  its  re- 
spective  aperture  in  the  ground  plane.  However  such 
a  system  requiring  laterally  spaced  feed  conductors  35 
with  apertures  forming  separated  arms  of  an  L  shap- 
ed  configuration  does  not  provide  either  symmetrical 
or  strong  coupling  through  the  aperture  to  the  radiat- 
ing  patch. 

When  used  in  a  vehicle  glazing  panel  it  is  of  40 
course  necessary  that  the  dielectric  layer  between 
the  ground  plane  and  a  radiating  patch  will  be  formed 
of  glass  and  this  will  have  a  thickness  determined  by 
the  particular  glazing  requirements  of  the  vehicle. 
Due  to  the  high  dielectric  constant  of  glass  and  the  45 
relatively  large  separation  between  the  ground  plane 
and  the  radiating  patch  which  will  result  from  using 
typical  thickness  of  toughened  automotive  glass,  it  is 
important  to  achieve  an  effective  coupling  through 
the  aperture  between  the  transmission  feedline  cir-  50 
cuitry  and  the  radiating  patch. 

It  is  also  known  to  provide  crossing  feed  members 
which  are  aligned  with  a  cross  shaped  aperture  but  in 
an  arrangement  where  the  two  feed  members  make 
electrical  contact  with  each  other  at  their  cross-over  55 
point.  Such  a  system  does  not  provide  good  quality 
circular  polarisation  due  to  current  interchange  be- 
tween  the  feed  members  in  the  region  of  coupling 

with  the  aperture. 
It  is  important  to  use  a  feed  system  having  isolat- 

ed  current  paths  in  the  feed  system  in  the  region  of 
coupling  through  an  aperture  in  order  to  achieve  good 
quality  circular  polarisation  of  radiation  from  the 
patch. 

It  is  an  object  of  the  present  invention  to  provide 
an  antenna  system  having  improved  coupling  be- 
tween  a  transmission  line  circuit  and  a  radiating  patch 
through  an  aperture  in  a  ground  plane,  and  a  feed 
system  which  can  generate  high  quality  circular  polar- 
isation. 

It  is  a  further  object  of  the  invention  to  provide  an 
improved  antenna  system  suitable  for  use  in  a  vehicle 
glazing  panel. 

The  present  invention  provides  a  laminar  micro- 
strip  patch  antenna  comprising  a  ground  plane  ele- 
ment  having  opposing  first  and  second  faces,  a  first 
dielectric  planar  member  adjacent  a  first  face  of  the 
ground  plane  element,  a  patch  radiator  on  a  face  of 
the  first  dielectric  member  remote  from  said  ground 
element,  a  second  dielectric  planar  member  adjacent 
a  second  face  of  the  ground  plane  element,  and  a 
transmission  line  circuit  for  feeding  the  antenna  which 
circuit  is  located  on  a  face  of  the  second  dielectric 
member  remote  from  said  ground  plane  element,  said 
ground  plane  having  an  aperture  to  couple  the  trans- 
mission  line  circuit  to  the  patch  radiator,  which  aper- 
ture  comprises  a  cross  formed  by  two  linear  slots  in- 
tersecting  each  other,  and  said  transmission  line  cir- 
cuit  comprising  two  linear  conductors  intersecting 
each  other  so  that  one  extends  across  the  other  but 
electrically  insulated  from  each  other  at  the  point  of 
intersection,  the  intersection  of  said  linear  conductors 
being  aligned  with  the  centre  of  the  aperture  cross 
with  the  directions  of  the  linear  conductors  lying  be- 
tween  the  slots  of  the  aperture. 

Preferably  each  linear  conductor  has  an  open  cir- 
cuit  projection  beyond  a  slot  of  said  aperture  provid- 
ing  an  effective  short  circuit  to  said  ground  plane  ele- 
ment,  the  insulation  between  said  linear  conductors 
thereby  resulting  in  isolated  current  paths  in  said  lin- 
ear  conductors  each  of  which  current  paths  crosses 
the  aperture  and  leads  only  to  the  projection  of  the  re- 
spective  linear  conductor  in  one  quadrant  of  said 
cross. 

Preferably  said  projection  is  a  quarter  wave 
length  projection. 

Preferably  the  aperture  is  formed  of  two  equal 
length  slots  intersecting  each  other  at  their  mid 
points. 

Preferably  the  slots  extend  orthogonally  relative 
to  each  other. 

Preferably  the  direction  of  each  linear  conductor 
is  arranged  to  lie  centrally  between  a  pair  of  slots  in 
the  aperture  so  as  to  form  symmetrical  alignment  be- 
tween  the  intersecting  conductors  and  the  aperture 
cross. 
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Preferably  the  linear  conductors  extend  at  right 
angles  to  each  other. 

The  linear  conductors  may  each  have  a  reduced 
width  in  the  region  of  their  intersection. 

Preferably  each  of  the  linear  conductors  has  a  ta- 
pered  change  in  width  on  one  side  of  the  point  of  in- 
tersection,  thereby  forming  a  flared  section  having  an 
angle  of  taper  matching  an  aligned  space  between 
slots  in  said  aperture. 

Preferably  each  linear  conductor  has  an  open  cir- 
cuit  projection  beyond  the  point  of  intersection  of  the 
two  conductors. 

Preferably  said  projection  is  outwardly  flared  with 
an  angle  of  taper  matching  an  aligned  space  between 
slots  in  said  aperture. 

The  invention  is  particularly  suited  to  a  vehicle 
glazing  panel  when  the  first  dielectric  planar  member 
comprises  a  glass  sheet  forming  part  of  the  glazing 
panel. 

The  second  dielectric  planar  member  may  be  in 
the  form  of  a  panel  smaller  than  the  glazing  panel  and 
adhered  to  the  glazing  panel  after  formation  of  the 
glazing  panel.  Alternatively  the  second  dielectric  pla- 
nar  member  may  comprise  a  glass  sheet  of  a  lamin- 
ated  glazing  panel. 

The  invention  provides  an  antenna  system  as 
aforesaid  in  which  the  transmission  feed  circuitry  is 
coupled  to  one  or  more  coaxial  cables,  the  earth 
sheath  of  each  cable  being  connected  to  an  earthing 
connection  on  said  second  dielectric  planar  member 
and  arranged  to  form  a  short  circuit  connection  to  the 
ground  plane  without  any  physical  conducting  mem- 
ber  extending  through  the  second  dielectric  planar 
member. 

The  invention  includes  a  vehicle  glazing  panel 
having  an  antenna  system  as  aforesaid. 

Some  embodiments  of  the  invention  will  now  be 
described  by  way  of  example  and  with  reference  to 
the  accompanying  drawings  in  which:- 

Figure  1  is  an  exploded  view  of  a  laminar  antenna 
assembly  of  the  prior  art, 
Figure  2  is  a  section  through  a  laminar  antenna 
in  accordance  with  the  present  invention, 
Figure  3  is  an  underside  view  of  part  of  the  anten- 
na  assembly  of  Figure  2, 
Figure  4  shows  an  enlarged  view  in  section  of  an 
intersection  of  two  linear  conductors  in  the  anten- 
na  assembly  of  Figures  2  and  3, 
Figure  5  is  a  schematic  view  of  an  alternative  ar- 
rangement  of  two  intersecting  conductors  for  use 
with  an  assembly  of  the  type  shown  in  Figure  3, 
Figure  6  is  an  exploded  perspective  view  showing 
the  arrangement  of  the  antenna  assembly  used 
in  Figures  2,  3  and  4, 
Figure  7  is  an  exploded  perspective  view  similar 
to  Figure  6  of  an  alternative  embodiment  of  the 
present  invention, 
Figure  8  is  a  plan  view  of  a  transmission  line  cir- 

cuit  used  in  a  modified  form  of  Figure  7, 
Figures  9  and  10  are  explanatory  diagrams  of  the 
resistance  caused  by  ideal  aperture  coupling  in 
the  example  of  Figure  3,  and 

5  Figures  11  and  12  are  circuit  diagrams  illustrating 
the  impedance  provided  by  the  aperture  coupling 
in  the  arrangement  of  Figure  8. 
The  prior  art  arrangement  shown  in  Figure  1  is 

generally  similar  to  that  shown  in  US  Patent  No 
10  5043738.  In  that  arrangement  a  conducting  ground 

plane  11  is  provided  with  two  orthogonal  apertures 
12  and  13  spaced  physically  apart  and  forming  two 
spaced  arms  of  an  L  shaped  configuration.  Above  the 
ground  plane  11  is  a  dielectric  sheet  14  on  the  upper 

15  surface  of  which  is  mounted  a  rectangular  conducting 
patch  15  which  acts  as  an  electromagnetic  radiator 
device.  Below  the  ground  plane  11  is  a  further  dielec- 
tric  sheet  16  carrying  on  its  lower  face  feed  conduc- 
tors  17  and  18  for  providing  or  receiving  signals 

20  passed  through  the  patch  15.  In  this  example  the 
feed  conductors  1  7  and  1  8  do  not  make  electrical  con- 
tact  with  each  other  so  that  they  provide  separate 
current  paths.  The  ends  19  and  20  of  the  conductors 
17  and  18  are  bent  so  as  to  extend  perpendicular  to 

25  each  otherand  intersectatrightanglesthe  respective 
slots  13  and  12  in  the  ground  plane  11.  As  it  is  nec- 
essary  to  physically  separate  the  slots  12  and  13  as 
well  as  the  conductor  ends  19  and  20  it  is  not  possible 
to  arrange  the  slots  centrally  below  the  patch  15 

30  where  the  strongest  coupling  occurs.  It  will  be  under- 
stood  that  when  assembled  the  three  planar  ele- 
ments  11,  14  and  16  in  Figure  1  are  held  together  as 
a  sandwich  so  as  to  form  a  laminar  assembly. 

The  embodiments  of  the  present  invention  each 
35  comprise  a  laminar  assembly  of  the  type  shown  in 

Figure  2.  The  laminar  assembly  has  a  ground  plane 
21  formed  of  a  conducting  material  which  in  this  ex- 
ample  is  formed  on  the  lower  face  of  a  glass  sheet  22 
providing  a  first  dielectric  layer.  On  top  of  the  glass 

40  sheet  22  is  printed  a  conducting  patch  radiator  23. 
Symmetrically  located  below  the  centre  of  the  patch 
23  is  an  aperture  24  in  the  ground  plane  21  which  will 
be  described  below.  Beneath  the  ground  plane  21  is 
a  second  dielectric  layer  25  which  in  this  case  com- 

45  prises  a  further  dielectric  sheet  and  on  the  lower  face 
of  this  dielectric  sheet  is  formed  a  transmission  line 
circuit  26.  As  can  be  seen  from  the  underside  view  of 
Figure  3,  the  aperture  24  formed  in  the  ground  plane 
21  comprises  two  elongated  slots  intersecting  each 

so  other  to  form  a  symmetrical  cross  in  which  the  arms 
of  the  cross  all  have  equal  length  and  the  two  inter- 
secting  slots  cross  each  other  at  right  angles.  The 
transmission  line  circuit  26  includes  two  orthogonal 
conducting  strips  27  and  28  arranged  to  extend  one 

55  across  the  other  thereby  forming  a  cross  coincident 
with  the  centre  of  the  aperture  cross  24.  In  this  case 
the  strips  27  and  28  are  symmetrically  arranged  rel- 
ative  to  the  cross  so  as  to  bisect  the  angles  between 
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the  elongated  slots  of  the  cross.  The  circuit  also  in- 
cludes  two  ground  coupling  elements  30  and  31 
which  are  each  semicircular  in  shape  and  printed  on 
the  lower  face  of  the  glass  sheet  25.  In  use  the  earth 
braids  of  coaxial  cables  will  be  connected  to  the  con- 
ducting  coupling  elements  30  and  31  and  the  central 
wires  of  coaxial  cables  will  be  connected  to  ends  of 
the  conducting  strips  27  and  28  so  as  to  deliver  sig- 
nals  with  a  phase  difference  such  as  to  produce  cir- 
cular  polarisation  of  the  transmitted  signals.  The  two 
conducting  strips  27  and  28  are  electrically  insulated 
atthe  point  where  they  intersect  by  means  of  a  bridge 
element.  The  bridge  element  33  in  Figure  4  is  a  com- 
mon  surface  mount  conducting  component  which  is  in 
electrical  contact  with  the  conducting  strip  27  but  is 
separated  from  conducting  strip  28  by  an  insulator  34. 
This  provides  separate  current  paths  for  the  two 
strips  27  and  28  in  the  region  of  coupling  through  the 
aperture  24. 

In  the  particular  example  illustrated  in  Figure  3 
each  of  the  conducting  strips  27  and  28  is  arranged 
to  be  of  constant  and  uniform  width.  They  each  pro- 
ject  beyond  the  aperture  24  in  a  direction  away  from 
the  respective  earth  connection  30  or  31  by  a  dis- 
tance  equal  to  one  quarter  wavelength  of  the  radia- 
tion  to  be  transmitted  or  received  along  the  transmis- 
sion  line.  This  provides  a  quarter  wavelength  open 
circuit  thereby  acting  as  a  short  circuit  between  that 
conducting  strip  and  the  ground  plane  below  the  pro- 
jecting  end  of  the  conducting  strip.  The  passage  over 
the  aperture  24  in  each  of  the  conducting  strips  pre- 
ferably  provides  a  50  ohm  resistance  as  will  later  be 
described  with  reference  to  Figure  9.  By  insulating  the 
strips  27  and  28  at  their  cross-over  and  because  each 
strip  27,  28  has  an  effective  connection  to  the  ground 
plane  21  only  at  a  position  below  its  own  end,  each 
strip  27,  28  forms  part  of  an  isolated  current  path 
across  the  aperture  24  leading  to  a  single  quadrant  of 
the  cross  shaped  aperture.  This  results  in  high  quality 
circular  polarisation  which  would  not  result  if  the  strips 
27  and  28  made  electrical  contact  with  each  other. 

Figure  5  shows  an  alternative  arrangement  to 
Figure  3  in  which  the  conducting  strips  27  and  28 
have  a  reduced  width  in  their  central  regions  where 
they  pass  over  the  aperture  24.  This  reduces  the  ca- 
pacitive  coupling  between  the  two  transmission  lines 
in  that  region.  The  strips  27  and  28  are  still  insulated 
from  each  other  at  their  cross-over. 

Figure  6  shows  more  clearly  the  overall  antenna 
assembly  previously  described  in  Figure  2,  3  and  4. 
In  this  arrangement  the  intersection  point  of  the  con- 
ducting  strips  27  and  28  is  aligned  with  the  centre  of 
the  aperture  24  and  with  the  centre  of  the  patch  ra- 
diator23.  In  this  example  the  ground  plane  21  is  in  the 
form  of  a  circular  conducting  region  having  an  area 
substantially  greater  than  the  area  of  the  patch  23. 
The  area  of  the  ground  plane  is  also  sufficient  to  ex- 
tend  outside  the  area  covered  by  the  conducting  re- 

gions  of  the  transmission  line  circuit  26.  In  use,  the 
central  conductors  of  coaxial  cables  will  be  connected 
to  the  terminals  marked  35  on  the  conducting  strips 
27  and  28.  The  earth  braid  of  coaxial  cables  will  be 

5  connected  to  terminals  marked  36  and  37  on  the 
semicircular  conducting  pads  30  and  31. 

By  use  of  the  arrangement  shown  in  Figures  2  to 
6  it  is  possible  to  arrange  for  symmetry  of  the  coupling 
provided  by  the  aperture  between  the  transmission 

10  line  circuitry  and  the  radiating  patch.  This  gives  im- 
proved  circular  polarisation  purity  and  improves  the 
coupling  through  the  aperture  as  well  as  improving 
the  space  available  to  implement  feed  line  width  mod- 
ifications  in  the  region  of  the  aperture. 

15  It  is  known  that  an  open  circuited  quarter  wave- 
length  transmission  line  spaced  from  the  ground 
plane  by  a  dielectric  material  provides  an  effective 
short  circuit  connection  between  the  conductor  and 
the  ground  plane.  Such  quarter  wavelength  sections 

20  of  conductor  can  be  replaced  by  a  fan  shaped  trans- 
mission  line  with  similar  properties  but  broader  band 
width.  When  extended  to  a  semicircular  transmission 
line  this  can  be  used  for  forming  the  earth  connec- 
tions  as  shown  by  the  semicircular  conducting  re- 

25  gions  30  and  31. 
Figure  7  is  generally  similar  to  the  exploded  view 

of  Figure  6  although  showing  the  modified  form  of 
transmission  line  circuit  on  the  dielectric  sheet  25. 
The  ground  plane  11  and  glass  sheet  22  are  the  same 

30  as  previously  described.  In  this  example  the  linear 
conducting  strips  27  and  28  have  been  replaced  by 
conducting  strips  40  and  41  as  shown  in  both  Figures 
7  and  8.  The  conductors  40  and  41  are  arranged  on 
the  axis  of  the  linear  strips  42  and  43  respectively 

35  which  extend  perpendicular  to  each  other  and  are  ar- 
ranged  to  intersect  the  cross  aperture  24  in  a  sym- 
metrical  manner  exactly  as  previously  described  for 
the  conductors  27  and  28  in  Figure  3.  However  in  this 
case  the  conductor  40  comprises  an  enlarged  region 

40  44  before  reaching  the  aperture  24  and  an  enlarged 
quarter  circular  fan  shaped  projection  45  on  the  far 
side  of  the  aperture  24.  Conductor41  similarly  has  an 
enlarged  region  46  before  reaching  the  aperture  24 
and  an  enlarged  quarter  circular  fan  shaped  conduc- 

es  tor  47  projecting  beyond  the  aperture  24.  The  conduc- 
tors  40  and  41  are  connected  to  opposite  corners  of 
a  rectangular  conducting  branch  line  coupler  circuit 
50  connected  by  a  linear  conducting  strip  51  to  a  ter- 
minal  52  for  connection  to  the  central  core  of  a  coaxial 

so  cable.  Such  a  coupler  circuit  50  feeding  two  transmis- 
sion  lines  in  a  quadrature  arrangement  is  already 
known  for  achieving  circular  polarisation.  However 
the  shape  and  arrangement  of  the  conductors  40  and 
41  in  relation  to  the  aperture  24  have  not  previously 

55  been  known.  The  two  conducting  strips  40  and  41  are 
electrically  insulated  from  each  other  by  a  bridging  ar- 
rangement  at  the  point  of  intersection  similar  to  that 
already  described  in  Figure  4.  In  this  case  the  en- 

4 



7 EP  0  590  928  A1 8 

larged  projections  of  the  conductors  40  and  41  before 
reaching  the  aperture  and  the  flared  projections  after 
the  aperture  24  each  provide  tapered  regions  adapt- 
ed  to  fit  symmetrically  in  alignment  with  the  spaces 
between  the  slots  forming  the  aperture  24.  This  al- 
lows  effective  symmetrical  coupling  between  the  con- 
ducting  elements  of  the  feed  circuit  and  the  aperture 
providing  the  coupling  to  the  patch.  This  results  in 
achieving  low  impedances  in  a  more  compact  space 
than  with  the  quarter  wavelength  projections  used  in 
Figure  3.  In  the  example  of  Figure  7  a  semicircular 
conducting  region  31  is  provided  similar  to  that  of  Fig- 
ures  3  and  6.  In  this  case  the  semicircular  region  31 
will  be  connected  to  the  earth  braid  of  a  coaxial  cable. 

In  Figure  8  a  dielectric  sheet  25  is  shown  similar 
to  that  of  Figure  7.  However,  in  Figure  8  the  provision 
of  a  filter  element  53  and  an  amplifier  54  is  shown.  In 
this  arrangement  the  filter  element  53  is  connected 
between  the  linear  conducting  strip  51,  the  terminal 
55  on  the  coupling  element  31  and  a  separate  con- 
ducting  connecting  strip  56.  The  conducting  connect- 
ing  strip  56  is  also  connected,  in  turn,  to  one  terminal 
of  the  amplifier  54.  Two  further  terminals  of  the  am- 
plifier  54  are  connected  to  a  semicircular  coupling  ele- 
ment  30  which  acts  as  a  ground  and  the  final,  fourth 
terminal  of  the  amplifier  54  is  used  as  the  output  ter- 
minal. 

To  provide  good  coupling  between  the  feed  cir- 
cuit  and  the  patch  it  is  desirable  that  the  aperture  has 
the  effect  of  providing  a  50  ohm  impedance  in  the 
transmission  line  at  the  point  where  the  feed  line 
crosses  the  aperture.  This  will  now  be  described  more 
fully  with  reference  to  Figures  9  and  10.  Figure  9  illus- 
trates  the  conducting  strip  27  extending  over  the 
aperture  24  with  a  quarter  wavelength  projection  60 
at  the  free  end  of  the  conducting  strip.  The  circuit 
equivalent  of  this  is  shown  in  Figure  10  where  the 
earth  70  is  provided  by  the  ground  plane  21  and  lead 
71  indicates  the  connection  from  the  earth  braid  of  a 
coaxial  cable  which  provides  a  connection  to  the 
ground  plane  through  the  conducting  region  30  or  31 
and  its  effective  short  circuit  to  the  ground  plane.  Line 
72  indicates  the  conducting  path  from  the  central  line 
of  a  coaxial  cable  through  the  transmission  line  27 
and  where  this  passes  over  the  aperture  24  it  has  the 
effect  of  providing  a  50  ohm  series  resistance.  The 
projection  60  of  the  transmission  line  forms  a  short 
circuit  connection  to  the  ground  plane  thereby  com- 
pleting  the  circuit  as  shown  in  Figure  10. 

In  practice  poorer  coupling  through  thick  glass  in 
a  vehicle  window  can  result  in  coupling  through  the 
aperture  which  is  equivalent  to  an  inductance  in  ser- 
ies  with  the  resistance  of  less  than  50  ohms  and  a  fig- 
ure  of  1  0  or  1  5  ohms  is  typical  when  using  toughened 
glass.  This  resistance  can  be  transformed  so  as  to  be- 
have  more  closely  like  the  ideal  50  ohms  resistance 
by  use  of  the  flared  shapes  44  and  45  previously  de- 
scribed.  This  is  illustrated  in  Figures  11  and  12.  Again 

the  earth  70  is  in  each  case  provided  by  the  ground 
plane  21  .  The  line  71  is  as  previously  described  in  Fig- 
ure  10.  However  in  this  case  line  72  which  represents 
the  signal  path  through  the  transmission  line  has  a 

5  capacitive  coupling  73  provided  by  the  enlarged  re- 
gion  44.  The  thin  part  of  the  conductor  74  extending 
over  the  aperture  24  provides  the  effect  of  a  series 
resistance  R  plus  a  complex  impedance  jX. 

The  projecting  region  45  beyond  the  aperture  24 
10  provides  coupling  to  the  earth  70  but  itself  induces  a 

capacitive  or  inductive  effect  shown  by  the  complex 
impedance  jY  in  Figure  12.  By  varying  the  shape  of 
the  enlarged  regions  44  and  45  it  is  possible  to  vary 
the  capacitive  and  inductive  impedance  induced  in 

15  the  circuit.  This  results  in  an  LC  resonant  circuit  and 
the  Q  factor  of  that  circuit  will  control  the  resistance 
multiplication  so  as  to  obtain  an  effect  equal  to  the  de- 
sired  50  ohms  to  achieve  maximum  coupling  through 
the  aperture. 

20  When  the  antenna  is  constructed  in  a  laminated 
glass  assembly  with  reduced  glass  spacing  between 
the  patch  23  and  the  ground  plane  21  a  coupling  re- 
sulting  in  a  50  ohm  resistance  is  more  easily  obtained. 
It  may  still  be  preferable  to  use  a  smaller  aperture  24 

25  together  with  shaped  conductors  of  the  type  illustrat- 
ed  in  Figures  7  and  8  in  order  to  achieve  a  more  com- 
pact  circuit. 

The  above  examples  can  be  formed  on  glass  or 
other  transparent  material  either  in  single  sheet  or 

30  laminate  form.  The  invention  may  also  be  used  on 
non-transparent  dielectric  surfaces.  The  operating 
frequency  suitable  for  satellite  communication  anten- 
nae  in  accordance  with  this  example  are  preferably 
between  0.5  and  10GHz  and  more  preferably  in  the 

35  L-band  typically  operating  at  1.575  GHz.  The  exam- 
ples  may  be  used  for  global  positioning  systems  for  a 
vehicle,  including  cars  and  boats. 

The  patch  23  may  be  printed  with  conductive  inks 
or  frits  or  etched  from  a  conductive  coating  or  may  be 

40  created  from  an  adhered  metal  foil  or  plate  or  polymer 
film  carrying  a  conductive  foil  or  coating.  The  patch 
may  be  protected  from  corrosion  and  abrasion  and/or 
its  appearance  enhanced  by  a  protective  coating  of 
glass  frit,  paint  or  self-adhesive  polymer  film.  The 

45  patch  may  be  protected  from  corrosion  or  effects  of 
the  environment  with  a  hollow  or  solid  dielectric  ra- 
dome  and  the  patch  may  be  attached  to  either  the 
glazing  or  the  radome. 

A  cover  or  encapsulation  may  be  provided  to  pro- 
50  tect  the  circuit  components. 

The  ground  plane  11  may  be  circular  as  shown  or 
may  be  of  other  selected  shapes.  The  shape  and  size 
of  the  patch  23  may  be  selected  to  suit  the  frequency 
of  radiation  to  be  transmitted  or  received  by  the  an- 

55  tenna.  The  ground  plane  11  may  be  perforated  at  its 
periphery  to  cause  it  to  fade  into  its  surroundings  on 
the  glass  sheet.  Small  electrically  conductive  spots 
may  surround  the  ground  plane  which  have  only  a 

5 
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marginal  effect  on  the  ground  plane  but  help  it  fade 
into  its  surroundings.  The  ground  plane  may  be  print- 
ed  with  conducting  inks  or  frits  or  etched  from  a  con- 
ductive  coating  or  created  from  an  adhered  metal  foil 
or  from  a  film  carrying  a  metal  foil  or  coating.  The  an- 
tenna  may  be  used  in  a  system  using  known  methods 
of  diversity  or  beam  steering  having  a  plurality  of  an- 
tenna  elements  as  previously  described  and  these 
may  use  a  common  or  individual  ground  planes. 

In  some  applications  it  may  be  desirable  to  make 
shape  modifications  to  the  four  arms  of  the  cross 
aperture  24  so  as  to  alter  the  degree  of  band  width  of 
the  coupling. 

In  some  examples  additional  patches  may  be 
stacked  above  or  placed  to  the  side  of  the  driven 
patch  so  as  to  modify  the  radiation  pattern  or  create 
multiple  resonant  frequencies  or  improve  antenna 
band  width. 

The  symmetry  of  the  cross  or  patch  23  may  be 
varied  from  that  previously  described  in  order  to  ob- 
tain  elliptical  rather  than  circular  polarisation.  The  po- 
larisation  may  be  modified  by  changing  the  phase 
and  amplitude  relations  of  signals  on  the  two  ortho- 
gonal  feeds  or  combination  ratios  of  the  receive  sig- 
nals  on  the  two  feeds. 

The  above  embodiments  may  be  mounted  on  the 
roof  light  of  a  motor  vehicle  to  obtain  mobile  satellite 
communications. 

The  invention  is  not  limited  to  the  details  of  the 
foregoing  examples. 

Claims 

1.  A  laminar  microstrip  patch  antenna  comprising  a 
ground  plane  element  having  opposing  first  and 
second  faces,  a  first  dielectric  planar  member  ad- 
jacent  a  first  face  of  the  ground  plane  element,  a 
patch  radiator  on  a  face  of  the  first  dielectric 
member  remote  from  said  ground  element,  a  sec- 
ond  dielectric  planar  member  adjacent  a  second 
face  of  the  ground  plane  element,  and  a  transmis- 
sion  line  circuit  for  feeding  the  antenna  which  cir- 
cuit  is  located  on  a  face  of  the  second  dielectric 
member  remote  from  said  ground  plane  element, 
said  ground  plane  having  an  aperture  to  couple 
the  transmission  line  circuit  to  the  patch  radiator, 
which  aperture  comprises  a  cross  formed  by  two 
linear  slots  intersecting  each  other,  and  said 
transmission  line  circuit  comprising  two  linear 
conductors  intersecting  each  other  so  that  one 
extends  across  the  other  but  electrically  insulat- 
ed  from  each  other  at  the  point  of  intersection, 
the  intersection  of  said  linear  conductors  being 
aligned  with  the  centre  of  the  aperture  cross  with 
the  directions  of  the  linear  conductors  lying  be- 
tween  the  slots  of  the  aperture. 

2.  An  antenna  according  to  claim  1  in  which  each  lin- 
ear  conductor  has  an  open  circuit  projection  be- 
yond  a  slot  of  said  aperture  providing  an  effective 
short  circuit  to  said  ground  plane  element,  the  in- 

5  sulation  between  said  linear  conductors  thereby 
resulting  in  isolated  current  paths  in  said  linear 
conductors  each  of  which  crosses  the  aperture 
and  leads  only  to  the  projection  of  the  respective 
linear  conductor  in  one  quadrant  of  said  cross. 

10 
3.  An  antenna  according  to  claim  2  in  which  said 

projection  is  a  quarter  wavelength  projection. 

4.  An  antenna  as  claimed  in  any  one  of  claims  1  to 
15  3,  in  which  the  aperture  is  formed  of  two  equal 

length  slots  intersecting  each  other  at  their  mid 
points. 

5.  An  antenna  according  to  any  one  of  claims  1  to  4, 
20  in  which  the  slots  extend  orthogonally  relative  to 

each  other. 

6.  An  antenna  according  to  any  one  of  the  preceding 
claims,  in  which  the  direction  of  each  linear  con- 

25  ductor  is  arranged  to  lie  centrally  between  a  pair 
of  slots  in  the  aperture  so  as  to  form  symmetrical 
alignment  between  the  intersecting  conductors 
and  the  aperture  cross. 

30  7.  An  antenna  according  to  any  one  of  the  preceding 
claims,  in  which  the  linear  conductors  extend  at 
right  angles  to  each  other. 

8.  An  antenna  according  to  any  one  of  the  preceding 
35  claims,  in  which  the  linear  conductors  each  have 

a  reduced  width  in  the  region  of  their  intersection. 

9.  An  antenna  according  to  claim  8,  in  which  each  of 
the  linear  conductors  has  a  tapered  change  in 

40  width  on  one  side  of  the  point  of  intersection, 
thereby  forming  a  flared  section  having  an  angle 
of  taper  matching  an  aligned  space  between  slots 
in  said  aperture. 

45  10.  An  antenna  according  to  claim  2,  in  which  said 
projection  is  outwardly  flared  with  an  angle  of  ta- 
per  matching  an  aligned  space  between  slots  in 
said  aperture. 

so  11.  An  antenna  according  to  any  one  of  the  preceding 
claims,  in  which  said  first  dielectric  planar  mem- 
ber  comprises  a  glass  sheet  forming  part  of  a  ve- 
hicle  glazing  panel. 

55  12.  An  antenna  according  to  any  one  of  the  preceding 
claims,  in  which  said  second  dielectric  planar 
member  comprises  a  glass  sheet  member. 

25 
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13.  An  antenna  according  to  claim  11,  in  which  said 
second  dielectric  planar  member  comprises  a 
sheet  member  of  smaller  size  than  said  first  di- 
electric  planar  member  and  is  adhered  thereto  af- 
ter  formation  of  the  glazing  panel.  5 

14.  An  antenna  according  to  ny  one  of  the  preceding 
claims,  in  which  said  second  dielectric  planar 
member  is  provided  with  one  or  more  earth  con- 
nections  in  the  form  of  a  conducting  semi  circular  10 
region  arranged  to  form  a  short  circuit  connection 
to  said  ground  plane. 

15.  An  antenna  according  to  any  one  of  the  preceding 
claims,  in  which  said  second  dielectric  member  15 
includes  amplifier  and  filter  components. 

16.  A  vehicle  glazing  panel  comprising  a  glass  sheet 
having  mounted  thereon  an  antenna  system  ac- 
cording  to  any  one  of  the  preceding  claims.  20 
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