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@)  Improvements  in  or  relating  to  radar  antenna  arrays. 

(57)  A  phased  array  radar  antenna  which  com- 
prises  a  structure  which  serves  to  support  a 
co-ordinate  array  of  uniformly  spaced  radiating 
elements  wherein  the  height  of  the  array  along 
one  axis  thereof  is  tapered  away  from  the  centre 
of  the  array,  thereby  to  afford  a  reduction  of 
sidelobes  in  a  plane  orthogonal  to  the  said  one 
axis  whilst  retaining  an  efficient  trans- 
mit/receiver  function. 
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This  invention  relates  to  phased  radar  arrays  and 
more  especially  it  relates  to  phased  planar  array 
antennas. 

Planar  arrays  normally  extend  in  two  dimensions 
perhaps  to  define  a  rectangular  array,  signals  being 
radiated  from  elements  of  the  array  to  form  a  beam 
which  may  be  steered  in  accordance  with  the  relative 
phase  of  the  signals. 

One  of  the  problems  associated  with  planar  array 
antennas  is  that  sidelobes  of  transmitted  and  received 
radar  beams  can  be  unacceptably  high.  One  known 
way  of  reducing  the  amplitude  of  sidelobes  is  to  am- 
plitude  weight  signals  applied  to  the  elements  of  the 
array.  Such  weighting  systems  are  well  known  and 
weighting  may  be  applied  in  accordance  with  Han- 
ning,  Raised  Cosine,  or  Taylor  tapering  functions  for 
example.  This  known  weighting  technique  comprises 
producing  an  amplitude  taper  across  the  face  of  the 
array,  which  may  be  achieved  by  control  of  the  ampli- 
tude  of  signals  fed  to  individual  elements  in  an  active 
array  or  by  using  a  complex  network  of  power  combin- 
ers/dividers  in  association  with  strip  lines  which  feed 
power  to  the  elements  of  the  array. 

Amplitude  weighting  as  aforesaid,  has  the  disad- 
vantage  that  it  is  inefficient  since  much  of  the  power 
generated  is  lost  in  the  weighting  circuits.  Moreover, 
the  complexity  of  the  array  is  significantly  increased 
by  the  need  for  the  provision  of  weighting  circuitry  in 
addition  to  the  circuitry  required  for  beam  steering 
purposes.  In  a  known  alternative  system,  sidelobes 
are  reduced  by  arranging  the  elements  of  the  array  in 
a  non-uniform  distribution  (  spatial  thinning). 

A  disadvantage  of  this  kind  of  array  however  is 
that  a  spatial  thinning  of  the  elements  produces  grat- 
ing  lobes  at  unacceptably  high  levels. 

According  to  the  present  invention,  a  phased 
array  radar  antenna  comprises  a  structure  which  ser- 
ves  to  support  a  co-ordinate  array  of  uniformly  spaced 
radiating  elements,  wherein  the  height  of  the  array 
along  one  axis  thereof  is  tapered  away  from  the  centre 
of  the  array,  thereby  to  afford  a  reduction  of  sidelobes 
in  a  plane  orthogonal  to  the  said  one  axis. 

The  tapering  may  be  arranged  to  be  uniform 
about  the  array  centre  along  one  axis  thereby  to  pro- 
duce  an  array  which  is  symmetrical  about  the  array 
centre  along  the  said  one  axis. 

In  an  array  according  to  the  present  invention  the 
element  spacing  may  be  arranged  at  approximately  a 
half  wavelength.  This  enables  the  formation  of  grating 
lobes  to  be  avoided,  and,  since  the  elements  of  the 
array  are  each  fed  with  power  at  full  amplitude,  with- 
out  weighting,  the  array  efficiency  is  not  comprom- 
ised. 

The  taper  function  used  to  determine  the  height 
of  the  array  from  point  to  point  along  its  length  and 
thus  the  effective  outline  of  the  array,  may  be  calcu- 
lated  in  accordance  with  a  known  function  such  as  a 
Hanning  function,  a  Raised  Cosine  function  or  a 

Taylor  function,  which  as  hereinbefore  described  may 
be  used  to  calculate  weighting  functions  in  known  am- 
plitude  weighted  systems. 

In  order  to  achieve  low  sidelobes  in  the  horizontal 
5  plane  for  example,  the  vertical  height,  i.e  the  number 

of  elements  in  each  vertical  column  of  elements  is 
chosen  to  provide  a  required  taperfunction  across  the 
array  in  accordance  with  the  philosophy  used  i.e.  a 
Hanning  function,  a  Raised  Cosine  function  or  a 

10  Taylor  function  for  example. 
It  will  be  appreciated  that  it  is  practicable  for  a  pla- 

nar  array  only  to  apply  a  height  taper  function  in  one 
dimension  and  accordingly  in  order  to  reduce 
sidelobes  in  an  orthogonal  dimension,  an  amplitude 

15  taper  may  be  applied  in  this  direction  using  known 
techniques.  It  has  been  found  however  that  since  the 
array  shape  already  provides  a  degree  of  tapering  in 
this  dimension  the  range  of  amplitude  taper  required 
is  quite  small  and  much  less  than  would  be  required 

20  for  -a  conventionally  shaped  array  and  thus  the  effi- 
ciency  reduction  is  correspondingly  small. 

One  embodiment  of  the  invention  will  now  be  des- 
cribed  by  way  of  example  with  reference  to  the  accom- 
panying  drawing,  in  which; 

25  Figure  1  is  a  somewhat  schematic  plan  view  of  a 
planar  radar  array  comprising  a  plurality  of  elements 
each  of  which  is  shown. 

Referring  now  to  Figure  1  ,  a  planar  radar  array 
comprises  a  plurality  of  elements  1  arranged  to  define 

30  in  combination  a  coordinate  array  of  rows  and  col- 
umns  of  elements.  The  height  of  the  elements  in  a  ver- 
tical  direction  x,  as  determined  by  the  number  of 
elements  1  in  each  column,  is  varied  along  the  length 
y  of  the  array  to  define  a  taper  which  extends  symmet- 

35  rically  on  each  side  of  a  centre  line  indicated  by  an 
arrow  2.  The  number  of  the  elements  1  in  each  column 
of  the  array  may  be  calculated  in  accordance  with  a 
Hanning,  or  a  Taylor  function  for  example  in  a  similar 
manner  to  the  manner  in  which  weighting  coefficients 

40  would  be  calculated  in  known  systems. 
With  the  arrangement  shown  in  Figure  1,  low 

sidelobes  are  achieved  in  a  horizontal  plane  along  the 
length  y  by  tapering  the  height  of  the  array  in  the  ver- 
tical  direction  x. 

45  Amplitude  weighting  either  side  of  the  centre  line 
2  may  be  applied  so  that  the  amplitude  of  signals  to 
each  side  of  the  centre  line  2  is  reduced  whereby  a 
reduction  of  sidelobes  in  the  vertical  plane  is  also 
achieved.  Each  radiating  element  will  be  fed  via  an 

so  associated  phase  shifter  and  appropriate  strip  line 
networks  to  provide  beam  steering  and  beam  for- 
mation. 

In  accordance  with  one  embodiment  of  the  inven- 
tion  a  planar  array  as  hereinbefore  described  may  be 

55  embodied  in  one  or  more  sides  of  an  aircraft  and  thus 
the  substrate  which  supports  the  elements  of  the 
array  may  form  part  of  an  aircraft  superstructure. 

It  will  be  appreciated  by  those  skilled  in  the  art, 

2 
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that  the  elements  1  of  the  array  as  shown  in  Figure  1 
may  comprise  any  known  form  and  for  example  may 
comprise  shaped  radiator  pads,  raised  studs,  miniat- 
ure  dipoles  or  radiating  cavities.  It  will  also  be 
appreciated  that  various  modifications  may  be  made  5 
to  the  arrangement  hereinbefore  described  without 
departing  from  the  scope  of  the  invention  and  for 
example  amplitude  modulation  in  one  plane  may  be 
achieved  by  means  of  attenuators,  dividers  or  power 
combiners  which  may  form  a  part  of,  or  which  may  be  10 
included  in,  strip  lines  associated  with  each  antenna. 

Claims 
15 

1  .  A  phased  array  radar  antenna  which  comprises  a 
structure  which  serves  to  support  a  co-ordinate 
array  of  uniformly  spaced  radiating  elements, 
wherein  the  height  of  the  array  along  one  axis 
thereof  is  tapered  away  from  the  centre  of  the  20 
array,  thereby  to  afford  a  reduction  of  sidelobes  in 
a  plane  orthogonal  to  the  said  one  axis. 

2.  A  phased  array  radar  antenna  as  claimed  in  claim 
1  ,  wherein  the  tapering  is  arranged  to  be  uniform  25 
about  the  array  centre  along  one  axis  thereby  to 
produce  an  array  which  is  symmetrical  about  the 
array  centre  along  the  said  one  axis. 

3.  A  phased  array  radar  antenna  as  claimed  in  claim  30 
1  or  claim  2,  wherein  the  element  spacing  is 
arranged  to  be  at  approximately  a  half 
wavelength. 

4.  A  phased  array  radar  antenna  as  claimed  in  any  35 
preceding  claim,  wherein  the  height  of  the  array 
along  the  said  one  axis  thereof  is  determined  in 
accordance  with  a  Hanning  or  similar  taper  func- 
tion  (eg  Taylor  or  raised  cosine). 

40 
5.  A  phased  array  radar  antenna  as  claimed  in  any 

preceding  claim,  wherein  an  amplitude  taper 
function  is  produced  across  the  array  in  a  direc- 
tion  orthogonal  to  the  said  one  axis. 

45 
6.  A  phased  array  radar  antenna  as  claimed  in  any 

preceding  claim  substantially  as  hereinbefore 
described  with  reference  to  the  accompanying 
drawing. 

3 
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