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©  Slotted  waveguide  antennas  and  arrays. 
(gf)  Array  antennas  constructed  from  some  forms  of  wave- 
guide  radiators  with  sidewall  slots  exhibit  cross  polarisation 
and  periodic  errors.  This  problem  arises  from  the  difficulty  of 
obtaining  phase  reversal  in  the  radiation  from  adjacent  slots 
in  such  a  radiator  other  than  by  slot  inclination.  The  present 
invention  offers  two  solutions.  Firstly,  a  radiator  10  having  a 
number  of  non-inclined  sidewall  slots  such  as  13  and  14  and 
a  septum  15  with  inclined  slots  such  as  25  and  26  which 
provide  a  phase  relationship  in  the  radiation  from  the 
sidewall  slots  which  ensures  that  no  significant  cross 
polarisation  errors  nor  grating  lobes  occur.  A  number  of 
radiators  10  can  be  used  to  form  an  array.  Secondly,  arrays 
using  radiators  with  sidewall  slots,  in  which  the  distance 
between  these  slots,  the  dimensions  of  the  radiators  and  the 
relative  positions  of  individual  radiators  are  such  that  the 
phase  relationship  in  radiation  from  the  slots  of  the  array 
prevent  significant  grating  lobes. 
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The  p resen t   i nven t ion   r e l a t e s   to  s l o t t e d   waveguide  a n t e n n a s  

employing  waveguide  r a d i a t o r s   having  s i dewa l l   s l o t s   and  a r rays   o f  

such  r a d i a t o r s .  

The  mer i t s   of  s l o t t e d - w a v e g u i d e   array  an t ennas ,   which  a r e  

capable   of  p rov id ing   well  c o n t r o l l e d ,   very  low  side  l o b e ,  

r a d i a t i o n   p a t t e r n s ,   are  well  known.  For  l i n e a r l y   p o l a r i s e d   a r r a y s  

two  methods  of  s l o t t i n g   the  waveguide  are  commonly  used:  namely 

s t agge red   axia l   shunt  s l o t s   in  the  broad  wal l ,   or  i n c l i n e d   s i d e w a l l  

s l o t s .   U n f o r t u n a t e l y   a r rays   formed  from  s l o t s   of  t h i s   type  s u f f e r  

from  two  basic  r a d i a t i o n   p a t t e r n   e r r o r s .   These  are  f i r s t l y   p e r i o d i c  

e r r o r s   a s s o c i a t e d   with  the  r equ i r emen t   e i t h e r   to  s t a g g e r   t h e  

l o n g i t u d i n a l   shunt  s l o t s   or  to  i n c l i n e   the  s i dewa l l   s l o t s   o p p o s i t e l y ,  

and  secondly  c r o s s - p o l a r i s a t i o n   e r r o r s   p a r t i c u l a r l y   in  the  case  o f  

the  s i dewa l l   s l o t s   because  of  t h e i r   i n c l i n a t i o n .  

Where  s i dewa l l   s lo t s   are  used,  the  s l o t s   should  be  normal  t o  

the  l o n g i t u d i n a l   axis  of  the  waveguide  in  order  to  p reven t   c r o s s -  

p o l a r i s a t i o n .   The  s lo t s   should  also  be  symmetr ica l   with  regard  t o  

l o n g i t u d i n a l   axis  to  avoid  p e r i o d i c   e r r o r s .   The  l a t t e r   r e q u i r e s  

means  ins ide   the  waveguide  to  ensure  that   r a d i a t i o n   from  t h e  

symmetr ica l   s l o t s   o c c u r s .  

The  r a d i a t i o n   p a t t e r n s   of  waveguides  with  s y m m e t r i c a l  

s i d e w a l l   s l o t s   conta in   g r a t i n g   lobes  because  a d j a c e n t   s l o t s  

r a d i a t e   in  phase  only  when  s e p a r a t e d   by  a  d i s t a n c e   equal  to  one  o r  

more  wavelengths   of  the  mode  wi th in   the  waveguide  and  i t   is  an  

ob j ec t   of  the  p resen t   i n v e n t i o n   to  provide  in  phase  r a d i a t i o n   when 

the  s i dewa l l   s l o t s   are  s e p a r a t e d   by  hal f   of  the  guide  w a v e l e n g t h .  

According  to  a  f i r s t   aspect   of  the  p re sen t   i n v e n t i o n   there  i s  

provided  an  e longa ted   waveguide  r a d i a t o r   which  in  cross   s ec t i on   i s  

d iv ided  into  f i r s t   and  second  waveguide  p o r t i o n s   by  a  s ep tum,  

having  a  p l u r a l i t y   of  f i r s t   e longa ted   s lo t s   in  an  e x t e r n a l   wall  o f  

the  r a d i a t o r   each  of  which  extends  on  both  s ides   of  the  septum  and 

is  o r thogona l   to  the  l o n g i t u d i n a l   axis  of  the  r a d i a t o r ,   and  a 

p l u r a l i t y   of  e longated   second  s l o t s ,   each  of  which  extends   from  a 



c o r r e s p o n d i n g   one  of  the  f i r s t   s l o t s   into  the  septum,  and  has  a 

l o n g i t u d i n a l   axis  which  is  i n c l i n e d   to  a  l ine   in  the  septum  no rma l  

to  the  l o n g i t u d i n a l   axis  of  the  r a d i a t o r ,   the  d i r e c t i o n   of  t h e  

angle  of  i n c l i n a t i o n   a l t e r n a t i n g   along  the  r a d i a t o r .  

The  i n c l i n a t i o n   of  the  second  s l o t s   can  be  as  requi red   t o  

provide   a  des i r ed   con t ro l   of  the  r a d i a t i o n   magnitude  from  a d j a c e n t  

s l o t s   but  the  second  s l o t s   must  be  i n c l i n e d   to  said  l ine   in  t h e  

septum  ( tha t   is  second  s l o t s   must  not  be  p a r a l l e l   to  the  l o n g i -  

t u d i n a l   axis  of  the  r a d i a t o r )   or  r a d i a t i o n   between  ad j acen t   s l o t s  

wi l l   not  be  in  phase  when  they  are  s e p a r a t e d   by  hal f   of  the  g u i d e  

wave leng th .   Arrays  may  be  c o n s t r u c t e d   using  a  p l u r a l i t y   o f  

r a d i a t o r s   accord ing   to  the  f i r s t   aspect   of  the  i n v e n t i o n .  

According  to  a  second  aspect   of  the  i n v e n t i o n   there   i s  

provided  an  antenna  ar ray  compris ing   two  or  more  e l o n g a t e d  

waveguide  r a d i a t o r s   each  of  which  in  cross   s e c t i o n   is  d ivided  i n t o  

f i r s t   and  second  waveguide  p o r t i o n s   by  a  septum,  has  a  p l u r a l i t y  

of  f i r s t   e longa ted   s l o t s   in  an  e x t e r n a l   wall  of  the  r a d i a t o r   each  

of  which  extends  on  both  s ides   of  the  septum  and  is  o r thogona l   t o  

the  l o n g i t u d i n a l   axis  of  the  r a d i a t o r ,   and  has  a  p l u r a l i t y   o f  

e longa ted   second  s l o t s ,   each  of  which  extends  from  a  c o r r e s p o n d i n g  

one  of  the  f i r s t   s l o t s   into  the  septum,  wherein  the  s e p a r a t i o n  

between  the  f i r s t   s l o t s   in  each  r a d i a t o r   is  s u b s t a n t i a l l y   e q u a l  

to  1 0  t i m e s   the  d i s t a n c e   from  any  f i r s t   s l o t   in  the  array  to  t h e  

n e a r e s t   ad j acen t   f i r s t   s l o t .  

In  both  f i r s t   and  second  a spec t s   of  the  i n v e n t i o n   the  f i r s t  

and  second  waveguide  p o r t i o n s   are  u sua l l y   e x c i t e d   in  a n t i p h a s e .  

Ce r t a in   embodiments  of  the  i nven t ion   wi l l   now  be  d e s c r i b e d ,  

by  way  of  example,  with  r e f e r e n c e   to  the  accompanying  drawings,   i n  

w h i c h : -  

Figure   1  is  used  in  e x p l a i n i n g   r a d i a t o r s   accord ing   to  t h e  

i n v e n t i o n   and  shows  par t   of  a  wavegu ide ,  

Figure  2  shows  a  r a d i a t o r   according  to  the  i n v e n t i o n ,  

Figure  3  is  a  schematic   diagram  showing  how  phase  r e v e r s a l  

occurs   between  the  s l o t s   of  Figure  2,  

Figure  4  shows  another   r a d i a t o r   accord ing   to  the  i n v e n t i o n ,  



Figure  5  shows  ways  of  s t a ck ing   r a d i a t o r s   to  form  a r r a y s  

accord ing   to  the  i n v e n t i o n ,   and 

Figure  6  shows  a  way  of  feeding  an tenna   a r rays   accord ing   t o  

the  i n v e n t i o n .  

In  Figure  1  pa r t   of  a  s l o t t e d   waveguide  r a d i a t o r   10  c o m p r i s e s  

two  waveguides  11  and  12  each  of  the  usual   dimensions  r equ i red   t o  

suppor t   the  TE10  mode  and  thus  for  the  X-band  the  breadth   of  t h e  

waveguide  10  is  about  two  and  a  qua r t e r   c e n t i m e t r e s   while  i t s  

o v e r a l l   height   is  in  the  region  of  two  and  a  half   c e n t i m e t r e s .  

Thus  the  r a d i a t o r   10  can  be  regarded  as  being  b i f u r c a t e d   a l o n g  

the  H  plane.   There  are  two  s l o t s   13  and  14  in  the  s idewa l l   of  t h e  

part   of  the  waveguide  r a d i a t o r   shown  and  a  septum  15  s e p a r a t i n g  

the  waveguides  11  and  12  has  s l o t s   16  and  17  cont iguous   with  t h e  

s l o t s   13  and  14,  r e s p e c t i v e l y .   The  s l o t s   13,  14,  16  and  17  a r e  

par t   of  a  s e r i e s   of  such  s l o t s   along  the  r a d i a t o r   10.  For  an 

X-band  array  the  s l o t s   are  about  0.2  cm  wide  and  spaced  a t  

about  4.5  cm  along  the  r a d i a t o r .  

Since  s l o t s   13  and  14  are  o r thogona l   to  the  d i r e c t i o n   of  

p ropaga t ion   they  would  not  r a d i a t e   in  a  waveguide  having  no 

septum  and  f u r t h e r   if  the  waveguides  11  and  12  were  exc i t ed   i n  

phase  the  septum  15  would  have  no  e f f e c t .   Thus  the  waveguides  11 

and  12  are  normally  exc i t ed   in  a n t i p h a s e ,   so  that   the  septum 

s l o t s   16  and  17  are  s t r o n g l y   exc i t ed   by  the  "odd"  TE10  mode  s i n c e  

they  s i g n i f i c a n t l y   i n t e r r u p t   the  septum  wall  c u r r e n t s   of  t h i s  

mode.  The  f i e l d s   produced  in  the  s l o t s   16  and  17  if  they  a r e  

each  about  a  q u a r t e r   of  the  free  space  wavelength   long  i n d u c e  

f i e l d   p a t t e r n s   in  the  s l o t s   13  and  14  caus ing   them  to  r a d i a t e  

p a r a s i t i c a l l y .   However  these  s l o t s   can  vary  in  length  in  t h e  

range  o n e - e i g h t h   to  half   a  free  space  wave leng th .   The  s l o t s   13 

normally  have  an  o v e r a l l   length  of  half   the  free  space  w a v e l e n g t h  

at  the  cen t re   of  the  band  to  be  p ropagated   in  the  waveguides  11 

and  12,  a l though  they  may  be  as  short   as  a  qua r t e r   of  the  f r e e  

space  wave length .   Hence  the  s l o t s   13  and  14  are  resonant   as  a r e  

each  upper  half   of  the  s l o t s   13  and  14  t o g e t h e r   with  the  c o r r e s -  

ponding  s l o t s   16  and  17,  and  each  lower  hal f   of  the  s l o t s   13 



and  14  t o g e t h e r   with  the  co r respond ing   s l o t s   16  and  17.  Non- 

r e s o n a n t   s lo t   l eng ths   may  be  used  if  some  p a t t e r n   shaping  i s  

d e s i r e d ;   for  example  a  cos ine   d i s t r i b u t i o n   or  o ther   t a p e r i n g   o f  

f i e l d   s t r e n g t h   across   the  antenna  a p e r t u r e .   Other  out  of  p h a s e  

e x c i t a t i o n s   than  a n t i p h a s e   can  sometimes  prove  use fu l   for  t h e  

waveguides   11  and  12.  

The  waveguide  r a d i a t o r   10  gene ra t e s   h o r i z o n t a l   p o l a r i s a t i o n  

when  the  r a d i a t o r   is  mounted  h o r i z o n t a l l y ,   and  as  the  s l o t s   13 

and  14  are  o r thogonal   to  the  axis  of  the  r a d i a t o r ,   s i g n i f i c a n t  

c r o s s - p o l a r i s a t i o n   does  not  occur.   The  s l o t s   13  and  14  a r e  

r e g u l a r l y   spaced  and  symmetr ical   with  r e spec t   to  the  wall  of  t h e  

r a d i a t o r   10  so  p e r i o d i c   e r r o r s   are  a v o i d e d .  

However  a  d i s a d v a n t a g e   of  the  ar rangement   of  Figure  1  i n  

comparison  with  c o n v e n t i o n a l   i n c l i n e d - e d g e   s lo t   r a d i a t o r s   i s  

t h a t   1800  phase  r e v e r s a l s   between  ad jacen t   s l o t s   (to  a l l o w  

r a d i a t i o n   in  phase  at  half   guide  wavelength  s lo t   spacing)  is  n o t  

p o s s i b l e   s ince   such  r e v e r s a l   is  usua l ly   ob ta ined   by  o p p o s i t e l y  

i n c l i n i n g   a l t e r n a t e   s l o t s .   Thus  for  a  waveguide  having  a  normal  

b roadwa l l   dimension,   s u b s t a n t i a l l y   more  than  one  free  space  wave-  

l eng th   spacing  between  s l o t s   is  r equ i red   to  procure   a p p r o x i m a t e l y  

b r o a d s i d e   r a d i a t i o n   and  as  a  r e s u l t   more  than  one  p r i n c i p a l  

r a d i a t i o n   lobe  occurs ,   that   is  g r a t i ng   lobes  are  fo rmed .  

The  g r a t i ng   lobe  problem  can  be  l a r g e l y   overcome  by  t h e  

waveguide  of  Figure  2.  This  waveguide  also  has  s l o t s   13  and  14 

but  these   s l o t s   r a d i a t e   in  phase  when  s e p a r a t e d   a x i a l l y   by  half   o f  

one  guide  wavelength  and  so  reduces  the  problem  of  g r a t i n g   l o b e s .  

As  be fore   the  waveguides  11  and  12  are  fed  in  a n t i p h a s e   but  now 

septum  s l o t s   25  and  26  extend  a x i a l l y   along  the  r a d i a t o r   10  from 

the  s l o t s   13  and  14,  r e s p e c t i v e l y ,   and  are  con f igu red   to  p r o v i d e  

the  r equ i r ed   phase  r e v e r s a l .   At  each  s lo t   13,  14,  the  d i r e c t i o n  

in  which  the  s l o t s   25,  26  extend  in  the  axia l   d i r e c t i o n   of  t h e  

r a d i a t o r   10  is  r e v e r s e d .   Refe r r ing   to  Figure  3  where  c u r r e n t s   i n  

the  septum  15  are  i n d i c a t e d   by  chain  dashed  arrows  27,  the  e l e c t r i c  

f i e l d s   p a r a s i t i c a l l y   exc i t ed   in  the  s l o t s   25  and  26  are  as  shown 

by  the  arrows  28  and  29,  r e s p e c t i v e l y .   Between  two  ad j acen t   s l o t s  



two  180   phase  changes  occur,   one  because  the  s lo t s   are  s e p a r a t e d  

by  half   a  guide  wavelength  and  one  due  to  the  d i r e c t i o n s   of  t h e  

s l o t s   25  and  26.  It  can  be  seen  that   the  e l e c t r i c   f i e l d   d i r e c t i o n s  

exc i t ed   in  the  s l o t s   13  and  14  are  in  phase  due  to  these  two 

r e v e r s a l s   and  at  half   guide  wavelength   spac ing ,   t h e r e f o r e ,   t h e  

s l o t s   r a d i a t e   in  phase.  Again  the  s l o t s   25  and  26  are  e a c h  

a p p r o x i m a t e l y   a  qua r t e r   of  a  f ree   space  wavelength  long  at  t h e  

cen t r e   of  the  band  of  f r e q u e n c i e s   to  be  propagated  and  o t h e r  

d imensions   are  the  same  as  those  of  the  waveguide  of  Figure  1. 

Since  the  s l o t s   13  and  14  remain  at  r igh t   angles  to  t h e  

d i r e c t i o n   of  p ropaga t ion   the  problem  of  c r o s s - p o l a r i s a t i o n   i s  

l a r g e l y   avoided  and  since  the  s l o t s   are  symmetr ical   in  r e l a t i o n  

to  the  cen t re   l ine  of  the  waveguide  r a d i a t o r   no  s i g n i f i c a n t  

p e r i o d i c i t y   e r ror   a r i s e s   in  the  beam  p a t t e r n .  
As  shown in  Figure  4,  the  septum  s l o t s   25  and  26  may  be  

i n c l i n e d   to  the  l o n g i t u d i n a l   axis  of  the  waveguide  at  angles   up 

to,  but  not  i n c l u d i n g ,   900  (when  they  become  e q u i v a l e n t   to  t h e  

s l o t s   16  and  17).  Travers ing   the  waveguides  in  the  l o n g i t u d i n a l  

d i r e c t i o n   the  s l o t s   are  i n c l i n e d   f i r s t   in  the  ' f o r w a r d '   d i r e c t i o n  

and  then  in  the  'backward'   d i r e c t i o n   for  ad jacen t   s l o t s .   Such 

s l o t s   provide  only  p a r t i a l   phase  r e v e r s a l   and  a l though  such  a 

phase  change  is  usua l ly   a  d i s a d v a n t a g e ,   i t   can  sometimes  be  u s e f u l  

to  give  con t ro l   of  r a d i a t i o n   s t r e n g t h   if  it  is  r equ i red   to  keep 

the  l engths   of  the  s idewal l   s l o t s   and  septum  s lo t s   i n v a r i a n t ;   f o r  

example  in  c o n s t r u c t i n g   a  narrow-band  resonant   a r r a y .  

For  s lo t   a r rays   for  which  a  phase  r e v e r s a l   mechanism  is  n o t  

p o s s i b l e ,   as  with  the  r a d i a t o r   of  Figure  1,  the  g r a t i n g   l o b e  

problem  can  also  be  l a r g e l y   overcome  by  s t ack ing   r a d i a t o r s .  

Figure  5  shows  three   p o s s i b l e   ways  20,  21  and  22  of  s t a c k i n g ,   on  a 

background  of  e q u i l a t e r a l   t r i a n g l e s   each  having  s ides   d.  Schemes  20 

and  21  are  p a r t i c u l a r l y   s u i t a b l e   for  t h i s   purpose.   In  each  of  t h e  

three   s tacked  ar rays   shown,  s l o t s   as  i n d i c a t e d   by  l ines   t r a n s v e r s e  

to  the  waveguides  are  s e p a r a t e d   by  a  d i s t a n c e   d.  The  objec t   of  

s t a ck ing   is  to  c rea te   a  p lanar   array  in  which  s lo t s   r a d i a t e   i n  

phase  and  are  spaced  by  less   than  0.7  λo,  where  A0  is  the  f r e e  



space  wave leng th .   This  c o n d i t i o n   avoids  g r a t i ng   lobes  wi th in   + 

o r  -   900  of  the  normal  to  the  axes  of  the  waveguides,   allows  a 

f i n i t e   beam  width  and  avoids  la rge   i n t e r n a l   r e f l e c t i o n s   wi th in   t h e  

wavegu ides .   Thus  d  should  be  less   than  0.7  b u t   for  s i m p l i c i t y  

t h i s   c o n d i t i o n   can  be  expressed   as  d  approx imate ly   equal  to  λ o / 2 .  
The  a r r a y   20  is  made  up  of  three   r a d i a t o r s   10  of  the  type  shown  i n  

F igure   1  while  the  a r rays   21  and  22  are  each  formed  by  two  such 

r a d i a t o r s   but,   in  p r a c t i c e ,   a r rays   of  th is   type  u sua l l y   c o m p r i s e  

many  more  r a d i a t o r s .   Cor responding   waveguides  in  the  r a d i a t o r s  

making  up  the  a r rays   are  fed  in  p h a s e .  

In  the  array  20  the  s e p a r a t i o n   between  ad jacen t   s l o t s   in  t h e  

same  waveguide  r a d i a t o r   is  d  1 0  a n d   thus  the  s e p a r a t i o n   d  be tween  

s l o t s   in  the  s tacked  ar ray  is  j u s t   over  a  th i rd   of  the  g u i d e  

wave l eng th   (λg).  Since  the  A  is  g r e a t e r   t han  λo ,   d  is ,   a s  

r e q u i r e d ,   app rox ima te ly   equal  to  λo/2.  If  the  waveguide  width  i s  

chosen  to  be  tha t   of  a  s t anda rd   waveguide  the  d i r e c t i o n   of  t h e  

beam  is  almost  b r o a d s i d e .   However  as  is  apparent   from  Figure   5 

t h i s   i n c r e a s e   in  s lo t   s e p a r a t i o n   is  achieved  at  the  expense  of  t h e  

s i d e w a l l   dimension  (b)  of  the  waveguide  r a d i a t o r .   As  a  consequence  

the  s i d e w a l l   dimension  has  to  be  reduced  to  less  than  0.2  of  a 

f ree   space  wavelength .   After   p r o v i s i o n   is  made  for  wall  t h i c k n e s s  

and  the  septum,  the  ins ide   dimension  of  each  waveguide  11  and  12 

is  such  tha t   manufacture   is  d i f f i c u l t .  

The  a r ray   21  overcomes  th i s   problem  but  r e q u i r e s   the  a d d i t i o n  

of  phase  compensat ion  between  ad j acen t   s l o t s   to  reduce  λg  to  be 

equal   to  or  a  l i t t l e   l a r g e r   than  λo  in  order  to  place  the  main 

beam  c lose   to  b roads ide .   The  s e p a r a t i o n   between  the  s l o t s   in  each 

waveguide  r a d i a t o r   making  up  the  array  is  about  A  g iving  t h e  

r e q u i r e d   array  s lo t   s e p a r a t i o n   of  about  λo/2.  Phase  compensa-  
t ion  can  be  obta ined  for  example  by  d i e l e c t r i c   loading  ( th i s   i s  

p a r t i a l l y   or  complete ly   f i l l i n g   the  waveguide  with  d i e l e c t r i c ) ,  

the  use  of  p e r i o d i c a l l y   spaced  m e t a l l i c   f ins   or  i r i s e s ,   o v e r s i z e  

waveguides   or  d i s c r e t e   phase  s h i f t e r s .   The  l a t t e r   is  u s u a l l y  

p r e f e r a b l e   in  view  of  a t t e n u a t i o n   loss ,   weight  a s s o c i a t e d   w i t h  



d i e l e c t r i c   or  p e r i o d i c   loading  and  overmoding  a s s o c i a t e d   with  an 

o v e r s i z e   waveguide.   If  the  i n d i v i d u a l   waveguide  r a d i a t o r s   are  o f  

s t a n d a r d   width  then  the  requi red   a d d i t i o n a l   phase  s h i f t   be tween  

s l o t s   which  is  needed  to  ensure  a p p r o x i m a t e l y   broads ide   r a d i a t i o n  

is  of  the  order  of  90°.  Since  the  s e p a r a t i o n   between  a d j a c e n t  

s l o t s   is  app rox ima te ly   one  free  space  wave length ,   s u f f i c i e n t   s p a c e  

is  a v a i l a b l e   for  the  i n s e r t i o n   of  an  i n d u c t i v e   post  phase  s h i f t e r  

between  s l o t s .  

In  the  array  22  the  s idewa l l   dimension  b  is  enlarged  t o  

normal  s i ze .   For  s lo t   a r rays   c o n t a i n i n g   no  phase  r e v e r s a l s   t h i s  

a r rangement   r e q u i r e s   that   the  waveguide  r a d i a t o r   be  even  more 

heav i ly   loaded  so  that   λg  approaches   λo/2.  While  r a d i a t o r s   a s  

used  in  the  a r rays   20  and  21  are  not  s u i t a b l e   for  use  i n d i v i d u a l l y  

those  of  the  a r ray   22  may  be  used  s i n g l y .  

The  ar ray  20  can  be  fed  in  the  way  shown  in  Figure  6.  A  f e e d  

waveguide  31  has  three   s lo t s   which  couple  into  b i f u r c a t e d   wave-  

guides  32,  33  and  34  by  way  of  3dB  power  s p l i t t e r s   35,  36  and  37 .  

Since  the  power  s p l i t t e r s   i n t roduce   a  90°  phase  s h i f t   between  t h e  

two  p o r t i o n s   of  each  b i f u r c a t e d   waveguide,   the  upper  p o r t i o n s  

inc lude   phase  s h i f t e r s   38,  39  and  40  to  give  the  1 8 0   phase  

d i f f e r e n c e   to  induce  the  "odd"  mode  in  the  waveguides.   The  p h a s e  

s h i f t e r s   may  comprise  shaped  d i e l e c t r i c   i n s e r t s   providing  9 0 °  o f  

phase  s h i f t   at  the  cen t r e -band   f requency  but  which  are  a l s o  

matched  to  the  waveguides.   Matched  loads  42  to  48  are  p r o v i d e d  

for  the  waveguides  31  to  34.  Other  r a d i a t o r s   according   to  t h e  

i n v e n t i o n   can  be  fed  in  s i m i l a r   ways .  

Arrays  21  and  22  are  more  ea s i l y   implemented  with  waveguide 

r a d i a t o r s   of  the  type  shown  in  Figures   2  and  4  s ince  loading  i s  

not  r e q u i r e d .   The  d i s t a n c e   S  between  s l o t s   in  each  r a d i a t o r   i s ,  

in  e f f e c t ,   λg/2,  and  for  the  ar ray  21  λg  should  equal  a b o u t  

twice  λo.  This  c o n d i t i o n   can  e a s i l y   be  met  for  example  by 

o p e r a t i n g   close  to  the  c u t - o f f   f requency  of  the  waveguide.  For 

the  array  22  if  d  is  allowed  to  become  equal  to  0.7  λo  then  λg 
should  be  app rox ima te ly   1.4  λo  which  again  can  e a s i l y   be  a r r a n g e d .  



It  wi l l   be  r e a l i s e d   that   there   are  many  other   ways  of  p u t t i n g  

the  i n v e n t i o n   into  e f f e c t   than  those  s p e c i f i c a l l y   d e s c r i b e d .   For 

example  the  s l o t s   in  the  septum  between  the  waveguides  can  be  of 

o ther   shapes  provided,   as  far  as  the  ar rangement   s i m i l a r   t o  

Figure   3  are  concerned,   the  e l e c t r i c   f i e l d   and  ad jacen t   s l o t s   a r e  

in  o p p o s i t e   d i r e c t i o n s .  

The  waveguides  may  be  f i l l e d   with  d i e l e c t r i c   or  may  be 

p e r i o d i c a l l y   loaded  to  reduce  the  guide  wavelength,   thus  m i n i m i s i n g  

the  g r a t i n g   lobe  problem  and  also  p e r m i t t i n g   frequency  scanning  of  

the  main  r a d i a t e d   beam.  The  s i dewa l l   s lo t s   and  the  septum  s l o t s  

may  be  c o n s i d e r a b l y   s h o r t e r   than  t h e i r   ' r e s o n a n t '   va lues   if  a 

p a r t i c u l a r   a p e r t u r e   f i e l d   shaping  is  d e s i r e d .   The  s lo t s   in  t h e  

waveguide  walls   may  extend  from  the  narrow  walls  into  the  b r o a d  

w a l l s .  



1.  An  e longa ted   waveguide  r a d i a t o r   which  in  cross  s e c t i o n   i s  

d iv ided   into  f i r s t   and  second  waveguide  po r t i ons   by  a  s ep tum,  

having  a  p l u r a l i t y   of  f i r s t   e longa ted   s lo t s   in  an  e x t e r n a l   wall  o f  

the  r a d i a t o r   each  of  which  extends  on  both  s ides   of  the  septum 

c h a r a c t e r i s e d   in  that   each  second  s lot   is  o r thogona l   to  the  l o n g i -  

t u d i n a l   axis   of  the  r a d i a t o r ,   and  a  p l u r a l i t y   of  e longa ted   second  

s l o t s ,   each  of  which  extends  from  a  c o r r e s p o n d i n g   one  of  the  f i r s t  

s l o t s   into  the  septum,  c h a r a c t e r i s e d   in  that  each  second  s lot   has  

a  l o n g i t u d i n a l   axis  which  is  i n c l i n e d   to  a  l ine  in  the  sep tum 

normal  to  the  l o n g i t u d i n a l   axis  of  the  r a d i a t o r ,   the  d i r e c t i o n   of 

the  angle  of  i n c l i n a t i o n   a l t e r n a t i n g   along  the  r a d i a t o r .  

2.  A  r a d i a t o r   accord ing   to  Claim  1  c h a r a c t e r i s e d   in  that   t h e  

angle  of  i n c l i n a t i o n   is  900 .  

3.  A  r a d i a t o r   accord ing   to  Claim  1  or  2  for  use  in  a  p r e d e t e r -  

mined  f requency   range  c h a r a c t e r i s e d   in  that   each  f i r s t   s lo t   i s  

between  a  q u a r t e r   and  half   a  free  space  wavelength  long  at  t h e  

cen t re   f requency  of  the  r a n g e .  
4.  A  r a d i a t o r   according   to  any  preceding  claim  for  use  in  a 

p r ede t e rmined   f requency  range  c h a r a c t e r i s e d   in  tha t   each  second  

s lo t   is  between  o n e - e i g h t h   of  and  half  a  q u a r t e r   of  a  free  s p a c e  

wavelength   long  at  the  cen t r e   frequency  of  the  r a n g e .  
5.  A  r a d i a t o r   according   to  any  preceding   claim  c h a r a c t e r i s e d   i n  

tha t   the  f i r s t   and  second  waveguide  po r t i ons   are  of  r e c t a n g u l a r  

i n t e r n a l   c r o s s - s e c t i o n .  

6.  An  antenna  ar ray  compris ing   a  p l u r a l i t y   of  waveguide  r a d i a t o r s  

c h a r a c t e r i s e d   in  that   each  r a d i a t o r   is  accord ing   to  any  p r e c e d i n g  

c l a i m .  

7.  An  antenna  array  compr is ing   two  or  more  e longa ted   waveguide  

r a d i a t o r s   each  of  which  in  cross  s ec t i on   is  d iv ided  into  f i r s t   and 

second  waveguide  po r t ions   by  a  septum,  has  a  p l u r a l i t y   of  f i r s t  

e longa ted   s l o t s   in  an  e x t e r n a l   wall  of  the  r a d i a t o r   each  of  which 

extends   on  both  s ides  of  the  septum  and  is  o r thogona l   to  the  l o n g i -  

t u d i n a l   axis  of  the  r a d i a t o r ,   and  has  a  p l u r a l i t y   of  e l o n g a t e d  

second  s l o t s ,   each  of  which  extends  from  a  co r r e spond ing   one  of  



the  f i r s t   s l o t s   into  the  septum,  c h a r a c t e r i s e d   in  that   the  s p a c i n g  

between  the  f i r s t   s l o t s   in  each  r a d i a t o r   is  s u b s t a n t i a l l y   e q u a l  

to  1 0  t i m e s   the  d i s t a n c e   from  any  f i r s t   s lo t   in  the  array  to  t h e  

n e a r e s t   ad j acen t   f i r s t   s l o t .  

8.  An  antenna  array  according   to  Claim  7  c h a r a c t e r i s e d   in  t h a t  

the  f i r s t   and  second  waveguide  po r t i ons   are  t o t a l l y   or  p a r t i a l l y  

f i l l e d   with  d i e l e c t r i c   or  con ta in   p e r i o d i c a l l y   spaced  m e t a l l i c  

f ins   or  i r i s e s .  

9.  An  antenna  array  accord ing   to  Claim  7  or  8  for  use  in  a 

p r e d e t e r m i n e d   f requency  range  c h a r a c t e r i s e d   in  that   each  f i r s t  

s l o t   is  between  a  q u a r t e r   and  half   a  free  space  wavelength  long  a t  

the  c e n t r e   f requency  of  the  r a n g e .  

10.  An  antenna  ar ray  accord ing   to  any  of  Claims  7  to  9  for  use  i n  

a  p r e d e t e r m i n e d   f requency  range  c h a r a c t e r i s e d   in  that   each  s e c o n d  

s l o t   is  between  o n e - e i g h t h   of  and  half   f ree   space  wavelength  l o n g  

at  the  c e n t r e   f requency  of  the  r a n g e .  

11.  An  antenna  array  accord ing   to  any  of  Claims  7  to  10  c h a r a c -  

t e r i s e d   in  tha t   the  f i r s t   and  second  waveguide  po r t ions   are  o f  

r e c t a n g u l a r   i n t e r n a l   c r o s s - s e c t i o n .  

12.  An  antenna  ar ray  accord ing   to  any  of  Claims  6  to  11  c h a r a c -  

t e r i s e d   by  means  for  feeding  each  said  r a d i a t o r   by  way  of  a 

r e s p e c t i v e   waveguide  feed,  each  said  r a d i a t o r   i nc lud ing   a  power 

s p l i t t e r   for  supply ing   s i gna l s   for  the  f i r s t   and  second  waveguide  

p o r t i o n s   from  the  waveguide  po r t ion   of  that   r a d i a t o r ,   and  a  p h a s e  

s h i f t e r   for  ensur ing   a  p rede te rmined   phase  d i f f e r e n c e   between  t h e  

f i r s t   and  second  waveguide  p o r t i o n s   of  that   r a d i a t o r .  

13.  An  antenna  accord ing   to  Claim  12  c h a r a c t e r i s e d   in  tha t   t h e  

p r e d e t e r m i n e d   phase  d i f f e r e n c e   is  1 8 0 ° .  

14.  An  antenna  array  compris ing  at  l e a s t   one  waveguide  r a d i a t o r  

having  s i dewa l l   s l o t s   which,  in  o p e r a t i o n ,   r a d i a t e   and  t o g e t h e r  

g e n e r a t e   a  r a d i a t i o n   p a t t e r n   which  is  s u b s t a n t i a l l y   free  o f  

g r a t i n g   l o b e s .  
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