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[54)  Phase-shift  control  for  a  phased  array  antenn; 
  In  a  phase-shift  control  for  a  phased  array  antenna  the 
antenna  modules  are  arranged  in  rows  and  columns.  The 
phase  shift  control  is  provided  with  central  computing 
means  for  calculating  from  the  beam  direction  to  be 
determined  and  the  frequency  of  the  energy  emitted,  the 
terms  in  the  mathematical  expression  for  the  phase  setting 
for  the  separate  phase  shifters  in  the  antenna  modules, 
which  terms  are  the  same  for  all  phase  shifters,  and  a 
computing  chip  present  in  each  antenna  module  for  deter- 
mining  the  desired  phase  setting  from  the  terms  determined 
by  the  central  computing  means  and  the  position  of  the 
separate  phase  shifters  in  the  array. 



The  invent ion  r e l a t e s   to  a  phase  s h i f t   cont ro l   for  a 

phased  array  antenna,   whereby  the  antenna  modules  comprising  t h e  

phase  s h i f t e r s   are  arranged  in  rows  and  columns,  which  phase  

s h i f t   control   is  provided  with  computing  means  for  c aLcuLa t ing  

the  des i r ed   phase  s e t t i n g   for  the  s epa ra t e   phase  s h i f t e r s   from 

at  Least  the  beam  d i r e c t i o n   to  be  de te rmined ,   the  f requency  of  

the  energy  emi t t ed ,   and  the  p o s i t i o n   of  each  phase  s h i f t e r   in  t h e  

a r r a y .  
Such  a  p h a s e - s h i f t   cont ro l   is  known  from,  for  example ,  

M.I.  Skolnik ,   " I n t r o d u c t i o n   to  Radar  Systems",   2 n d  e d . ,   McGraw-Hill 

Kogakusha,  Ltd . ,   1980,  p.  323,  where  the  phase  s h i f t   for  t h e  

r e s p e c t i v e   antenna  modules  is  determined  in  a  b e a m - s t e e r i n g   computer .  

If  these  phase  s h i f t s   must  be  determined  for  each  radar  p u l s e  

e m i t t e d ,   an  e x c e p t i o n a l l y   Large  computer  c apac i ty   will   be  r e q u i r e d  

for  the  usua l ly   Large  number  of  antenna  modules.  This  capac i ty   can 

be  Limited  by  r e f r a i n i n g   from  a  phase  s e t t i n g   per  pulse  and 

enabl ing   th is   s e t t i n g   a f t e r   each  t r a n s m i s s i o n   of  a  given  p u l s e  

s e r i e s   or  by  performing  the  phase  s e t t i n g   in  accordance  wi th  

c e r t a i n   p a t t e r n s .   The  p resen t   inven t ion   has  for  i t s   objec t   t o  

provide  such  a  p h a s e - s h i f t   con t ro l   that   with  a  s t r o n g l y   reduced  

computer  capac i ty   s t i l l   a  phase  s e t t i n g   per  pulse  and  per  an t enna  

module  can  be  a c h i e v e d .  

According  to  the  i n v e n t i o n ,   the  computing  means  t h e r e t o  

comprises  cen t ra l   computing  means  for  c a l c u l a t i n g ,   from  the  beam 

d i r e c t i o n   to  be  determined  and  the  frequency  of  the  energy  e m i t t e d ,  

the  terms  in  the  mathematical   express ion   for  the  phase  s e t t i n g ,  

which  terms  are  the  same  for  al l   phase  s h i f t e r s ,   and  a  computing 

chip  p resen t   in  each  antenna  module  for  de te rmin ing   the  d e s i r e d  

phase  s e t t i n g   from  the  terms  determined  by  the  c e n t r a l   computing 

means  and  the  pos i t i on   of  the  s epa ra t e   phase  s h i f t e r s   in  the  a r r a y .  
The  complete  computer  p rocesses   to  be  performed  are  t h e r e f o r e  

s p l i t   into  processes   performed  c e n t r a l l y   and  p rocesses   pe r fo rmed  

l o c a l l y ,   i . e .   on  antenna-module  LeveL. 



If  in  a  Car tes ian   coo rd ina t e   system  the  x-  and  y - a x e s  
determine  the  antenna  plane  and  the  z -ax i s   the  antenna  main  a x i s  

and  it  is  assumed  that   the  beam  d i r e c t i o n   makes  an  angle  0 

with  the  z - ax i s   and  that   the  p r o j e c t i o n   of  the  beam  d i r e c t i o n   on 

the  x-y  plane  makes  a n  a n g l e  ϕ   with  the  x - a x i s ,   then  for  p h a s e  

d i f f e r e n c e s  ψ   and ψy  between  the  phase  s h i f t e r s   ad jo in ing   t h e  

x-  and  y - d i r e c t i o n s :  

where  d1  is  the  d i s t a n c e   between  two  antenna  modules  in  t h e  

x - d i r e c t i o n   and  d2  the  d i s t ance   between  two  antenna  modules  i n  

the  y - d i r e c t i o n .   If  a l l   antenna  modules  in  the  x-y  plane  a r e  

arranged  above  and  next  to  each  o t h e r ,   then  for  the  phase  s h i f t  

for  antenna  module  m,n:  

If  on  the  other   hand  the  rows  of  antenna  modules  are  s h i f t e d  

a l t e r n a t e l y   a  d i s t a n c e   of  1 2d1  in  the  x - d i r e c t i o n   with  respec t   t o  

each  o the r ,   t h i s   phase  sh i f t   wiLL  b e :  

while  ma in t a in ing   the  row  and  column  c o n f i g u r a t i o n   in  the  a r r a y .  

For  s i m p l i c i t y ,   the  f i r s t   s i t u a t i o n   in  the  array  wiLL  be  c o n s i d e r e d  

here,   so  t h a t  

In  the  case  of  using  a  space- fed   phased  array  antenna,   e i t h e r   a 

Lens  array  or  a  r e f l e c t   a r r ay ,   a  c o r r e c t i o n   must  be  made  in  t h e  

express ion   f o r  ψ m , n  .  Th i s   c o r r e c t i o n   allows  for  the  change  from 

a  s p h e r i c a l   to  a  plane  phase  f r on t .   To  th i s   e f f e c t ,   the  t e rm 

2π λ  Cm,n  is  inc luded   in  the  exp res s ion   f o r  ψ  
m,n  .  

For  the  change 

from  a  purely   s n h e r i c a l   to  a  plane  chase  f r o n t .  

where  p  is  the  d i s t ance   between  t h e  



centre   of  the  horn  r a d i a t o r   or  other  r a d i a t i n g   element  and  t h e  

antenna  p lane .   Such  a  purely  sphe r i ca l   phase  front   is  not  p r e s e n t  

in  p r a c t i c e .   Since  the  Cm,n  values  are  found  to  be  f r e q u e n c y -  

dependent  and  no  mathematical   r e l a t i o n s h i p   between  Cm,n  and  t h e  

frequency  can  be  i n d i c a t e d ,   Cm,n  values  for  d i f f e r e n t   f r e q u e n c y  

i n t e r v a l s   must  be  e s t a b l i s h e d   e m p e r i c a l l y .  

During  scanning  with  the  antenna  beam  at  c e r t a i n  

e l e v a t i o n s   it  is  sometimes  d e s i r a b l e   to  widen  the  beam.  Th is  

r equ i r e s   the  i n t r o d u c t i o n   of  an  a d d i t i o n a l   phase  sh i f t   ε m , n  ; 

c o n s e q u e n t l y ,   no  plane  phase  front  is  formed,  but  say  a  q u a d r a t i c  

phase  f r o n t .  

For  phase  sh i f t  ψm,n   the  r e l a t i o n s h i p   is  now: 

where  B=0  if  no  beam  widening  is  app l i ed ;   if  a p p l i e d ,   B=1. 

K  is  a  c o n s t a n t .   It  is  known  to  c a l c u l a t e   th i s   phase  s h i f t   f o r  

each  antena  module  s e p a r a t e l y   in  a  beam-s t ee r i ng   compute r .  

According  to  the  i n v e n t i o n ,   the  caLcuLation  is  however  s p l i t   i n t o  

p rocesses   performed  c e n t r a l l y   and  p rocesses   performed  LocaLLy  i n  

each  antenna  module.  In  the  case  of  centraLLy  performed  p r o c e s s e s ,  

the  r e s u l t s   can  be  fed  to  all   antenna  modules  s i m u l t a n e o u s l y .  

The  terms  a  = K λ  d1.cosϕ . s in@,  b  =  K λ  d2 . s inϕ . s in@  and 

c  = X  can  be  c a l c u l a t e d   c e n t r a l l y .   Entry  of  the  values  d=m,  e=n ,  

f=Cm,n  and  g=εm,n  into  the  computing  chip  of  each  antenna  module 

is  done  once  only,   Leaving  in  each  chip  only  the  c a l c u l a t i o n   o f  

The  d,  e,  f  and  g  values  can  be  s tored  permanently  in  each 

computing  chip;  they  can  however  also  be  suppl ied   by  the  c e n t r a l  

computing  means  each  time  before  the  array  is  a c t i v a t e d .   In  such 

a  case,  the  B-vaLue  can  be  supplied  as  well;   it  is  also  p o s s i b l e  

to  enter   th is   value  s e p a r a t e l y   or  s i m u l t a n e o u s l y   with  the  a,  b  a n d  

c  values  when the  array  is  in  the  ac t ive   mode. 



The  d i v i s i o n   between  c e n t r a l l y   and  LocaLLy  per formed 

p rocesses   may  be  e f f e c t e d   other  than  d e s c r i b e d   above.  For  i n s t a n c e ,  

the  values  a  =  cosϕ .s in@,  b  =  sinϕ .sin@  and  c  = 1 λ  can  be 

determined  centraLLy  and,  a f te r   entry  of  the  values   d  =  K.m.d1,  

e  =  K.n.d2,   f  =  K.Cm,n  and  g  = εm,n  in  the  r e s p e c t i v e   computing 

ch ips ,   the  phase  s h i f t  ψ m , n   =  c . { a . d   +  b.e  +  f}  +  B.g  l o c a l l y ,  

or  the  values  a  = 1 λ  cosϕ .sin@,  b = 1 λ  s inϕ . s in@  and  c  = 1 λ 

centraLLy,   and  a f t e r   entry  of  the  values  d  =  K.m.d1,  e  =  K . n . d 2 ,  

f  =  K.Cm,n  and  g  =  εm,n  into  the  computing  ch ips ,   the  phase  s h i f t  

ψm,n =  a.d  +  b.e  +  c.f   +  B.g  LocaLLy. 

The  i nven t ion   wiLL  now  be  d e s c r i b e d   with  r e fe rence   t o  

the  accompanying  f i g u r e ,   showing  a  block  diagram  of  an 

embodiment of the  p h a s e - s h i f t   control   in  accordance   with  t h e  

i n v e n t i o n .  

In  th i s   f i g u r e ,   the  numeral  1  r e p r e s e n t s   the  c e n t r a l  

computing  means.  The  computing  chip  of  each  antenna  module  i s  

d e s i g n a t e d   by  2  and  the  a s soc i a t ed   phase  s h i f t e r   by  3.  The  a n t e n n a  

modules  are  thus  formed  by  the  elements  2  and  3  j o i n t l y .   The  d a t a  

t r a n s m i s s i o n s   from  the  cen t r a l   computing  means  1  to  the  s e p a r a t e  

antenna  modules  2,  3  are  routed  via  the  b u f f e r   elements  4  by 

means  of  the  a d d r e s s i n g   c i r c u i t   5 .  

Reading  of  the  values  d  =  m ,  e  =  n ,  f  =   Cm,n  and  g  =  εm,n  

into  the  s e p a r a t e   computing  chips  takes  p lace   before   the  a r r a y  

antenna  assumes  the  ac t ive   mode.  The  d - v a l u e s   are  the  same  for  t h e  

antenna  modules  Lying  in  a  column.  ALL  b u f f e r   elements  4  a r e  

t h e r e f o r e   fiLLed  with  a  c e r t a in   m-value  from  the  cen t r a l   comput ing 

means.  The  e -va lues   are  the  same  for  the  antenna  modules  Lying  i n  

a  row.  To  enter   these  va lues ,   aLL  buf fe r   e lements   4  are  f i l l e d  

with  the  same  n-value   from  the  cen t r a l   computing  means,  namely 

m  s u c c e s s i v e   times  with  a  new  n -va lue .   The  f-  and  g-values   a r e  

d i f fe ren t   for  each  antenna  module.  To  en te r   these   va lues ,   the  b u f f e r  

e lements   are  fiLLed  m  success ive   times  with  a  c e r t a i n   C  o r  
m,n 

εm,n  value  from  the  c en t r a l   computing  means.  In  al l   c a s e s ,  



the  address ing  c i r c u i t   5  ensures  that   th i s   in format ion   i s  

entered  i n t o t h e   antenna  modules .  

Since  the  Cm,n  values  are  f r e q u e n c y - d e p e n d e n t ,   it  i s  

p r e fe rab l e   to  enter   severa l   of  such  values  in  each  an tenna  

module  to  ensure  t h a t ,   whenthe  array  is  in  the  ac t ive   mode,  an 

appropr i a t e   Cm,n  value  is  avaiLabLe  for  the  LocaLLy  per formed 

caLcuLations  with  each  f requency  change .  

With  the  array  antenna  in  the  ac t ive   mode,  the  v a l u e s  

a  = K λ d1.cosϕ.sin@,  b  = K λ  d2 . s inϕ . s in@  and  c  =  K λ'  suppl ied  t o  

the  antenna  modules  each  t ime,  are  the  same  for  all   an tenna  

modules.  The  buf fe r   e lements   4  are  fiLLed  s u c c e s s i v e l y   with  t h e  

same  a-,  b-  or  c -va lue   from  the  cen t r a l   computing  means  1,  w h i l e  

the  address ing   c i r c u i t   5  again  ensures  that   th is   in format ion   i s  

entered  into  the  r e s p e c t i v e   antenna  modules.  During  the  t r a n s -  

mission  of  a  radar  pulse  and  the  L is ten ing   to  an  echo  t h e  

a-,  b-  and  c -va lues   for  a  subsequent   radar  pulse  are  entered  i n t o  

the  antenna  modules.  In  the  dead  time  before  the  t r a n s m i s s i o n   o f  

the  next  radar  p u l s e ,   only  a  command  s ignal   is  sent  to  a l l  

antenna  modules  s i m u l t a n e o u s l y   in  the  same  way  as  the  a-,  b-  and 

c -va lues ,whereupon   the  ar ray  switches  to  the  newly  s e l ec t ed   beam 

d i r e c t i o n .  



1.  P h a s e - s h i f t   con t ro l   for  a  phased  array  antenna,   whereby 

the  antenna  modules  compris ing  the  phase  s h i f t e r s   are  a r r a n g e d  

in  rows  and  columns,  which  phase  s h i f t   con t ro l   is  provided  w i t h  

computing  means  for  c a l c u l a t i n g   the  d e s i r e d   phase  s e t t i n g   f o r  

the  separa te   phase  s h i f t e r s   from  at  Least  the  beam  d i r e c t i o n  

to  be  de te rmined ,   the  f requency  of  the  energy  emi t ted ,   and  t h e  

pos i t i on   of  each  phase  s h i f t e r   in  the  a r r a y ,   c h a r a c t e r i s e d   in  t h a t  

the  computing  means  comprises  c e n t r a l   computing  means  f o r  

caLcuLating  from  the  beam  d i r e c t i o n   to  be  determined  and  t h e  

frequency  of  the  energy  e m i t t e d ,   the  terms  in  the  m a t h e m a t i c a l  

express ion   for  the  phase  s e t t i n g ,   which  terms  are  the  same  f o r  

all   phase  s h i f t e r s ,   and  a  computing  chip  present   in  each  a n t e n n a  

module  for  de te rmin ing   the  des i r ed   phase  s e t t i n g   from  the  t e r m s  

determined  by  the  c e n t r a l   computing  means  and  the  p o s i t i o n   of  t h e  

separa te   phase  s h i f t e r s   in  the  a r r a y .  

2.  P h a s e - s h i f t   con t ro l   as  claimed  in  claim  1,  whereby 

a  space-fed  phased  array  antenna  is  a p p l i e d ,   c h a r a c t e r i s e d   i n  

that  f r equency -dependen t   c o r r e c t i o n   v a l u e s ,   required  for  t h e  

phase  s e t t i n g   of  the  phase  s h i f t e r s   i n d i v i d u a l l y   and  the  change 

from  a  s p h e r i c a l   to  a  plane  phase  f r o n t ,   can  be  entered  into  e ach  

computing  c h i p .  

3.  P h a s e - s h i f t   con t ro l   as  claimed  in  claim  1  or  2 ,  

c h a r a c t e r i s e d   in  that   a  c o r r e c t i o n   va lue ,   required  for  the  p h a s e  

s e t t i n g   of  the  phase  s h i f t e r s   i n d i v i d u a l l y   and  the  beamwidth 

s e t t i n g ,   can  be  en te red   into  each  computing  c h i p .  
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