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Meta l Grid Angular Filters
For Sidelobe Suppression

I. I~ TROJ )t~CTION

This  report  describes the theoretical  analysis and prel iminary experimental

measurements  of ~ m e t a l  gr id  angu lar  f i l t e r .  Previous invest igat ions t have led to

the  development of d i e l ec t r i c  layer f i l t e rs  w i th  angle-selective properties for side-

lobe suppression.  A d ie lect r ic  f i l t e r  is composed of layers of high dielectric

- 
- m a t e r i a l  separated by a i r  spaces , and having d ie l ec t r i c  constants chosen to pro-

vide good t r a n s m i s s i o n  of electromagnetic energy throughout a selected angular
• pass band and strong ref lect ions for  energy incident at other angles.

D i e l e c t r i c  f i l t e r s  were  investigated f i r s t  because of t he ir  computat ional  sim-

p l ic i ty .  They have been shown to achieve 2’ ~ 10 to 20 dB sidelobe rejection over

res t r ic ted  angular  sections , and to behave in accordance wi th  theoretical predic-

t ions . Unfor tunate l y, they have a number of disadvantages that  l imi t  the i r

(Received for publicat ion 29 January 1979)

1. Mail loux , R . J .  ( 1976)  Synthesis  of spatial  f i l ters  wi th  Chebyshev characteris-
t i c s , IEEE Trans. AP -2 4 (N o .  2) :  174- 181 .

2. Mailloux , R , J . , Zahn , L. , Mar t inez , A. , and Forbes , G. (1976) Mult iple
Mode Control  of Gra t ing  Lobes in Limi ted  Scan A rr ay ,~~ RADC-TR-76-307 ,
In House Report .

3. Pozgay, ,J .H . , Zamosciany k , S. , and Lewis , L .R .  (197 6)  S)mthesis of Plane
St ra t i f ied  Dielectric Slab Spatial  F i l te rs  Using  Humerica l  Op t imiza t ion
Techniques , R A D C- T R - 76 -4 0 8 , F ina l  Technical  Repor t .
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prac t i ca l i ty,  These include excessive d ie lec t r ic  weight and cost , fabricat ion dif-
f i cu l t i e s  in obtaining adequate mechanical tolerance, and d ie lec t r ic  inhomogeniety.

In addi t ion , these f i l t e r s  s u f f e r  f rom a number of features  related to the electr ical

properties of the d ie lec t r ic .  These include polar iza t ion  sens i t iv i ty  and Brews te r
angle phenomena.

The obvious remedy for some of these def ic iencies  is to subst i tu te  meta l l ic

grids in the place of the d ie lec t r ic  layers .  There are a number  of ways in which
• this  could be done , and indeed there  is some his tory  to the use of me ta l l i zed  grid

s t ruc tu re s  as angular and a f requency f i l t e rs .  The procedure addressed in this

report possesses c hr r a c t e r i s t i c s  that  lead to extremely steep f i l t e r  sk i r ts  and so

offers excel lent  sidelobe control w i t h  reasonable bandwidth  c h a r a c t e r i s t i c s.
This report d i scusses  the  synthesis and anal ysis of metal  grid f i l t e rs .  For

the purposes of synthesis, the g r id s  are character ized as shunt  susceptances
across the wavefront  of some inc ident  plane wave.  Fi gure 1 ~how~ a f i l t e r  s t r uc  -

tu re  for a l inearly polarized incident  wave and the f i l t e r  equivalent  c i r c u i t .
Obviously, the grid could be made of perfora ted metal  sheets such as has been
used for radome design , and the t r ansmiss ion  line cha rac te r i za t ion  and synthesis
procedure would be unchanged. This equivalent  c i rcu i t  is used for synthesis  onl y.
The analysis of f i l te r  behavior is performed including all e lec t romagnet ic  param-
eters. Among the features charac ter iz ing  this  synthesis  procedure , the d is t in -
guishing feature is that it u t i l i zes  the electr ical  length var ia t ion  of the grid separa-
tton to produce angu lar  sensi t ivi ty ,  as d i st ingu i shed  from techniques proposed by
Ortusi 4 and by Rope et al , who u t i l i ze  the change in grid d i f f r ac t i on  to produce
angular sens i t iv i ty .  Ortusi  relies upon the va r i ab i l i t y  of grid d i f f r a c t i o n  as a
function of angle to produce collinat ion of an incident  spherical  wav efront , but the
technique described here serves merely to reject incident r ad ia t ion  if it is outs ide
of the prescribed t ransmission sector . Rope et al cascade m e t a l l i c  grid st r u c tu r c ’ s
coated to obtain hi gh t r ansmi t t ance  at incident  ang les below 30°, but then  decreas-
ing t ransmit tance for greater angles. In th is  case , each layer is an angula r  f i l t e r ,
and the cascaded combination of layers is chosen to op t imize  far  sidelobe suppres-
sion. The f i l ters  described in the present anal ysis consist of layers  w i t h  r e l a t i ve ly
low broadside t r ansmiss ion  and character ized by high n o r m a l i z e d  susceptances .
The design emphasizes s ign i f icant  sidelobe suppression for angles well  below 30°

as made available using the high broads ide susceptances and conventional band pa5s
frequency f i l ter  synthesis.

4 . Ortusi , et al (1976) U .S .  Patent No. 2 ,ifi,~~ 860.
5. Rope , i:. L. , Tricoles , G. , Yue , 0. C. (1976)  Mata l l i c , angu lar  f i l t e r s  for

a r r a y  economy, IEEE AP ’- S Intl .  Symp., Di gest , p lFc~- 1.57 .
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2 3  \ tii ,se ri ral and Eusperi inental St ud ie11 oF Filter Ilehat’ ior

The f inal  step  in the synthesis  process is d e t e r m i n a t i on  of a meta l  st r i p

geo m e t r y  to present a specif ied shunt  susceptance  to the incident  waves.  Figu re 3

shows the  susceptance of a single grid computed u s ing  the analysis  of the last

sect ion , for a grid wi th  various s tr i p  w i d t h s  “ a” and periods “d~
t t . These curves

an’e used to select the  proper susceptances subject to the  condition that  all gr ids

have the same period or , as in the case studied in the  expe r imen t , have commen-

sura te  periods . The chosen four grid f i l ter  examp le uses equal s t r i p  w i d t h s  for

each grid and the two cen t ra l  grids have a period one half  that  of the outer  grids.

For the purpose of compu ting  f i l t e r  per -formance  using Eqs. (8) and (9) , t h i s  f i l t e r

is considered a six grid des ign w i t h  two grids d i sp laced hal f  a period to e f fec tive l y

half the per iod of the central gr ids.

Input data, no rmal i z ed to wave lengt h , are given below

a 1 
0.0315 x 1 

= 0.0 0.0

a2 
0.03 15 x2 0.453 

~2 
- 0 .0

a3 0.0315 x3 
0.453 y3 

0. 0933

a4 
0.0315 x4 

0.934 y4 0.0

a = 0.0315 x5 = 0. 934 y 5 0. 093 3

a6 
0.03 15 x6 = 1.387 y6 0. 0

Figure 3 shows that the normalized susceptances for inner and outer grids is

-13 and -4, respect i v e l y,

The transmiu sion properties of this filter including inter-grid coupl ing and

diffract ion are shown in I” igure 4 as a function of the conventional direction cosines

along the z-ax is (v) and the y-axis (u). For the given inc ident wave, the f i l te r

transmission is l inearl y po la r t zed  and a lmo st  per fec t l y c t r c ula r  in u, v space down

to 30 dE rejection. This symmetry illustrates that although this computat t on includes

d i f f ra ct ion , the se e f f ec t s a re nea rly negligible for the present filter . In add i t ion , the

resutt~ shosa that the broadside susceptance is adequate for the purposes of 
synthe-

sis. Figure 5 shows preliminary measured characteristics of the filter in front of

a smal l  horn antenna. In th is case the hot-n has such a wide element pattern (shown

do t t ed )  tha t  the d i r e c t i o n a l  pa t t ern  is , in e f f ec t , the angular t ransmission charac-

t e r i s t i c  of the f i l t e r .  The dashed curve is radia t ion t h r o u g h and around a f i l te r

tha t  h~ s ru absorber to con ta in  the  d i r e c t  r a d i a t i o n  f rom the  wavegu ide feed. This

fi gure  d e m o n st r a t e s  tha t  the f i l t e r  r e f l e c t - i  most  of the energy incident  at ang les

corresponding to i ts  -stop band , and t h a t  most of this radiation can be suppressed

hy add ition of absorbing  m a t er i a l  tha t  surrounds the source antenna and filter edges.

The fil ter t -u p r s ’ - i s ’nt ~~ t l  in Figure 5 is approximatel y three  feet square and about

three incite-s thick at x-band. The inset-lion h i t s  w i t h ou t  absorber , averages

approximately 1/2 dB. Addition of the absorber  increased this loss s o t i i c w h a h  be-

cause it i n t e r cep t s  some of the edge t - ;t v - i .
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Fi gure 7. Rad iation Characteristics of Distor ted  Parabola and
Small Filter

f i l ter, which is on the order of several tenths of a dB , but instead resu l t s  from

the finite filter size and t runcat ion of the aperture i l luminat ion as indica ted  in

Section 1, combined wi th  the e f fec t s  of tolerance errors.

The parabola is a far larger aperture than the previous horn feed, and the

resulting pattern of the parabola in combinat ion w i t h  the  f i l t e r  c lear l y demon-
st ra tes  s idelobe reduct ion.  To date , there  is no comparable data  for the large r
filter which is s t i l l  in an early stage of development .

:i, co’~(;i,t s~o’~

This report  has presented theore t i ca l  and expe r imen ta l  data  showing the  s i de -  H

lobe suppression proper t ies  of meta l l ic  grid angu la r  f i l t e r s .  The procedure  s r
f i l t e r  design is br ie f l y described and is essent ia l ly equ iva len t  to the s~~n thes i s  of

waveguide bandpass f i l t e r s  w i th  induc t ive  suscep tance  e lements .  The report
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