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in {his paper the design and pcrformanc.c  of q siIIglc screen frcqu  cIIcy select ivc

surface (l”;SS)  with grid(lcd  square loop patch  clcmcnk  alc dcscribcd  for diplcxing  the X-

and Ku- band signals in an orbiting VcI.y IJong IIasclinc  Intcrfcromctcr  (OVJ ,1;1) earth

station reflector antenna systcm. 1 {xccllcnt  agrccmc.llt is obtained bcl~vcc.11 the prc.dieted and

measured rcsu]ts.  This validates the 1/SS dc.sign using  the. p,riddcd  square. clcmcnt.  As the

f,rid is sandwichd  bctwccll  two 0.035” thick ‘1’cflon (or l’”l’l;l;) slabs, the rc.sonant  frequency

drift is rcduccd by J GIIz with the incidc]lt  ang]c stc.ucd from nornlal  to 40°.



OrbitiJ]g  Very  l..ong IIasclinc Intcrfcromctcr  (OVJ ,]11) is a new branch  of radio

as!rononly,  involving cxtc.nsion  of tllc V] .1]1 tccl]niq~lc  to include radio  tc]c.scopes placd

in orbit  around tllc.  cart]]. ‘1’ypically, V] ,131 involves simll]tanc.ous Ol)sc.rvations  from widely

sc.parated  radio tclcscopcs,  followed by corrc.]atioll of tllc.  signals rcc.c.ivcd  at cacll  lc]cscopc

in a central processing facility, V] ,Dl has been an im])ortant  Icchniquc. in radio astronomy

for over 20 years bccausc  it prodNccs  images whose angular resolution is far l~igl]cr tlla]l

tl]at of ally otllcr  tccl]niquc.

Chrrc.ntly,  tl~c Natic)n al l<adio Ast ronomical  Obscrvatory  (IN J<AC1) is construct in: an

c.arth station at Grcc.n IIank,  Wc.st  Virginia tc) communicate, Ivitll two OVI-,131  sate.llilcs, i.e.,

tl]c Russian RAlll OASrl’I{oh~  and llIC VJ.131  Space observatory  l)rojcct  (VSC)l’) by Japan,

as illustrated in I;igurc  1. ‘Hlc frequency allocations for tllc.  Co]ll]llllllic.:ttioll bc.twwc]l  this

ca]tll  station and tl~e two satellite.s arc in tllc.  X- and K~]-ba]Jds,  as dc,scribc(l in ‘J’able 1. ‘1’o

meet tl]is dual-band c.o]llllllll~icatio]l  rc,c]uircnlcnt,  tllc ]Illllti-]c.flccto]  antenna will] a flat

pane.1 frc.c]uc.ncy  Select ivc surface. (1 ‘SS) m dicl]roic., a s  sllo~vn  in l~i:u]c.  2,, has b e e n

proposed. 111 this configuration, tllc flat l:SS .sIlould bc dcsig]lcd to rcf]cct  Ku-band signals

(13.5  to 15.S Glly,) and to pass X-band  si~na]s (7 to 9 GIIz). 13ccausc.  tl)c. satclli[c  link is

in circular polari7.ation,  tllc 1;SS must llavc similar response, to lc.ft - and rip,l]t-  l]and circular

])olari7,alions  (1 ,IICI’ and 1<11{;1’),  and by extension, to transvc.rsc electric ancl transverse

magnetic (’J’E and ‘J-M) incidcncc.  IU ordc.r to rcduc,c tllc,  ante.nlla’s noise tcmpcraturc,  tllc.

1<1: insertion loss (includillg  tllc ohmic loss) of tllc 17SS sllou]d also bc minimized for

incident ang]c  range, from normal  to 40°.

111 tllc past, tllc cross-dipole patc]l clcmcnt l;SS was used for tllc subrcflcctor  dc.sify



in tllc rcflcdor  antennas of Voyager [1] for rc.flcding  Il)c X-band  waves and passing tl]c S-

band  waves, and tl~c  ‘J’racking and IIata l<clay  Sate.llitc Systcm (1’1]1{SS)  for diplc.xing  tl]c

S- and Ku- band waves [2]. ‘J’hc, daractcristics  of tllc cross-dipo]c  clc.mcnt }’3S cl]aIlgcs

drastically as tllc illcidcnt  anp,lc is stccrcd frmll normal to 40°. ‘Jlus a large band  separation

is required to millinlizc  the ]{]; ]OSSCS fol” these dual band  applications. ‘] ’]lis is c.vidcnccd

by tllc reflection and transmission band  ratio (fI/f,) bcin~, 7:1 for sillglc scrccn  l:SS [?,] or 4:1

for double scrccn  FSS [1 j \vitll cross-dipo]c  patc]l clc.mcnts. IIc.ttc.r clcmcnts  arc. definitely

nccdcd  to achicvc  smal]cr  flcc]~lcl~cy-l}al~(l  s e p a r a t i o n s  (fJft = 14 .5 /8 .0  = 1 .8) and IC.SS

sc.nsitivity  to the incident angle variation as state.d in the above mc.lltic>llcd  I’c.clllilclllc]lts.

1’3Ss with gricldcd  square loop patc]l c.lc.mc.nts  [3], as shown in Iiigurc  3, llavc been

dc.signed for frequency-band rat io (f,/f,) from 3.5 to 2. ‘J ‘J]c rcsona]lt  fmqucncy  is f:lirly stab]c

with respect to cl)angcs  in tllc incident ang]c and polariy,ations. ‘1’lIC grid gc.omctry i s

symmetrical in Il)c x and y directions. ‘J’llis imp]ics  that it is also good for circular

polariy,ations. Thcrcforc,  Ihc griddcd  square  loop liSS w a s sclcctcd  for tll is specific

al)nlic,ation.  ‘J’l]c, l;SS dcsipn  aIId its I)c, rforlnancc  arc. (le. sc.ribc,  d ill tl]e, follmvillp  sm,tiolls.,, ‘> 1 c7--

‘J’l~ill Scrcwn l)csi~n  AppJ.oncII

‘1’0 minimize the ohmic  loss, tile.  conducting griddc.d  squ arc loop patcllcsj  as shown

ill l;igurc 3, were printed on a thin Kapton  film (with 0.003” tllicknc,ss,  3,5 dielectric constant

and 0.01 loss tangent). ‘1’llc  grid dime.nsions arc give.n ill ‘1’able ?,, Ti]is thin sc.rc.c.n  FSS can

bc. supported by a fibclg]ass  frame c~r by a rigid and 1<1~-tlaIlsI):ilcIlt foam block. “J Ilc

analysis and design of this griddcd  square loop 1;SS arc base.d on tllc accurate and versatile

1 integral equation tccllniquc  with subdomain  expansion fllnctions  dcscribd  ill [4].



‘J’llc prcdictcd  transmission pe.rfonna  ncc of this {11’in scrccn  griddcd  squ arc loop liSS

is illustrated in lri~urc  4 as a function of Illc incident an~,]c  and frequency for botl~  ‘1’1; and

‘I’M polarimt ions. l~igu]cs 5 and 6 SI1OW  the good agrc.cmcnl  rcprcscn tat ivc.ly bctwccn  tl]e

prcdictcd and measured performance at @li = 30° wit]] ‘1’1 i an(l ‘J’M polarizat  ion, rcspc.ct  ivc]y,

“J’llis  verifies tl)c griddcd  square loop l:SS’s dcsif,ll approach  as well as Illc accuracy of Illc

design software. ‘1’able 3 summariy.cs tl~c computc,d RI; IOSSCS of this tl~in  dichroic.  ‘1’l)c loss

al 7, 8 and 9 C~IIz is tllc transmission loss, and tllc 10ss at 13.5, 14. S and ~5.5 CYHZ is tllc

rcflcctioll  loss.

]lll])~O\’C!(]  ])C.Si~ll A])])~oiicl)

Notice in ljigurc 4 tl~c. rcsonal~t frc.qucncy shifts about 1.5 Gllz as tl~c incident anf,lc

is stccrcd from normal to 40°. I Iowcwcr, it. was found  that,  by diclcctrical]y  loading tllc thin

l:SS, onc can stabilize tllc resonant frc.qucncy drift duc to variations in tile incident anclc

and tllc field polariz,alicm  [5-8], ‘llcrcforc,  this thin  scrccn  }“SS may further bc sandwiched

bctwccn  two low loss tc.flon (or PP1’J”;R) slabs (with 2.2 dielectric constant ancl 0.005 loss

tangent), as ilhstratccl  in l;ig,llrc 3, to rcducc tllc resonant frequency drift (0] cn]argc  tllc

reflection bandwidth). llllc to tllct  dielectric loading, tllc grid dimensions arc scaled  down

as listed in “J’able, 2, for this dcsig, n. l;i~,urc,  7 snows tllc prdictd transmission pc.rformancc

wl~cn tl~c  grid is sandwic]]cd  bctwccn  two 0.035” tl~ick  tcflon  slabs. l~i~,urcs  8 and 9 sl~ow

Yc.j)rcsclltat  ivcly tllc good ap,rc.clncllt  bctwccl~ tllc ])rcdictcd  and measured rcs~llts  at C)i =

30° for “1’1 ~ and TM polarizatiollj  rcspc.ctivc]y.  Not c. tl]c resonant frcq~l  c.ncy sl~ift  for tl]is ncw

design is rcduccd  to less tl]an 1 C;IIZ as t}lc incident angle is stc.crcd from normal  to 40°.

‘1’ab]cs  5 and 6 summariy.c tllc measured 0,5 d]) and 20 dlt  t ransmiss ion loss



bnndwidtl~,  rcspcdivcly,  for botl]  tllc Illin and tllc sandlvicb l;SS, hTotc that tllc f r e q u e n c y

band with a 20 d]] transmission 10ss is Inc. l;SS’s rcflcctio])  band  bccallsc  most tllc incidcwt

energy is rcf]cctcd  by tllc l;SS. ‘1’ypically, 111 c rc.fleet ion bandwidth incrcascs  (or dccrcascs)

for tl)c ‘l’l;, (or TM) polari~.ation as tl~c incident wave stccrd  from 0° to 400. ‘Jlcrcforc,  Il)c

common  reflection bandwidtl]  for botl~ ‘J’Ji  and ‘I’M polarizations is ratl~c.r  mall for tl]c tl~in

screen YSS. lIowcvcr,  by sandwiching tl]c, tllil}  scrccn  1(SS, Illc common  rc.flcction bandwidth

incrcascs significantly, as listc.d in “J’able 6.

conclusion

In this paper tllc dcsigll  and pcrfc)rmancc  of a single scrccm 1“SS with gliddcd  square.

loop patcl~ clcmc]~t  arc clcscribcd for diplc.xing  tl]c X- and Ku-band signals in an OV1.131

cartll  station rcflcdor  antenna systcm. ‘1’Jlc validity of tllc l;SS dc.signs usil]g  Il]c grid(lcd

square clcmcnt  is verified by tllc c.xccllcnt  agrccmc.nt  obtain ccl bctwc.cn tllc prcdictcd  and

measured rcsu]ts.  in acldition, tllc resonant f] cqucncy  drift  with c.]langc. of inc.idcnt angle, is

rcshccd  by 1 C;] 17, as the grid is sandwiched bctwc.cn two 0.035” thick ‘1’cflon slabs. It is

rccommcndcd  to investigate furtl~cr fllc.  intcp,mtcd  dicllroic  and r e f l e c t o r  a n t e n n a ’ s

performance by tllc analytical tccl~uiquc.  [9] aI~d ]l)c.:ts~l]c]~)c.]~ts.

‘Jlc rcscrard  dcscribcd  in this p a p e r  w a s carric,cl  o~lt  b y  J e t  l)ro~)ulsioll  1,ab.,

California lnstitutc  of ‘1’e.cl]no]ogy undc.r contract with NASA. “1’l~c. 1;SSs and some test

rcsu]ts  were obtained by N]{A(). “Jlc autllc)rs  wisl~  to tlla]~k  Mr. R. ‘J’l)c)m:is of J])], for

making  tl~c  l~~castllc.l~~c.l~t,  Mr. 1,. 11’Addario of hTl<AO and Mr. 1<. l}ctric of j])], for tl~cir

support and cncouragcmcnt  clurillf, tl)e course of this task.
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Figure Tit]es

1. Scenario of orbiting  very long baseline intc.rfmmnclry  (C)VI ,111).

2 0 OVI .13] cartll  station reflector antenna configuration (drawing, not to scale).

3. Griddcd  square. loop clcmcnt  l:SS dcsigll  Collfip,lll:lliolls.

4. l’rcdictcd  transmission pcrfomancc  of Ibc. tlliu semen l;SS.

5. Comparison of thcmcasumd  and computed transmission performance. of tile thin l;SS,

30° ‘1’1 i incidcncc.

6. Comparison of tl~c measured and computed tral~smission  performance of tllc.  tl~in 1;SS,

30° ‘I’M incidc,ncc.

7. l’rcdictcd  transmission] pcrfomancc  of Illc sandwid l;SS.

8. Comparison of tllc measured ancl computed transmission performance of tllc.  sandwic.11

l{SS, 30° ‘1’13 incidcncc.

9. Comparison of the measured and c.cmputcd  transmission pc.rfo]mancc  of the sandwich

l;SS, 30° “l-M incidcncc.
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