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METHOD AND ARRANGEMENT FOR REDUCI NG THE RADAR CRCSS
SECTI ON OF | NTEGRATED ANTENNAS TECHNI CAL FI ELD The

w@e@smntic nventi on rel ates to integrated ant enPE&@®SE2006/000250

general, specifically to nethods and arrangenents for
the reduction of the radar crbss section of such
ant ennas. BACKGROUND During the past few years, the

e éﬁﬁi'f&WWf‘@ﬁf? REPVEIRE b /RAPAR

def i ni ! QIRGSSAECMONIFINTREROTED UNTANRAL

t hrough an envi ronment ere etom

it increasingly difficult to detect an object by neans
of e.g. radar or other electromagnetic detection
techni que. A pluralitg‘of deS|gns materi als, and

el ectroni ¢ devices hadBGHNCAR BEDdevel oped for

this purpose. Mjor potential sources of high radar
The ippéderityiniventibaaleldtes p dateprateel anteennasiragsneizd! specifically

mnth t he obj.ect. Since ap aptenna j.s typicall .
CERUIRAE FBU AISOREPBRB I AC FEaUGHR A BRARIRE 105 festion of

M};}pgﬁggrgia{sfracu on is significant if the antenna is

integrated in a non-absorbing environnent. The out of

band diffraction can al so contrlbute to the so called

radar cross section ( Af(? Ds a phase
di fference between the TefT ection romthe antenna and

Ith eéwrge”éhf | gcmt I 0;2 f{yé%?f;aitrgg ﬁﬁg ;?r(gffgglgn stesaﬁ& technology has been

successfully exploited, especially for aircrafts. In its most basic definition,
stealth is the art of going un-noticed through an environment. The aim is
therefore to make it increasingly difficult to detect an object by means of e.g.
radar or other electromagnetic detection technique. A plurality of designs,
materials, and electronic devices has therefore been developed for this

purpose.

Major potential sources of high radar visibility in stealth objects are
antennas associated with the object. Since an antenna is typically designed
to absorb energy in its operational band, the in-band diffraction is significant
if the antenna is integrated in a non-absorbing environment. The out of band
diffraction can also contribute to the so called radar cross section (RCS) if
there is a phase difference between the reflection from the antenna and the
reflection from the surroundings. Several phenomena have been identified as
contributions to the radar visibility as represented by the radar cross section
(RCS) of array antennas. These contributors can be divided according to: 7
structural RCS, ii) antenna-mode RCS, i.e. reflections from inside the
antenna, and iij) grating lobes i.e.k above radio frequency (RF) band spikes.
Examples of the various “classes” of contributors are e.g. grating lobes, edge

diffraction, and surface waves
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contributions to the radar visibility as represented

by the radar cross section (RCS) of array antennas.
wab@seoaent ri butors can be di vi ded accordi ng tBCT/B§2006/000250

structural RCS, U antenna-node RCS, i.e. reflections

frominside the antenna, an@ Ui) grating | obes i.e.

above radi o frequency (RF) band spi kes. Exanpl es of

the various "classes" of contributors are e.g. grating

| obes, edge diffraction, and surface wavesThe grating
Theahagingdbbes can adcurr it thatreer-elenent sppciogiy laxger dhgerhalf a

t hen hal e length [[I , [2, [3]. Edge
wayerlepg ﬁbgnﬁg ‘be interpreted as diffraction caused
By t he raﬁld change in the scattering properties
etween the antenna and its surroundi ngs 4]1.. The .qu
Edge diffrrcténn PrRAcE BReaRtes) SoIbRCLPRPLSE P eapif change

in! @rfcat'tﬁerﬂuagogﬁgﬁr‘éi%yﬁtﬁegﬁ thetweeAnbelh @Gty Shsrobhdmgs [[4].
the antenn nd reflections fromthe antenna
Tm%ummwm@ diffeatiohoran alsheromtiibute tedlae RS Hethgeriés a phase
.and arrangenent s, to. red e :
e PANRD senistick Pt 1€ Slirila ARCRARtons from the
arftefa sukrfauidiegr visibility of antennas in stealth
object. A further object of the present invention is
to enabl e reduction of the radar cross section of an

THRALRREAIRIE Y d NEQU IR edthddAasd Hroamgimensind emiicefthe RCS
further object is to enable a snooth transition of the
of sadenvRA$.Ng properties between an integrated antenna

array and a surroundi ng %MWRY

A basic object of the present invention is to reduce the radar visibility of

antennas in stealth object.

A further object of the present invention is to enable reduction of the radar

cross section of an antenna array integrated in a surrounding surface.

A further object is to enable a smooth transition of the scattering properties

between an integrated antenna array and a surrounding surface.

A further object is to enable transformation of the scattering properties of an
integrated antenna array to the scattering properties of a perfectly electrical

conductor.

These and other objects are achieved in accordance with the attached set of

claims.

Briefly, the present invention comprises providing a thin resistive sheet of a
resistive material along the perimeter of an outer surface of an array antenna

integrated in a surrounding material. The resistive sheet has a tapered
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Afurther object is to enable transformation of the
scattering properties of an integrated antenna array

WO eooblogriszatt eri ng properties of a perfectly ePEDSEI006000250
conductor. These and other objects are achieved in
accordance with the attached3set of clains. Briefly,
the present invention conprises providing a thin

I AR . of, a resistive material along th .
r%sgftlﬁ‘ﬁ tecfﬁséiﬁg%mg %P Sl Fade Sg?oota%ﬁ ia %t%ﬁﬁge scattering
projertieabetween thes antenmdand itsedietoahdinB R at@salst i ve

sheet has a taperedresistivity distribution to provide
a snooth transition of the scattering properties

Aleaneess o eha piresHia iaehtids ifdhaeundi ng materi al .
Advant ages of the present invention include: Snooth

t ransi t igROBth §ansition of ssrEERE RIOPSEGRBAtwEEn an integrated

ahfirR O 208 GA2BRAAM matSrgur rounding material; An
integrated antenna artray with a reduced nono-static

radar crissdngegratesh aRéehrze drragd avitle rrosedgest inonefstatic radar
Céf%ges%agﬁd antenna. BRI EF DESCRI PTI ON OF THE DRAW NGS
e 1nvention, together with further objects and
advant agesdudedreefar dreys detionbef amdetegtatod ditenna.
referring to the follow ng description taken together
Wi th the acconpanying drawi ngs, in which: Fig. 1is a

schemat i ¢ BRIFH DESORPTIINOROFHITE BHRAWINGS

arrangenment according to the invention,
The invention, together with further objects and advantages thereof, may
best be understood by referring to the following description taken together

with the accompanying drawings, in which:

Fig. 1 is a schematic illustration of an embodiment of an
arrangement according to the invention,

Fig. 2 is a cross section of the above embodiment,

Fig. 3 is a schematic illustration of a circuit model of the
embodiment in Fig. 1,

Fig. 4 illustrates the transformation of the reflection coefficient
according to embodiments of the present invention,

Fig. 5a illustrates the transition of the reflection coefficient
according to the invention,

Fig. 5b illustrates the Fourier transforms in dB of the transition
of Fig. 5a,

Fig. 6a illustrates the calculated reflection coefficient (expressed
in dB) as a function of frequency of an embodiment of the invention,

Fig. 6b illustrates the calculated reflection coefficient (expressed
in a Smith chart) as a function of frequency of an embodiment of the

invention,
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Fig. 2 is a cross section of the above enbodi nent,
Fig. 3 is a schematic illustration of a circuit nodel

wo@oobherienbodi nent in Fig. 1, Fig. 4 illustratBCI/sEE806/000250

transformati on of the reflection coefficient according

to enbodi ments of the present* invention, Fig. 5a
illustrates the transition of the reflection

coeffici r g t i 1.QN 1y; Bl Qe 5 3
T ustrdoBe CREBEENARce (R AL i PROS of a self
comphasnentary opafely.arbay deicgrdifig {d lamstensib@tintdme of the present
.calcul ated reflection coefficient (expressed in dB) as
l%vefﬁjr?&i on of frequency of an enbodi nent of the

i nvent i (Fig. 8aGndb ilthbteatd Bicosarh b enfoamationt &dFigs 7 and b,
reflectign é;)eifi cient (expressed in a Smth chart) as

a funct & of IMSERIEAS BPSufceRfp iRl @f qRplodiment of the

préMeRtih@htld)s. 7a-b illustrate the cal cul ated
bi -static of a sel fconpl enent ar atch array

accor di nggs.ol@ardeifisdiate the dfi-stac ehembpdimengs according

t(glﬂgegﬁgn@@gb illustrate the same information as Figs
and b, Fi'dg. 9 illustrates a cross section view of an

_enbodi nernig. dﬂafdh_eillps‘aa@ta bom@ariison,b;ﬁmn ﬂtﬁabﬂsta_ltic RCS of
eb@qﬁ%@%ﬁ eqt,dq q?l;ihxsféntcl)r?, Igacéu?a{tesn%?t% Wﬁ S‘ﬁ&%‘i’t‘hﬂ Qhe PO-
approximation;

Fig. 12 illustrates a cross section view of a further embodiment of
the invention,

Figs. 13a-b illustrate the effect of the embodiment of Fig. 10.

ABBREVIATIONS
RCS Radar Cross Section
PO Physical Optics (approximation)
RAM Radar Absorbing Material
TE Transverse Electric (polarization)
™ Transverse Magnetic (polarization)
FDTD Finite-Difference Time-Domain method
MoM Method of Moments
FEM Finite Element Method

DETAILED DESCRIPTION

The present invention will be described in the context of but not limited to an
array antenna integrated in a surface of a surrounding material, e.g. a
perfectly electrical conductor surface. However, the same considerations are
possible for other surrounding materials and for antennas with radome

structures.
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Fig. | la-d illustrate a conparison between the
bi -static RCS of enbodi nents of the invention,
w@e2aioervrased with FDTD and with t he PQGappr oxi map¢CD8E2006/000250
Fig. 12 illustrates a cross section view of a further
enbodi nent of the invention, SFigs. 13a-b illustrate
the effect of the enbodi nent of Fig. 10. ABBREVI ATI ONS
RCS Radar Cross Section PO Physical Optics
(approxi mati on) RAM Radar Absorbing Material TE
I readew eo sl eahprehdrpblthe i ingtlicanjonshVaid aresimis @spects of the
Magneti c ol ari zatiqn) FDID, Finite-Di.fferenc .
oY it T B QL BR ‘RERECEE FERFRoR igns need to
bElegpRfAhedet hod DETAI LED DESCRI PTI ON The present
invention will be described in the context of but not
limted to an array antenna integrated in a surface of
RCS h&@!‘i‘ﬁéiﬁﬂl Hﬁiﬁﬁ'aﬁiproﬁiﬂatﬁnperfeﬂ l'y electrical
conductor” surface. However, the sane considerations
The éasis dehhiidnoef dtehBadauCrosmBeetiomiRed) at & efran object is the

ante s wWth. rado structures.ln ord t, L1y .
B eREn e e PRl K e dfsidtntosrin the
direetiontofiaiy ebsérodr as dnfenitit Ineoticr cadrdandkst drpavalent akea which

consi der.ations. need to . .
if scatteredaisotroplc ly would result in the same scattered power density

[[5]. The RCS of an object can thereby be determined as the quotient between

the amplitudes of the scattered wave and the incident wave, i.e.,

G(f, /€)= limdm’ A (r’FY _aiz

~ " gE] F

Y
G (1)

where r is the position, k is the circular wave number, Es is the scattered

wave and the incident wave E; is a plane wave according to
E(x;£)=E (£ @)

In general, the RCS of an object depends on the polarization and frequency
of the incident wave. For two-dimensional objects, e.g., finite times infinite

arrays, the RCS is the equivalent length of an object and given by

where p is the reflection coefficient of the object.
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be expl ai ned. RCS and Physical optics approximation
The basic definition of the Radar Cross Section (RCS)

w@roos/0pfiean object is the ratio of the anplit uPer/sE2006i@0250

scattered power to the incident power in the direction
of an observer at infinity. ©n other words, its
equi val ent area which if scattered isotropically would

t . :
1§t binioiiedBHPuSE the TEMIBUE AR dhelkCh; Al reS 15
uguelly @Vemenmammhmeaﬂqsl Pt ude’ersw,f thisegivesittherediteadBsm and
d the incident wave, i.e., where r is the position,
s the circul ar wave nunber, Es is the scattered

wave and the incident wave Ek |s a pl ane wave
according to In ngneral t he
1

of an obj.ec
FgF. th GBS 04 SPSHeIBR THiR %t LN, TP SRS i A SUETACE of ¢.¢. a

PW%b @ it 140n BB b Ol si @Y 86 Scaftefing &f Bhé @uritbARS as the
I nf |n|te arrays, the RCS is the equivalent |ength of

saatteting of félnopl@fevfeﬁnubytfmen@rma minHe thefsaedtargig of the object
wisf ftjﬁl%' %Q&er% Cx%gxagﬁea oy S]EEERC’ghQOQXQE&%gCgei’d can be

use t Iogarl e for t
dnsarailhydgbyemtegrastxqmapé tinet ensremts net éihe, suhﬂase goﬂ/élse object.

t he un m__For the cas of scat

AR D S e AEEIR AU SUPRaG gy ngt gy Hjegrated in
afEmflje plandr PEOaUiagk. Thecansedenf tthe 1$1(ﬁ&ﬁ1teePEﬁg safface is
the antenna as,the scattering of the gbject with. the

g&fWehMaJm:nu’s RRé, s%%?ﬂﬁW@kQ‘l byha rsBF%fe@n msfrﬁ%%tpm
nt.e P
188 GRS AERUS i io SHREPPa PO r ERE R PRt Clf sl thrrent J

asidl hagheft ctlbfemb/egt the surface.

For the scattered field from the antenna it is necessary to subtract the
current Jeec over the entire surface area. This gives the scattered field as a

Fourier integral over the antenna aperture, i.e.

)= [[00(6) 7)) = e [ 0(5) =, s

(4)

where an equivalent model for an aperture in an infinite plane is used. The
so called Physical Optics (PO) approximation gives a basic understanding of
the scattering phenomena due to the geometry of the antenna aperture. The

electrical current is approximated according to:

Jro(x)=2p(x)ix H, = fy(x) x(fx B 5 (5)

0



Assune that the considered antenna array is planar and

that is integrated in an infinite planar PEC surface.
wab@eourisent of the infinite PEC surface is gi REnSERp0aI000250

PEC =-2 x H1 or equivalentI% by a reflection

coefficientp PEC =-1. The tot/al scattered field is

obt ai ned by integration of the el ectrical current J

W%n ge {W@Zgé Ittﬁ gﬁ%g@on Q{hgﬁc s osf%aeﬁ%engg sﬁtl?gce Pflthough the

romthé antenna 1t is necessary
r§ﬂ&"t1bﬁcéoéfﬂ@16ﬁ@ rik efadlCBl @REal, e isuffi€ieftith 8(§‘cﬁ‘1s1der scalar
area. This gives the scattered field as a Fourier
refipciighalcosffisienity e forn tha naresgat t%ﬁ%}’&ﬁ ethegeflpction goefficient

ere,an e uival ent npode] r an in, a
abbnds 6h thf mretial Reilihatis ts Rha R PR bE ek gand the
5 poRPizadBAr XtHBIH Gl WRSe &E.DBSIsCoivies %ém%@ﬁoﬁinamﬁl of the
scattering phenonena due to the geonetry of
sgaliteieddidgdst ure. The electrical current is
approxi mated according to: J po (x) (5 where p{x) is
the reflection coefficient of the antenna surface.

Al t hough the ref | qpkﬁﬁeiﬁ i ent ,k§ %dl cin

general, it | sF (6)
refl ect| on coeffi CI ents fror the pr esent anal ysis. The
reflection coeffl ci ent depends on the spati al
coordinate x_, the frequency/, the direction , _ and t
10 viBTar Prati GREdF Tlﬁe phisierinerliay emmroxpaton; obdbe hBCS then
yﬁ&approm mati on of the scattered field as where p
T'W:El) . The physical optics approxi mati on of the
RCS t hen
Eol ‘ k lpl -rkk—rx
k [[(o(x)+1e ds| (7)
15 Consequently, the mono-static RCS reduces to:
2 2 i
T
Specular reflection and edge diffraction
20 Consider the RCS of an antenna in the form of a square plate with side a

and a reflection coefficient p in the PO approximation. Let the direction of an

incident wave be given by £ = sin@ cos gk + sin@ singk + cos & . The mono-static

RCS of the antenna is then calculated according to:

0'(12) = cos’ QLO——;;I—IZ—I _[Le

25 9
lo+1 sin*(kasin® cos ¢) sin*(kasinO sing) ©

2.2 o 2 2 2 . .
n  ka’sin’Ocos*d kg sin® Osin’ @

cos* 8
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yi el ds: Consequently, the nono-static RCS reduces to:
Specul ar reflection and edge diffraction Consider the
WEREB6s116n antenna in the formof a square pl aPET/8E20h6/000250
side a and a reflection coefficient pin the PO

approxi mation. Let the direc on of an incident wave

be given by k = sin q cos<f jrsin q sin -lrcos qz .

The nono-static RCS of the antenna is then cal cul at ed
according to:Here, it is observed that the RCS is

Heraypiois iobsatvetldhiah éhe RES as propontiveal théhe ebhéctst detween the

<o bRl S8R bR B s R Frppging meteria
1|Eh@ERCSVI@Sc|€bv|ehatIGf I;zfailm cbhthechga ctlnaﬁd rl‘ag:k&]gf ift’/sg >> 1 and
ar ges al ue I n ec I rec (0] = .
t%kﬁ?gléa rgﬁﬁfyvalpﬁénéglgegﬂﬁﬂ%raﬂ%ﬁméfg’ | GORRGRIHEY: the edge
agAREd B8P s EbYeRX Sfond 1 xfand §ax89, . elap= 02%0 180°, 270°.

(bserve that PO 13 not very accurate for th

Qiqsbf\readu@dPOu isl dot Veny gocwralte dor ldhsssdlé%acteﬂemlyl dhe so-called
ffr | on | d .0

PRHGHTHE S, DRI SR, hOP 9 St e ggooracy

I—Rmiavef PO Hlidtraicenthd basichpheﬁmlenal and Tibds Réi‘ﬁ‘fnc&nt for this

Ilest along.the f = 4 5. This illustrate
aPalsit. A R sgrellssf @fqrs% érefcﬁ < F4B» 85T B \ustrates the
n’ﬂﬂﬂ%n@é o’ Qfléﬁ Co158cisNsQER %a@'t‘lﬁciﬂc?cﬂb?att Q@Res are reflected in
backwards, i.e. away fromthe observer. Even though

othgrsdissetinsisettion backwaidsplie, awayiffamdhe shservare basi c
phenonmenon that has to be consi dered when designing an
antenna array to provide a | ow (nono-static) RCS.
Evenghoughahis examplk sccey sanpld, dt dhusérates ise haszEnplaenomenon

BLL B S0 dhatthe specular vt Lectian, s, BLESSted A o tow

(mono-static) RCS. First of all, it is necessary to orient the antenna array

such that the specular reflection is directed in safe directions, i.e., away from
the radar antenna. Second, it is important to reduce the amplitude of the
diffracted waves as much as possible. The alignment of the edges of the
antenna can also be used to direct the diffracted waves away from the radar

antenna.

The specular reflection is in general no problem for an integrated antenna as
it is directed in the same direction as the specular reflection of the body of
the object, i.e., in a safe direction on a stealth object. Although the alignment
can reduce degrading effect of the diffracted waves it is important to reduce
their amplitude as it is difficult to avoid backscattered waves as well as

multiple scattered waves in the mono-static direction.

According to a general aspect of the present invention it is necessary to
eliminate the discontinuity in the reflection coefficient at the edge of the

antenna, in order to reduce the amplitude of the diffracted waves.
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the radar antenna. Second, it is inmportant to reduce

the anplitude of the diffracted waves as nmuch as
weomsidiie2 The alignment of the edges of the aPCESEZ06/000250

can also be used to direct the diffracted waves away

‘fromthe radar antenna. The Specular reflection is in

general no problemfor an integrated antenna as it is

directed in the sane direction as the specul ar

reflection of the body of the object, i.e., in a safe
Tdpewdt resistive @dge eatdimeilj &cknodint bouglutbeedgei diffrantion and

n r.educe deqradj ng effect. .of .the dif ed waves i .
AR, FEA TP PeRUE O REP RN (Gudth TAF HRR Sheet 45
hﬁgrﬁfr Ic@ﬁhhchoe el £hdDREeksERh LAV dndadastich thatedd~RS see e.g. [4,

mul tlgle scattered waveés in the nono-static direction.

[DclBbr 816l sheats gagensgd a%rr@é@r SoserRing, medeiialsn (RAMI hich as
S?\Ielﬂ)lzléng&%éﬁg a%‘)fd &1%1&1%?13& grsd 41 Oﬂweﬂéﬂlé ¥ddhddfused to

t1ron coe I clent at t antenna, In
tapatethet cdgesd@fcenitehnelaarml freel etpagi [1 hi®1.dThéir ssoadltring properties

wayes Tape r.esi $iA v dge treatnent is known to
8’6%%/2 ‘g Pﬁ%%ﬁ(il”éﬁlgnd diffraction from i npedance

d| scontinuities [6 [4]. The resistive sheet is highly
ductl y.thin d 0, .and is such that sd 1,

m?’&?d“ti?nt théu FFeSFRie dRVERILOR s EFIPKISEY g roviding &

u%l@fs%&h &eneraxri%laaltaﬁp&%h@esfs@myaeao@lthé U ¥mE & ESNSn antenna

and Jaunnmann absorbers [4]. They have al so been used
TG imesrated o @g@érreﬂndm&m?etgn@btq pevidp acempeth figimsition of

ﬂ%@ gb&ﬁﬁi&g k?%%é%e@r Lth %ﬁ? %? xﬁﬂ%hﬁé%ﬁe'éﬁr?@&ﬁ@uﬂg”matemal

sic e |nen present invention
conprises providing a tranS|t|on zone with a tapered

F‘E gs| .SLt Ia\lﬁldt huggratc rciiiﬁe It'e%rt %Iem?sn o%nta%n hbodiment of an
arrangement according to the invention. The arrangement includes a
substantially flat antenna structure 10 integrated in a surface of a
surrounding material 20. The antenna structure 10 is shown with but not
limited to a rectangular shape. The invention is equally applicable to an

arbitrarily shaped antenna.

Further, the arrangement comprises a transition zone 30 provided in the
form of a thin resistive sheet. This zone 30 is arranged along the outer
perimeter of the antenna 10 and extends or overlaps a main outer surface 11
of the antenna 10, leaving a central section of the antenna 10 un-covered.
Simply put, the transition zone 30 circumvents the antenna surface very
much like a frame circumventing a painting. In the illustration of Figure 1
the transition zone 30 extends a distance d over the antenna surface from an

outer perimeter of the transition zone 30.

In Fig. 2, the above described antenna structure is shown in a cross-section

view, indicating the previously mentioned main outer surface 11 of the
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array integrated in a surrounding material to provide

a snooth transition of the scattering properties
whedseericr he antenna and the surroundi ng mat erPEI/SE2006/000250

Figs. 1 and 2 illustrate two different views of an

embodi nent of an arrangenentl@ccording to the

i nventi on. The arrangemsnt i ncludes a substantially

e Lr .10 t
blinsClBAR e gt yhIAE 368 (FEntifoR 2HiC 90oiridbe the
aftewa yatfhcoat. not Iim'ted to a rectangul ar shape. The
invention is equally applicable to an arbitrarily
shaped antenna. Further, the arrangenent conprises a
AldoAnsdichesl 28Nhe3igy. oVi gletl 3 mrk hehef eefeddfora cobifitients of the

resistive sheet._ This zone 30 |s rranged al ong .t he
vaiipes cpEinanends. Bpwere dhe aafall %ff?dofga}%wegvve coefficients

Sk 3RSit8d %'\Qhﬁ%'&@ indidhfedCs e Figd. NE o2t 8NB@: &8n be varied
eaving a central section of the an %enna 10

within dherindentSrenpdrycepiit , the transiti on zone 30

circunvents the antenna surface very nmuch like a frane

circunventing a painting. In the illustration of

Iiri gtidez 1ot peovidanttiet irequesiaé 3ﬁmeﬂn emisls'atiqii sitnarthe dcattering

over fhe antenna su ce froma ter t
PP RRLEieny e rtsan Dap ibteaisch peabal M RinBEE, BF B fhipgpnding
nedtesian QOSdﬂdJﬂiéJfr%th)Lﬁ&OMrfaé\s af a{@éﬁtemrat i0rhyitemsition zone

|nd|cat|ng the previously nentjoned, npi.n out surface
301hgp 2 HERRTEhAGSIBHVEN PFRe- mhRR &1 S SHVH] eﬁ t?ﬁetransmon zone

va@Q OfheZ 182 RG A BlohdREe tdiﬁe?'ﬂe?ﬁﬂé\te? Wef @feLtrhbsition zone
Al'so indicated in the Figs. 1 and are the reflection

mwefds ovemntle ehterea \sarfa@asAcmq%m e & spesifigeambedignent, the
restH Vgil Yha erans@t?oﬂ e t1é V&e;?e?ﬁfefnltcbfe R resistivity of the

surrounding material and of the resistivity of the antenna main outer surface
11.

Even though the above illustrations show the outer perimeter of the
transition zone 30 as coinciding with the outer perimeter of the main surface
11 of the antenna, it is implied that the transition zone 30 can overlap the
surrounding material 20 as well. For that case, the scattering properties of
the transition zone overlapping the surrounding material matches the

scattering properties of the surrounding material.

Preferably, the transition zone extends continuously along the entire
perimeter of the main surface 11. However, for some applications it might be
beneficial or necessary to allow gaps or other irregularities in the transition
zone. In addition, the transition zone 30 is illustrated as being of equal width
d along the entire main surface 11. It is implied that also the width can vary

depending on the application.
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are not limted to what is indicated in the Figs. 1
and 2 but can be varied within the inventive concept.

WO pooegias2 t 0 provi de the requested snoot h tranBCT/SE2006/000250

the scattering properties across the interface between
the surface of the surroundinyl material 20 and the
mai n outer surface of the antenna 10 the transition

; i i.\vi [ Th .
TRE %b%%%@ﬁﬁ PEEG L ShSli ¥ '})trgfe%.lglsr: ﬂl%h\l&l f:ﬁn%hﬁ(étlve o~ and

resistivity o e transition Zone vari e

wirytthire d~0 sudnthdico olit 1. Bxpeoialler saftabhendatensistfoRhe sheet
4008 itga\q.r ds over the ant elgna surface. According to a

SpeCTiTe enbStPhE Comeen s‘il%eﬂmf grakyebimsmmaterigls (RAM)
quote dss Sidisbogenécrebnéheonaattid WdiMt odnd héonductive films. The

surroundi ng terial_and of the resistivity of the
DAECHAS AET IO EHNG PRametallic corhng Hemgw-eakedtloveemittance

widdésdg ati ons show the outer perinmeter of the
transition zone 30 as coinciding with the outer
perimeter of the main surface 11 of the antenna, it is

i j : i L4 a verl ap..t he .
A RoHne! oAbl o0 ng Bl Bt LBt qif gone 90 in
heaforay ¢fry thinopsistivessheet ahe desaitsid moite inmketail below.

over | appi ng the surrounding material matches the

scattering properties of the surrounding naterial.

Thiai eonlliptinighshéetansi ti on zone extends conti nuously
erimeter of, the main surface 11.

|l ong the entir
R e uSoprateite o2 S51lFT &P 6HECE (thf fiEatiedoendh ph ey antenna
Afrapeess aetebad/ |t@Wf)9&H§e 05 &hB6th | trhREMIGR 1df 8% | Lattering
the transition zone. In addition, the transition zone
BEPFEIGY 165 the? cveasthseinigriee dgtapemithehantenna array and the

surrounding material e.g. PEC.

According to an embodiment of the invention the transition zone 30 is in the
form of a thin resistive sheet (preferably metallic) with high conductivity, i.e.
thickness d -0 and conductivity p—o such that od = R! is finite,

arranged on the outer main surface 11 of the antenna 10.

The reflection coefficient of the sheet is, according to the invention,

determined by (the derivation of the expression is shown in Appendix I):

__ T
Pr 2R+, (10)

where R is resistivity of the sheet and 7r is the transverse wave impedance,
i.e. n1=no/cosé and nm=rnocosd where 0 is the incident angle. It is easily seen
that pgr is real valued and -1 < pr < 0. The corresponding transmission

coefficient is similarly given by z = 1+pg.
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d along the entire main surface 11. It is inplied that
al so the wdth can vary dependi ng on the

wa@ppbiogdasi on. The above-nenti oned resistive sheRCT/5E2006/000250

preferably highly conductive s and very thin d 0 such

that s d =R 1. Especially, sui4 abl e materials for the

sheet is selected froma group comonly used in radar

e ebbieRgorialy biabgit (ROMM £ i AnkS S :

,gonduct i ve paint and conduct i veea%?ﬁ%ns. %‘g%ﬁgﬁgﬁ%ﬁgn Zone 1s
trated by dligd3on metal lic coat | ng on so-called

| ow-em ttance wi ndows. The theoretical considerations

for the provisions of the transition zone 30 in the

For thofspacifisi embedinenty of sheentenen desgrateedinmahe surface of a

sebaide +he! ' ucting sheet As .previously _

stated, |8r{ g%\{rs Efl—el%uetn%é: rggl%’ulé%' ‘?q%@? & %‘? 5‘8?18 ciee?fzth(?fs"gﬁoundmg

mataiale.gr PEC at the oneﬂep&&mxetdrOofpﬂIthdﬁsﬁicﬁ{fﬁR@C%@ and increase
. e. over

transiti.on of e . scattering propertijes i ) >

PHEBRHY G B ab diviBBRe homul e ey resigiioReocticient of the
i bidweddiHegt Bt tahng. 1§ givdEGy According to an

enbodi nent of the invention the transition zone 30 is

in the formof a thin resistive sheet (preferably

metallic) wth high conc;luc%i )ﬁ/igt_}yz §ip e. thickness d ->0

and conductivity p - gud = Rrl1is finite, (11)
arranged on the outer main sbrPafe 11 of the antenna

10. The reflection coefficient of the sheet is,

according to the invention, determ ned by (the

s iroptdsontoh dondorexal REpi MAppiG OV 11 ThAARSAiId )s mapped
ii[\l@oeg%ir%éserey s_tt|V|ty of the sheet and h is the

R SIS 8GR A pedance,

20, (1= pp)=—1r
oaf U=pu) =0 (12)
with radius
1+ p, R
= 13
l-p, R+n, (13)

A reflection coefficient follows the “inverted” reactive circles towards p=-1

as R — 0. See Fig. 4.

The mono-static RCS for the arrangement is given by

2
o(8,k) = cos® 0%’ I(l +p (x))e'””“’"”alx,2 (14)
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i.e. hr=ho/ cos q and ht M~hocosq where 6 > is the

incident angle. It is easily seen that p is real
woadogeelitend - 1 < PR 0 . The correspondi ng  PCT/SE2006/000250

transm ssion coefficient is finilarly given by TR =

1+PR. The corresponding circu ? nodel “for the antenna

and the transition zone is illustrated by Fig. 3. For

T%:Jke e2PRGSIdE i€ @g@%@%‘@ﬁ%u&éd F0r AL OARA IR QUL ALIEE N 906ne Pr(7) .

he surface of et the resistance be zero |
Thqu{'S contaleo besipprexiceatefl ashe surroundi ng materi al
e.g. PEC at the outer perineter of the transition zone
and increase to infinity i.e. air at distance dfrom
the edge. The reflectigr goefdipl’ent of the conbined (15)
sheet and antenna is given by This represents a
conformal map mapping - 1 to 1. The unit circle is

wIRPP S {NbRed By Sle1 @MvbREARHItY hNshB8iti$ufiction having unit
refl ection coefficient follows the "inverted" reactive
aggx,clees towards p' = -1 as R" 0. See Fig. 4. The
nmono-static RCS for the arrangenent is given by r{q,k)
cos2g-\[ (I +p' (x)y2 bcs ""qdc 2 (14) pT I This

expression is easily evakuyat(ed fjor1any arbitrary (16)
transition zone p (t) . The RCS can al so be

approxi mated as p' p" +p' - p" (15) where p" is given

ThY ddrivolvetiORMRIcYRH ¥ddificiant IR husighiM 1BRY iREn URkd -1, see

again Fig. 4. The two parts of the RCS are evaluated as
O, = 2k sinf)o, (17)

The first part can be made arbitrary small for a sufficiently large transition
zone. The second part is given by the Fourier transform of the difference
between the ’inverted’ reactive circles and the straight lines. The worst case

is given by o=i.

To illustrate the effectiveness of the conducting sheet, consider an example
with a piecewise constant, a linear, and cubic spline interpolation of the
reflection coefficient, see Fig. 5a and the corresponding Fourier transform in
Fig. 5b. Here it is seen that the resistive tapering reduces the RCS. There is
no major difference between the three cases for low frequencies i.e. A>\o
~0.25*ength of the transition zone. For higher frequencies the improvement

is noticeable for the smooth transition.

Numerical examples
Numerical simulations are used to illustrate the reduction of the RCS two
different array antennas. Consider the infinite times finite arrays. The

infinite antenna array can be simulated in a known manner using either one
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area, i.e., p" *(p #l) - 1 (16) The convol ved
reflection coefficient follows a straight line fromp

W 2006/091162e again Fig. 4. The two parts of theP@ISEANG000250
eval uated as sp =y(2ksing)sO 417) The first part can
be made arbitrary small for Ysuffici ently |arge
transition zone. The second part is given by the

of & Iﬁhlttermiw&&ég g mbNSodhfd %&ﬁ%@ @mﬁ rMa&?od of Moments

inverted reactive circles and the ai ght T'i nes
(o) wer sltinétgs Elergent Wethod M) Be laneusesr thee code can handle

p&%&%‘ l!ééﬁ\;?\ljﬂc?%& 95n&1ﬂ8n§ i@,d@o A g‘gln tﬁk@«gf fhé Bt ‘i'%E Hgdlk Boundary

npl a p1recew I near,
Fspte Eeffwehee ﬁbltnatt—lnnmmh n‘rwhoéf(P&FDmD)cdeVPdlopecbrﬁy H. Holter
’ﬁ_ﬁe Fi %d 5a and the corresponding Fourier transformin
Here it is seen that the resistive tapering
reduces the RCS. There is no mmjor difference between
e three cases f%é | ow frequencies i.e. I>lo

-coBNIIRGRICTYIPARR H%hsi ti on zone. For hi gher

Af:é&‘&llﬁ@g Gb &sn tAEbOABL M ESEF e b?esﬁa@ft'&@éﬁh@nf %n&u‘&l@r an infinite
snmooth transition. Nunerical exgcrg Nuneri cal

a@t@ﬁnaaﬂrr@ﬁsc%mna@@da odugality, of P pﬁtféms(e dlretpafehes are fed at
?ox%%?s o ek f e&Eﬁ{émﬁ%raaMnéﬁﬁrﬁ&ﬁ?& d FRE i %he WARe directions

nfinite tinmes T1ni rays & RFT AT e "ant enna
dapemidngarorbet]rm mueealt efded npmrﬂtaoﬂhempmeh srayy ® tdisrost self

SRR e P e O W8 omenc
(FEI\/p as long a s the code can handl e

Transformation zones according to the invention are provided on the outer
main surfaces of the antenna array. The reflection coefficient of the antenna
array varies according to Figure 6a and Figure 6b. The dielectric sheets
according to the invention act as a filter matching the antenna for a range of
frequencies fi ' f - fi. The upper frequency f: is limited by the onset of grating
lobes and the destructive interference from a ground plane at half a
wavelength distance. Hence, the ground-plane distance and the inter-
element spacing are much smaller than the wavelength at the lower
frequency f. In analogy with quarter-wave transformers in broadband

matching, the ground plane distance and the sheets are chosen to be of
equal optical thickness, i.e., a sheet thickness of d/ \/_6? is used [2, [3, [14].

The case with a single dielectric sheet is easily analyzed with a parametric

study.

Here, we consider a patch array with dimensions a=9.6 mm, b=0.8mm and
h=13.6 mm giving the unit-cell length [0=20.8 mm. This gives a resonance
frequency around 5.5GHz and the onset of grating lobes at 7.5GHz.
Dielectric sheets with permittivity 1=7 and &2=3 are used. We consider an

array consisting of 20 unit cells in the y direction, giving =20lp=416mm, and
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peri odi c boundary conditions [2, [12, [13]. Here, the
code Periodic Boundary Finite-Di fference Ti ne-Domain
woredohoel 16PB- FDTD) devel oped by H Holter [13] PGI/SE®06/000250
Sel f-conpl enmentary patch array According to an
enbodi nent of the present in@%ntion, consi der an
infinite antenna array conprising a plurality of PEC
a e fed ek :
BbEISE: aHGRe bF B5 Ul B0} HIERERA1 P, HprfRT boundary
cohditidrisoirs thle pediteaigomnAs e plesed wewe dnpBienys-plaine impinges on
patch array is al nost self conplenentary, i.e., the
tREGridy’, dcislddhviehidi thidSisd WrNbdleahnglesid ik aeplepeat. <0< 2.
Transformati on zones according to the invention aré 2
provided on the outer main surfaces of the antenna
array. The reflection coefficient of the antenna array
’I\h_’ﬂlibi&ﬁaﬁcd'\’:(l’lﬂidﬁ g $aif Eomgpleendataay gakdlyarmycbith Ehsingle dielectric
ielectric sheets accordipg,t he inventi.on_.act,_as .
PreFt Sreqratanin ot BoRn e trd EpRisals Sy ra i E ms. 7o
1h thid tascMIR GRRRtrit 'SBRYEBSY beldsierlddnid gife bnet diaighrisep in the
of grating | obes and the destructive_interference _from.

cgnificoahdhp| BRdtiatchaal-f ARoEFeMaNgih FiP’s thf cRmpeindyrmation is
iflﬁgtrgfeg{}g ﬁ%a@@ A SEBNGReARdht TS 16 PSIEIRRL 2 FOAEHOE of the

are nu l er than the wavel ength at_the | ower .
refleciadrangle. Botlathe oggults tfar questrpeturgawitht g sarargd tgansition
i n_br ' . ; '
PR LBERER TR Al aiod IR NI Bl RSk 2snoun
thi ckness, i.e., a sheet thickness of d / is used [2,

I%Sigqq{)e)];:% a@;ﬁggeac\%?ﬁ:\ﬁret‘ﬂ]eﬁgpgkgghﬁé %.io(rerlli%% ersl the g?—% at:ilcSRCS. The

oscillations of the RCS away from the specular direction are due to the

constructive and destructive interference of the edge diffracted waves. The
oscillations are more rapid for large arrays. The envelope of the RCS is
highlighted to emphasize the dependence of the size of the array. The mono-
static RCS is approximately -20dBm at 3 GHz and -25dBm at 5 GHz for the
integrated array without tapering. With a linear tapering over two unit cells,
ie. d = 2o = 42 mm, the mono-static RCS reduces with approximately
20dBm.

The resistive tapering reduces the RCS by smoothing out the discontinuity
between the antenna and its surrounding material. However the RCS of an
array can be significant if the array supports grating lobes. These grating
lobes can occur if the inter element spacing in the array is larger than half a
wave length. The path array supports grating lobes for frequencies above 7.5
GHz. The RCS of the self complementary 24 x « array with a linear resistive
tapering over the 2 edge elements for an illumination from 6=60° at 2, 4, 6,
8, 10 GHz is shown in Fig. 6b. As seen in the figure the mono-static RCS is
very small for frequencies up to the onset of grating lobes at 7.5 GHz. The
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study. Here, we consider a patch array w th di nensions
a=9.6 mm <b=0.8mm and 1=13.6 mMm giving the unit-cell

wo eqoghdn1€0=20. 8 nm This gives a resonance fr ePLESE06/000250

around 5.5GHz and the onset of grating |obes at
7.5GHz. Dielectric sheets wit¥pernittivity ei =7 and
2=3 are used. W consider an array consisting of 20
. ot T . =Y _ 2416
o, SRUbTof B dRcketobEC bieifen B HhEheSaEhaaht MiPends on the
sizdiof dlo¢ moray. The. baggen mddilc dearendes forderghirtdroags.i n t he
x-direction. As a plane wave in the yz-plane inpinges
on Tt 7 the array, it is convenient to use the polar

- Hriglagso gossiblehéf naingitown that tHhiveintivhaddrt bREGr@feraimended to

self conp] e tary.pajch arrgy with a single
HBPESE A %rogﬁ@aflda%@sieﬂ@y with o dicloetricsheatast r at ed
graphically in Fig. 7a and Fig. 7b. In this case the

di el ectric sheet can be designed to give one single
fesyenay srecteat¢éose (FHe) Snith chart. Another way to

: . td N . . ,
N MR RIS I A% e ELITRRR ol prified on top
plethe antannmgiraictyest of the invesgions seorFig. 9t Qartsider aisymmetric

: L ing to the invention
Bl RARER LALLM ReA100 BRERE. "0 oo, A
expected, the specular reflection at -60 dom nates the

j-static RCS. The oscillations af t 3 away from
Phe dhefiire rraneraina STaE B0 WEECORSUFaeN obTne-6 mm
dedtthegthare 4 ey WadteneL 007 hha. gigelodil éleatdRd aBVisisced in a
Iaaion_s are nore rapid for large arrays.

The oscil | ; ) rays: he
%Wéltﬁh?@ grelegtec rbset wikh germgikivily &5 diphhbiszgivepa bandpass
i t T i .
SOy e 4050 95 AT 6. RO U racome s
oipgraged ipte a PEC structure and an antenna is placed under the radome.

The upper dielectric sheet is placed 5 mm from the inner side of the radome.

For illustration purposes consider the three cases: without tapering, with a
26mm linear taper, and with a 53 mm linear taper. The radome size
excluding the taper is 332mm x 1. The finite length corresponds to 50 unit
cells. The bi-static RCS is shown in Figs. 10b, 10c, and 10d for a TE wave at
45° and the frequencies 6, 8.5, 11 GHz, respectively. The envelope of the
RCS is highlighted to emphasize the amplitude of the edge diffracted part. As
expected the specular reflection is largest in the passband, i.e., at 8.5 GHz,
where the radome discontinuity between the radome and PEC is large. For
frequencies outside the passband, the radome is highly reflecting and the
discontinuity smaller. The effect of the tapering is negligible in the specular

reflection.

The mono-static RCS is also largest in the passband. Here, the effect of the

tapering is considerable. As seen in Fig. 10c, the tapering reduces the mono-
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integrated array without tapering. Wth a |inear
tapering over two unit cells, i.e. d = 210 " 42 mm

wao b@onone2 st ati ¢ RCS reduces with approxi mat el RCRSENBNG/000250

The resistive tapering reduces t he RCS by snoot hi ng
out the discontinuity between 14 he antenna and its
surroundi ng material. However the RCS of an array can

Hatl ROl wednt 5' (leH‘?o 30! g¥nr uﬂ?é)r S‘nrg-r ?ﬁ bg Salso reduced

These grating | obes can occur
Qptsida gh¢ pashleand mdth ithe [tapering;t hawe‘#ﬁrl ﬂlealmpmyement is not as

gt i3 at ng.. | ob for
ifaf q u%ngggg’ %?)ﬂo %Xﬁﬁgﬁhe %ﬁ% gfa do a comparison
bainysieanehiearkyi- ﬁétm RIS agaleuildted IvntteaFD’Ieﬂ ahtlvevith the PO
he 2 e el.enen n illumnatjon
S ARELARR5BYSE 05 S5 CUSHERH Bl B BEYEEL1S e given
By ﬂ’&fnsolllﬂ toleel fda@wea theva®) Nfespeativdly RGPS isS 48hY that the PO
snal | for fre uenci es yp to the onset of ;ratrng obes

apPrexEmatio EBednT W& IPBIMAtEe ofriliei RET dbesthes Theldase, as

mastme@}geqq af1Lobe depends on the size of the array.
The beam wi dfh decreases for larger arrays. It is also
possi bl e, if not shown that the invention can be

S nded to conprise a broadband dipole array
tﬂﬁ two dielectric sheets. Frequency sel ective radone

mefﬂmec@h&gdéﬂ tiheordes toflm;prbver ithe RCRed amfammeﬁﬁa array
&{ %r&ﬂl%o{ptlper ﬂl\Geg%gaer/e}’l eﬁsl gsesgtas% l}\‘rﬁi Cteﬁt;b(eer ¢prading

ent1on, see
effeddrd svrfhcd owvek e@‘g&d chnde doaBely thdheseebe ré@lnbﬁté:}{rﬁa array

%ﬁlg’wged@ cﬁ)g\egn c|>r\%| %M%r#]qefs évgsqsl;eﬁ%te hag%fgrq?@épt% a specific
c&hbﬁ@mﬁa‘l@@sﬁib@@&dmdm&e a RAM into the antenna structure to reduce
the degrading effect of surface waves. This is illustrated in Figure 12 by an
antenna structure with an applied transition zone 30 and a RAM structure
separating the antenna 10 from the surrounding PEC-material 20 in the
interface of the antenna and the surrounding PEC. The transition zone 20 is
preferable adapted to extend over the RAM section as well. Numerical
simulation indicate that the addition of the RAM section according to the
invention absorbs part of the surface waves and reduces the RCS at grazing

angles as seen in Figs. 13a and 13b.

This invention enables reducing the mono-static radar cross section of an
antenna array by providing a resistive sheet adjacent to the interface of the
antenna array and the surrounding electrically conducting material e.g.

perfectly electrical conductor (PEC).

Specifically, the present invention shows that a tapered resistive sheet can
transform the scattering properties of an antenna array to the scattering

properties of a surrounding perfectly electrical conductor or PEC in a



10

15

3dmmthick dielectric sheet with permttivity er = 1.6.
This gives a bandpass structure with passband from8.5

w@Rweno162 GHz, see Fig. 10a. The radone is i ntBQI/SE®06/000250

into a PEC structure and an antenna i s placed under
the radone. The upper di el ect¥d ¢ sheet is pl aced 5 nm

fromthe inner side of the radonme. For illustration
EOHPOIRAD ®AHSIBRE tdYSerbhl ©6siSASES st ri.ng, :
wWith a 26m1?| i near %tgeger, and vm@t ﬁh%l%%%%n%lﬂﬂﬁﬁ%gartﬁg reflection

eogslicientrpt the detpite ianderine laleg the hevertqb reactive3dnatex towards
C £inite | . r to 50 unit cells. The
fre Tt Ay el B ULCRORRRIS Ao ) ™t 10 T or

a TE wave at 45 and the frequencies 6, 8.5, 11 GHz,

ively.. The .env pe th is highlighted | .
A e s R e R R —
glarvs that ehpandro-stic RES tbdtcéL ik dver | A48t frequency

.5 GHz,, where the radone

i n cLhevﬁaSSban , I.e. , at 8 - )
RAtoh TR A3EHRT weatieting: Numsrcal respite ysng FIJED ¢lgthe RCS
fro@0dRRld aSray i bdf cohfploasabadarh P d R4AMPs &S ¥re also
refl ecting._and the discontinui smal I er. The eftect
pesepied: topdivistigite she seduegiasn ef Rést he specul ar
reflection. The nono-static RCS is also |largest in the

assband. Here, the effect of the tapering is

tagesnpf the peessptinvemtionginchots: t he tapering

reduces [ it 5 dBmto 20 dBm The
nono- st aﬁ%?ugg@(}lﬁé&g Isg%t%rcgg\gc%%%tﬁflgﬁfgr ¥t passband
wi t h t he Trapsformgtiohoviether refleetibiipoeifRi@id of thdghtedha to that

e.as the ori 'n?ig is much smaller. In Figs
C}fl%glg TS §rr?eg't‘?? e‘?Fl{%E’ﬁa{ FNHiCtOFat i ¢ RCS
calculated with FDTD and with the PO approxi mation is
haywn. The, envel oge lglf the FDTD and PO results are
Igivom}be understood by those skilled in the art that various modifications
and changes may be made to the present invention without departure from

the scope thereof, which is defined by the appended claims.
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by the solid and dashed curves, respectively. It is
seen that the PO approxi mati on gives a rough estinate
w@boobhe11RCS for the TE case, as illustrated byPEi/§E2006/000250

lla. Surface waves Wth reference to Fig. 12, in order

to inprove the RCS of an antenna array according to

the invention even further it is possible to reduce

t he degradi ng effect 0&% pﬁﬁa@g(ﬂgges. This can be

done by the use of an antenna array structure that

0 nat, support surface kS.-accordj ng .t o
LSt SiHBR hRtuoRil o B eStes i SRl Be., 5601
N, FRwvaihloeRe 3V 5, IRMIkidhe N®2rel8ce00he degradi ng ef f ect

of surface waves. This is illustrated in Figure 12 by

%rB ARt eIX) aifite WitdhRa Wrrdly 8 andP$$.albtn aVidést &oBozasn¥ew York,
Q_and a RAM structure separating the antenna 10 from
20R8: sur r oundi ng PEC-material 20 in the interface of

the antenna and the surroundlng PEC. The transition

[Hon8-Do (¥rigpicis, alilertiampanadic o e %hd r FHEMRAR 2002
wiRE ek PudseriRliu/ ~DHEBEdig 8lva Stdidiah idie U*ﬂﬁ'ieCQI eadhat

The addition of the RAM section according to t he

[4nEent Kl%‘tta QSP r BRabAét Hid NG, SMHIIERC RaWay QFosd) @ectzon Sc1Tech
reduces t razing angles as_seen in Fi

Pyidishig Inm %6%%&? %ﬂmmﬁﬁf@é Radgighy, Y- 2HE13, 3004

nono-static radar cross section of an_ antenna array

[ﬁr@de iKrgus 3nrd iRt vMasheke, Adjtgeans 36 efe Newt XP¥1scM0GraW-
%Bg%antenna array and the surrounding electrically

co’n ucting material e.g. perfectly electrical
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Specifically, the present invention shows that a
tapered resistive sheet can transformthe scattering
w@e@pestises of an antenna array to the scatt erPCSE2006/000250
properties of a surrounding perfectly electrica
conductor or PEC in acontrol %Y way. The tapered
resi stive sheet transforns the reflection coefficient
f31 tie H ol N n I : j [ l.ve .
) o Mot a® 1 DRl BORE BB EY, G Soing FDTD
Bededigskeundarye cond@ioasi-fidsd | scanapy yinngblidwee RGfedions, IEEE
' ' (P pr oxirat i t t he
T s Bn GRS PR G Bt Ao TR g 105
I, EeRgy , j apgul ar _.scaftering. Nujerjcal
e T OBy PR IO B A NG Y ek Pl Wiy & soms,
£298.- conpl enentary array and an FSS radone are al so
presented to illustrate the reduction of RCS
Advant ages of the present invention include: Reduced
nmono-static RCS of antenna arrays. Transformati on of
the reflection coefficient of the antenna to that of
the surrounding perfectly electrical conductor. It
will be understood by those skilled in the art that
various nodifications and changes may be nade to the
present invention w thout departure fromthe scope
thereof, which is defined by the appended
claims. REFERENCES [1] J . David Lynch, Introduction to
RF Stealth, Sci Tech Publishing Inc., 5601 N. Hawt horne
Way, Ral eigh, NC 27613, 2004. [2] B. Miunk, Finite
Antenna Arrays and FSS. John Wley 8 B Sons, New York,
2003.
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w0 ewbddas2 dat e June 21, 2004. [4] E. F. Knott, BCTFSE2006/000250
Shaeffer, and MT. Tul ey, véjﬁr cross section, SciTech
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27613, 2004. [5] J . D. Kraus and R J . Marhefka,
Antennas, 3rd ed. New Yo{ lirs g@ﬁ Hll, 2002. [6]
E.F. Knott, Suppression o ge scatte ng with
YJﬁL eda st ri ng | EEE Trans. Antennas Propagat.,
gtp ucliwgshess3 1997. [7] J .R Natzke and J.1.
C\éﬂsﬂi@rsthechait%ﬁ@ ipzapédiesodf @ shest stitly eohdlictipitane — «© and
over a resistive sheet, | EEE Trans. Antennas )
tlﬁckpagmtd —0168%h the630d 668 isofigite] GheTc@nplex Sahegr relative
Backt terl ntqelflrom resistive strips, |EEE Trans.
PRHTEHNGY 'Propagat ., 32(7), 7474-751, 1984. [9] J . L.
Vol ak| s, A Aexanian and J .M Li n, Broadband RCS
reducti on of rectangul ar patch by using distributed
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[10] R L.Haupt and V.V. Liepsas, Syntfgsis of tapered
resistive strips, |EEE Trans. Antennas. Propagat.,
35(11), 1217-1225, 1987. [II] T.B. A Seni or and V. V.
D I
HeER % AT Lo Walt MLLBASIES T DUB G Hlfave vector
id12] A F. Peterson, S. L. Ray, and R Mttra
Conput ati onal Met hods for El ectromagnetics, New York:
| EEE Press, 1998.[13] H Holter and H Steyskal,

Infinite phased-array gnamur?l n%@f? (19)

here it is seen that k,— o as o — . The reflection coefficient is

1— g 2ked

¥ =V - rozTe_Zik‘zd (20)

where single layer reflection coefficient, ror, is
1-p,

po, =t 21

or 1 + pT ( )
and

k., ek,
P = _I;Z_JPTM = —k—_ (22)

The single layer reflection coefficient has the Taylor expansion
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periodi ¢ boundary conditions-pul se scanning in oblique
directions, |EEE Trans. Antennas Propagat., vol. 47,

woee6adLi6pp. 1508- 1514, 1999. [14] D. M PozarPCT/SE2006/000250

M crowave Engi neering, New York: John WIley 8B Sons,

1998. APPENDI X | Thin conducti®%?2 sheet Consider the
scattering properties of a sheet with conductivity s

and thickness d -> 0 such that,sd = R~|l is finite. The
conpl ex val ued relativehpeFﬂﬂbgivity is witten: e e (23)
"+- - s'+ . (18) iwen iK wherePk0O is the free space

wave nunber. The vertical part of the wave vector i s

"'z ~Vo-~Il"'"~V" 0"l (19 here it is seen that
Ezpand ake Seftectioth €oéfitie@€ bf the coRifitieeeshedts V = 1 T 2
-2,kszd (2 0 ) where single layer reflection

coefficient, rot, is rot ~ (21) +Pt and The single

| ayer reflection coefficientofjag the Tgylor
expansi onExpand t he refd ectioncoeff] t of the (24)
conductive sheet The transﬁissh@gic tilcient is

simlarly given by Pr

The transmission coefficient is similarly given by

2R
2R+n,

r ~

(25)
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tt - (25)APPENDI X Il Normalization of reflection

coefficients Assune that the reflection coefficient
WQ2R6AIHt62 -r 1 = - (26) Z +R R ~ | +r is gi venPCTBE2006/000250

reflection coefficient normalized to R is then given

by Wth the reflection coef f#¢i ent of the

normal i zati on i npedance Rl- RRL =1 - r0 'O = (28)

RI+R R 1+ r0 h \ ATy = | 1+ - Jl- |
+r+)'(\-r+0)r(\Wir)a\zlerof“‘rehszxv{r(\-:)E\ ' "

+ro) +(\-rJ(L +r) \-rr +r 1+ This is a Mbius
NW%?%&fB%ﬁ%E‘ﬂT‘ﬁBeﬁaﬂs ant enna structure,
AGQURId BidtGheaBflodticnBaeithtwi th at | east one outer

mai n surface (11), said antenna (10) is integrated in
a surface of a surrounding materi al

Z-R Z _1-r

= —= 26)
"TZIRR 147 (
is given. The reflection coefficient normalized to R; is then given by
rlzz_Rl,Z.:l___ﬁ (27)
Z+R R 1+n
With the reflection coefficient of the normalization impedance
;,0=R1’"R,£1_=1“’”o 28)
R+R R l+p
we have
l-r 1-7
= 1+r 141, _(1=r)(+n)-(1-r)(+r) _1-r (29)

I-r I-n  (1-r)(14+5)+(1=n)(1+r) 1=

1+7r 1+7

This is a Mébius transformation.
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(20), a transition zone (30) arranged al ong the
perineter of said main surface and overl apping said

woraoe/0gust ace, said transition zone (30) conprPGI/BER0B6/000250

| ayer of a resistive material configured with a
resistivity that varies wi t ¥¥he distance from an
outer perineter of said transition zone to enable a

snooth transition of the i ng properties between
the antenna (10) and the gﬁgég@%%ing material (20). 2.
The antenna structure according to claim1, wherein an

loufBrRIFERPASTBICHFS-SAPFR%Si t i on zone (30) coi nci des

Wi 5h denRLT1OBKRE Aflcad shatifersuafraserfadd11)3. The
antenna structure according to claim/1, wherein sa

t r aqich antsanadAQ) {%ng)teg@ttg} }rhﬁg%gfaé:\;é}f |aaﬁlb1i‘rﬁb1n§1é1i1% material
(§®rroundi ng material (20). 4. The antenna structure

actording to claim1, wherein the resistivity of said

| aperansitioguzdne (30} ersangeds aloalgoﬁheeperb‘aeﬁfe?fgﬁaléfm%? gurface

transifion pproaches infinity at an
aﬂﬁjﬁ% ertagﬁlrﬁégglﬁi %%9%5?1 tcré’ansi tion zone (30) . 5. The )
ankaiharssitiohurzenac(3®) deorgptising & rfayer Weperesistiee material
resistivity of said. lLayer is |. h i

Wi t
SRR Sh AP Bl TSR i A s e an ovter
pedirfetel 25 ishid NraAsiRion3@hne 6to Bmablntze remostir Ucansidon of the
according to clajm1, erei n sai ur r.qundi n . .
seattering Pregestl%%hﬁﬁwws% %ﬁeflé‘a(g of gafl th furfounding material
(?@.ductor.7. The antenna structure according to claim

erein the resistivity at

9. The antenna structure according to claim 1, wherein an outer perimeter
of said transition zone (30) coincides with the perimeter of said main surface
(11).

3. The antenna structure according to claim 1, wherein said transition zone

(30) is arranged overlapping said surrounding material (20).

4. The antenna structure according to claim 1, wherein the resistivity of
said layer is equal to zero at said outer perimeter of said transition zone (30)

and approaches infinity at an inner perimeter of said transition zone (30).

5. The antenna structure according to claim 1, wherein the resistivity of
said layer is equal to that of said surrounding material (20) at the outer

perimeter of said transition zone (30).

6. The antenna structure according to claim 1, wherein said surrounding

material (20) comprises a perfect electrical conductor.
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| east partly varies linearly with the distance from
the outer perineter of the transition zone. 8. The

wa@paoenvEexst ruct ure according to claiml, wher ePCI/sE2906/000250

resistivity at least partly varies step wise with the
di stance. 9. The antenna str ure according to claim
1, wherein the resistivity at Ieast partly varies as a

Tcubihe shtddi Sfruchgrdl 'aé&ﬁr(l airu!?el APERPAA the é‘esmtwfcy at

structure according to clai t her conprisin

leantaparilysvatiehneerle wish f(lﬁ@lsmarfgad tledenterhperimeter of the
ayer and between the antenna (10) and the

tg%?érlgh{n%%nlg material (20) along the perineter of said

mai n surface (11) to reduce the degrading effect of

urf ace waves The antenna structure_according to . .

1 St s tame SefeBR P iR by BT (iBoghe TesiStivity at

leastyyerslysvaaicsstep otisy vitfaties ddtand®. The antenna

structure according to claim1l1, further conprising a

radome (50) arranged between said main surface and

Fanthet 4aR8IHd Qﬂ"uéﬁﬁh% aégbrdﬁ‘i‘g Wtaanr Bl hnetdhenio Fres1st1v1ty at
i nt egr ation in a surface of Surround| ng nateri a

@%ﬁtwaaﬁwww@%@@u@acespm@pf thendistatrceant enna ( 10)

with at [east one main surface (1 1); a transition

zone (30) arranged along the perineter of said main

Ky Thacentennn MCWeracappdiiuug wacldinmal ,nflﬂmhéxacem(ph’b)ng a radar

f
SRR 7 M ST 5% Bk P80 e e
ardenes (WD) hndhhedﬂuﬁttranﬁdufg ﬁmtafiab (@®@ralefgehe perimeter of said

main surface (11) to reduce the degrading effect of surface waves.

11. The antenna structure according to claim 1, wherein said surrounding

material (20) comprises a conductive material.

12. The antenna structure according to claim 1, further comprising a radome

(50) arranged between said main surface and said transition zone.

13. An antenna structure for integration in a surface of a surrounding
material, said antenna structure comprising:

an antenna (10) with at least one main surface (11);

a transition zone (30) arranged along the perimeter of said main surface
(11) and overlapping said main surface (11);

said transition zone (30) comprising a layer of a resistive material
adapted to have a resistivity that varies with the distance from an outer edge
of the transition zone to enable a smooth transition of the scattering

properties between the antenna (10) and the surrounding material (20).
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of the transition zone to enable a snooth transition
of the scattering properties between the antenna (10)

wanwendmesur roundi ng material (20).14. Anmet hodP@f/SE2006/000250

i mproving the scattering properties of an antenna (10)
with at [east one outer main 2urface (1 1), where said
antenna (10) is integrated in a surface of a

ARl 2Rt BRI E AR S 10 i
aff legat dnemiutersmefiacarfats )1 A ovhere shahphtanrsa(10) iwimegrated in
surface (11 sai d.transiti.o one, (3 onprising a

RSGERRE dehuredBhfid ARREIROROT S Hirthe PG,

r esprobidihg)a traaisitial zese \(B0)halbhg the erfitietel raimadd main surface

er perineter of.said trapnsition zone to enable a
@#&M?"Fé‘%ﬂ‘?%ﬁ A Sy ?éi ng properties between

t heszaat epmaitd®) zaed (St coMiprAgi AglaFREEbi & 1edkive material

configured with a resistivity that varies with the distance from an outer

perimeter of said transition zone to enable a smooth transition of the
scattering properties between the antenna (10) and the surrounding material
(20).



