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Typical applications for printed-antenna technology

Awreraft antennas Communication and navigation
Altimeters
Blind-landing systems

Missiles and telenetry Stick-on sensors
Proximily (uzes
Millimetre devices

Missile guidunce Secker monopulse urrays
Integral radome arrays

Adaptive arrays Mulli-target acquisition
Semiconductor integrated

drray
Battlefrield comniumications Flush-mounted on velucles'
and surveillance
SATCOMS Domestic DBS receiver

Velucle-based antenna
Switched-beam arrays

Mobile ratio Pagers and hand tetephones
Manpack sysiems

Reflectar feedds Beam swilching

Remote Sensing Large hghtweight aperiures

Biomedical Apphlicators in oncrowive

cancer Lherapy

Covert pntennas Intruder alarms
Personal communicalion
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Some commonly acknowledged properties of microstrip aniern-

nas
Advantages Disadvantapes
Thin profile Low eﬂicicn;:y -
Light weight Small bandwidth

Simple to manulacture

Can be made conformal

Low cost

Can be integrated wilh
CITCUILS

Simple arrays readily
crealed

Extraneous radiation from feeds, junctions
and surface waves

Tolerance problems

Require quality substrate and good
temperature tolerance

High-performance arrays require complex
feed syslems

Polarisation purity difficult to achieve
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Representative substrate fist

Malenial ' E, Malcrial

i4d

21

2:12

252

Aemwcb{hﬁncymmh]_ T -
135 Quartz

{luzed silica)
Eccoloam PP-4
{Aexible low-loss
plastic foam sheet) &0 RT Durord 6006
(ceramic-loaded PTEF)
Thermoset microwave 9.9 Rfiirii
foam malerial

RT Durowd 5880 2-62 Rexolite 200
{microfiber Teflon (crass-linked
glass laminate) styrene copolymer)
Polyguide 165 320  Schaefer Dieleclric

Maierial, PT
lyolefi 3
(polyolefin) (polystyrene with

Fluorglas 600/ titania filler)
(PTFE impregnated 1.5 Kapton film

|
glass cloth) {copper clad)



M‘WV

L]

WA g
nﬂkemw/.\

Rodibon Mecha

Rodiofid
W

eraclion

-
., -
- -
-

Leaky Waves

memmﬁmw
o ondkemn.

JQG*“Q’?E
!

da
Norsigud



].J&bw-Q ‘-‘b ¢ MoM
. Fu Woaye WOM {Rmh Difftanca Tome Domeonin

Foudr ek MRWOJ
. Wt\wt& Te_c.,\min\-\ﬁ-d

Foe A shuclons 72&/’@1’539 "'“Mfaov':l& W
;;3 :ﬁrj'm;&f



AR A
- P avfernad SI
Z ///_/"‘7 Waye
‘ Fiald calls F =
-y W 2 ir'nfu.'aiu» (e
5 fﬂﬁ\ fiel a__% w""f{ WWeé‘i%%}
ine ———
/ 4
Nab‘ . {x&: _m_g_. ’“b:tr;:f:: ir'lt M.T }E:h
W €2 ~ ']I s S
&Mﬁt ‘:“ m Leua pla:: eeeee f X



Some
s va«f Formudes S5 Odeh aidera 'Deuﬁn

L:O‘i" 2——- e
LA 04—1\@: hﬂrfid.

Rutlevus: /Tw“"
E'_'Q&"‘ : l: (6)= m(@-l'—swﬁ) A
sm[é-!gﬂ"&]

H- . -
h&tﬂ_’,_“‘ : F (8)=Cod6 =

s ot €X L —
I.‘.Ja«awn”:%f%e: O

b % h |

delﬁ . =3 ‘l'l _V..\.".. t- = : L - E
-7 L A :

VewR 3°1 O







M‘-Wﬁt‘ip Brckenmas

Factars constraining the bandwidth of microstrip antenna ele-

ments and arrays

Element

Array

Input-impedance
charactenstc

Side-lobe level
Cross-polarisation level

Circular polarisation
{axial ratio)

Pattern shape
{£- and H-plane symmeltry)

Element gain
Efficiency

Feeder radition

Surface -waves

Element mutual coupling
FFeeder radiation

Corporate feed and mismatch

Scanning loss
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Approximate performance trade-olfs for a rectanguiar patch

Requirement Substrate Substrate  Patch
height relative width
_ permiitivity
High radiation efficiency thick low Wil.i-c_
Low dielectric loss thin low —
Low conductor loss thick — - -
Wide (impedance) bandwidth thick fow wide
Low extraneous {surface thin low -
wave) radiation
Low cross polarisation — low —
Light weight thin low —
Strong thick high —
Low sensitivity to thick low wide
tolerances

Approximate performance trade-offs for an array of circular

patches
Requirement Substrate Substrate relative
height permittivity
High efficiency thick low
Low feed radiation thin high
Wide (impedance) bandwith thick low
Low extraneous surface- thin tow
wave radiation
Low mutual coupling thick low
L.ow sensitivity to thick low

tolerances




NA%WM Wrasq ana nw.u[c.n w'gmoo(wn

hpic ‘It;g Can Le .{ugm/m Vorises Eo«%mul;ud
(R
kool by e L]
Wave R
= ,,,;Q; I o e
N | 55 - clamun 1§ <Lesmen




Fundamental issues that will continue to be addressed

Bandwidth extension techniques

Control of radiation patterns involving sidelobes, beamshaping,
cross-polarisation, circular polarisation, surface-wave and
ground-plane effects

Reducing loss and increasing radiation efliciency
Opumal feeder systems (array architecture)
Improved lower-cost substrates and radomes

Tolerance control and operational factors
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I, »{E, —Ej =10

X (H, - I = 1, In WLI‘ -f-orms

ey — Dy} = ps 1 AL
I,=(B, - B) =10 -

B Awfpis £
Ey—Ep=10
Hy=Hy =k 1a sumer %’D‘l"“s

D~ 0w e
B, - B;=10

Appicatim of bosmdory Condilions arve, aronitind o
gi,m& Manwe LA ‘“MM


Yahya Rahmat-Samii






qutem.s

Coordinale
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Differential Elemasls




'Di.straam of a Vedor Funclion (1)

Arbitrary




Divergents ot a Vedlor Fundion @ (2)

General:  avr- L [A0k = St

L aF, oF, , 9F,
i = —'-l —
Rﬁthnglt ¥ divF =2+ D

oF,
s»"udt divl?--,a—{r "F) + smﬂ'?(F"i a)"'rsmﬂﬁ

1 [a(Flfla‘la) HFahyhs) a(ﬁ"l&u_)

. . . 10 1 @F, oF,
divF = - —(pF + - "+
c’“'ﬂ-dl iv FaF(P:) ry ""-'
voperctor: |
V.F a+-,a+: )(-F+:,F+l”)
. = xa‘ ay 'a x4 5

dF, , oF, , OF,
ol B B divF = V.F



'Di.veramh. Theorewmn

f F-ds = (div F) Ay,
5y

2 H-. A kS Lo LI (div m:'—f;r

e ==

iF-ﬁu " (divndn-_L(divndu
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Stokes Theorem

L U X F)eds = £1r-£

i F-dl = [curl F]-As,

3[f va] = f v

ir-dr = lim 3 [(curl F)-As) -L(c.i F)-ds

dy=0im=]l




Integral Froperly of Cradient

| 1]
l § Gradf)-ar = 0 , P‘OP

PI'OO; : f’ :(grad )edt

4 | 4 4
Po( Po Pe
f grad f)-dl ..I df-j]
= [(u,, us, u3) — f(u3, u3, uj)

\Ndle : arduf ie o conservalive field. l




Gradient of @ Scalar Funclion (9)

Generalized - padfma Ll LY LY

Coordinates TR R ) %

lgrad /] = [(Eig;;)’ ' (E%Z.)’ (i )T,.

M“a\'&" L zr-df=a,§£+ a,%u,-g{

Spherical : SOV UL



Curl of a Vector Field (1)

Integration
sense

curl F = a,jcurl F), + ajfcurl F, + asfcurl F)y-

F-dl
nfewrl Flu = ,'.','B.i'&‘,‘

§ F-dt

. F.dt : f‘ i lim
curl F= 8, ‘l.:To §‘A3‘ + a, A!':TO ASg + t L Asy=0 A‘:'
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Laplacian
Operdlor
(1)

vf

.;Fl' af

2 Oy

+
i
2 Oty
. + a, !

9

- hE:
1 .[&8-
- (b4
) +
o (2 L)
+ 50 (4
W )|

v
Y
) m vy = 24
+ g5
+

ThE




Ceneval: vavya ,'_, . a;’};(%"é) *'32;(%3%2) +3%2(%3%;)]

,\'\ |
Sphevieal:  vy-3i 2 (Z +?"la‘n—ﬂ%('i”%)+;"£rj$

Cindvical:  wmvw-l2(8)+ hE




Laplacian Operalor (3)

Ceneval : 7 =i o (am:) * m(%’ﬁ)*ﬁ(‘l?ﬁ)]

(83, F; + 8,F3 + 26F0)

W H VF = 2, V*F, + 2, VF, + a,V°F,



wvm-:%+%$+"7+'[m(ﬂ; a:;)]
ol (% + )]+ o[ (2 + )

o°F, &F, , &F, F, , F, , &F
W) = a, (55 + 50 + 5% + (G o )
F, . &°F

[ 8 [OF oF, 9F, 9°F,]
rulg (B ) -5 -
‘9 (9F, . OF,\ @®F, ®F,
rolz () - -
@ (3F, = @F, ?F, &F,
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Algebraic

(1) F-G = G-F

QFXG=—GXF

(3) F+(G + H) = F-G + F-H

WFX(G+H)=FxG+FxH

(5) F % (G X H) = G(H-F) — H(F-G)

(6) F(GXH) = G:(Hx F) = H.(F X G)
Integral

mflr-aufrv-ra

® § Fdt = [ (O xP)ds
® § 10)-ds = [ 7% + NN

10) § UV - W1ds = [ UV5 — gV |

Differential
(VS +2)=Y+ Vg
(12) V«(F + G) = ViF + V-G
MVXF+G) =VXF+VXG
(14) V(fg) = fVg + gVSf
(15) V-(/F) = F-Vf + AAV-F)
(16) V«(F X G) = G-(VX F) - F-(V X G)
(AN VRUF) = (V)XF+AVXF
(18) V.Vf = V¥

(19) V(VxF) =0

@0) VX (V) =0

(21) VX (VX F) = Y(V-F) - V°F
(22) VX (/Vg) = Vfx Vg






