Covity Mmodel Hor the Peceﬁanuc]ular Patch !

wWhen the Microstrip patch 1S ene?ized a
chayge oistribution is established on the upper and
Lowey SUuxfaces oOf the fpouz‘:ch os well as on the

surface of the ground Plane .
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Chaxge olatvi bution and cuxvent o(&nslgy

Cyeation OO micyosStrtp patch

The Chaxge distribution s contyolted by two
mechanisms.

1. Attvactue  and

2. Repulsive mechanism

The oattractive mechanism is between +the
coryesponoling opposite charges Onthe botlom Side
of +he. patch and the ground plane which tends to
r%)aintain the Chayge concentration on the bottom of
the Patch .



The vepulsive mechanism s between Li ke chages

on the boltom side ©f #he poatch which tends 4o push
Some. chomaes Ffrom the. bottom of the patch axound
its edgec to its top Surface . The movement Of these
chavges Creates coryesponcling Cuxrent densities

I, and I, at the bottom and top Suxfaces of the
pateh .

Since +the height to width vatio Is \/e% Small
Ho Oathractwe mechaniem doeminates anol most Of
the chaxge concentration and curvent flow yemoatns
tndeyneath the Patch.

p emall amount of cuvvent flows oxound
the edlges of the patch to its top surface . TRiS
curyent Llow olecyeases ds the height to width
yatio olecyreases.

The tangential magnetic fields at the edges
would hot be ex,ac%%o ze20 olue to Ffinite height
to width yadio. However Since they will be gmall,
a- good Ot_ppmfxlmoﬁfion Lo the covity modetl is to
byeat the Side wallls as 7>ezm@ec£€7 ma@neﬁc
éonotuc/:ing. This Mmoolel pyoduces good normolized
electric oand mﬁneﬂc +ield olistyibutcons benecath
the Patch .



The cavily model wepregents the patch as a
dietectric —tloaded a.aw"g Lol
& electricol toalls C above and below pafch) and
E's Magne%ic tolls ( avounol +the Ppertmeter of the
’Pafcth)
The mo&ne«&ic wall je o wall ot which
hxH =0 (—fha H-Lietol is ‘waey mmrmaQ
h.E = 0 C#‘be E-Sreld 1s puvely q':anﬁen%jcﬁ

Recause the thickbess of the micyostrip IS
usuall Vezf small The waves Qgenevated within the
olielectyic substrate undejﬁo considerable. veflecHons
tohen -rhe<7 axvive at the edge of the Ppatch  Thevefore
@n&, o smoll Fraction ©f the Incident enexgy 1%
yodiated . Thus +the antenno. 18 consideved to be Ve?f
thefficlent .

The cavity model asoumes that +he E - field 18
puyely tangential 1o the Slots Sformeol between the
5mund plare and the Patch edges (magpetic walls).
Move over it considers Onéy Trx modes/ l.e ., modes

with no Hy component .
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The S<eld (lonqﬂ#’gum{io—ns within the cavity
can be Ffound tsing The vectoy potential . The
volume. beneath the Patch cab be tyeated as
memﬁmy cavl&(7 toaded with a oielectyic matertod

with olielectste Constant &,
The Oielectyic Mmatertal of +the cubctysate Is

assumed. 4o be truncated anol not ex{:e,ndedl
beyonol the eolges Of the. pa,z’rch ,

The TM* modes oxe fully desevibed by a
Single function Awx  the - component of the
m%ne{—ia vector Potential

A = AQL;(\ — (D
Tn o homogeneous Source Hwee medium A

satisfies the Woue egam/:&on :



vax + KA, =0 —s. &)

For wegulax shapes C like Yea{—m@u/{ar cawly)
LE i advanﬁc@wus {o use the Lepavation of Variables.
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The elgen value e@u.a)(iﬁh /s

2 2L
K +Ey +Ky =K — @

The Solutien Of egu. 18
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A% 4K =0
x
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mZK K, x =0
2
sz 4k )R =0

2

&
mE = — Ka

o= UKe ——>
Since #u aoots aie )maﬁina?fﬂm_ 2ot
to the olffesential eger 1S
x(x) = A cos(kex) + B, sin (ke ) — @

S‘t'm}lay@/
The Solutien Oﬁe?us@ and @) is

y(4) = A, cos(kyy) + Ba Sin(ky Y) — (2
Z (=) = A3 cos(k, 2) + Bz Sin(k2) —~ (3
sub egus. (D,®,B n @
Ay = [A cos (ke x) + B, gin(kx )| [ cosly 5),#328-,”@9
[ h5eosCea) s o3 sia)]



where Ky Ky and Kz ave the wave numbers dalong
»x y and z olivectcons
The electric and maghete Fields withtn the
cavity ove velated to the vector Potential Ax .
TIn euy case. +Heye oo €lectric walls ak x=0
and x=h . There +he tangential E—field Components

must vanish (e, Ey =Ez =0 /quh

2
B = <5A»c +K2A99 ~ ()

Jusing \ x>

E, an) — (1©)

E, = _ | <<52A9¢> — (™
Jus & OxOz
wo et A, ot the top and bottom walls as,
AAx

-0 S ®

x:qh
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At Qide walls  we Set oo l/o.n}gh'm\g nosmal
desivatiue oy Px

5'6791) =0 . 3/%& =0 ‘9
oz =0 L



This ensuyes Vanishing Hx and Hy at z=0 and

z=L as well as Vanish/n_g He anol Hs at Y=0 and.
Y =1 (mcgnerlic wa,//s), as Jollows fvom +he welation
between +the H—"zetol and Ase .
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The b@cmdazy cond; tcons are
— Jop & Botltom plate

Hz:

£, =0 ab x =0 and 2=h
Hy =0 ak =z=0 and z=W j 2scle wal .

Hz =0 at H:O and Y=1r

NOW conaicley eé’,a

sub egu /n
Ju g Sxdy

= | ;ég‘ [@, Cog Ky + B, in Ky ge) X
¢ é )
JMK.LE:, 52-5 <A2 QDSF\JH "'—Bg_ Qip Kfj _q) X

C Az Cosk Z + B3 Sio Ky Z)J
::______'___, _’@q [(A' COSKye X - BISiDKXD() X
Jufa & 9x
(- ha Sinkyy Ky +RaCOSKY Ky )

CAB COS Ky Z + B3 SFOKZZ) {



| . .
C A, Sin ke X Kx o+ B cestka) X

<’~ As Sinky YKy + By COSKy Y Ky ) %
<A3C@SKZZ + B S7nKZ’Z)j —(
Sub xR =0 ?n@
E :..L———
B, Kx <~A2 Sinky Y. Ky +52c@skyy-’i¢)’<

Jusfr§
<A3 Cosk,z + Bsg sSin kK, Z)J

E. =0 at %« =0

Assume B, =0 to make Yy

cub x=h and B=o in egu (23

E_l:{: _\;_L___ L——A, S/ﬁkm‘h'KD&]

JWE
Kxh — MO
Ke = ”_1_‘? 7 @
h
S)m)l’aﬂj ,
o= BL €9



APPlying the Second boundary condition in e;u.@

Hyzo at z=0 anod z=w

O Ax

——
—_—

—/TL— oz

-] 9o [<A'COS@X_ %) + B, sinkx x)) "
M Oz CAzcos@y—q)"—B" sinfy y)) x.
<A3 cos(kz Z) + Bs cinlk; Z))j

Hy

Hy =_1 (A, cosfkx %) + B, Sk 99) X
. (A coskyy) + 8, sinkyy)) X
<——A3 gink, 2)- Kz + Bs coslk, 2)- KZ)]
e

sub z =0 'm@ —>

Assume Bz =0 to moke Hy =0 ot zZ=0

B
sub B3=0 and Zz=W In @
CHy = _L'-L— [(Aw cogkx ©) +B, s'm@x@) %
(As coskyY) +B, sinfy Y)) *




— Az 3INK, W.k; = O
Sin ks, W =0
Ko W = PW
-2 @
N
p=o0,1,23 ...

sub B, =B, =Bz =0 In e.c;u
TFus the final form for the vector potential

A, Within the cavity is
A = Amnp co8s (Kx x’) CoS (Kyy’) Qos(kzz’) ..?
whezre Hmn‘p 'represenbe the OJT)PL‘MQ Coefficients

of each mnp mode . The wovenumbers K Ky Kz are

ec;uo,t to

-— mif) m——O,Z”__

Kﬁ - (_LTI_) / fn:O/l/Z,/——-—
L

-

— [P _ L
Kz -<'P , p=0L2
N

m=n=PFO0
- wWhevre m,n, P '3’277‘0’2361'71’:5 the mumber of half cycle

7CLeLa( variations along the %4 =z directions.-

Since the wavenumbers Ke Ky ond kz Qwe subject

to the constraint %aaﬁon
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2. 2 2= >

Ke +Ky + Ky = <'mn) nn) (Pn) = k2 = uilg
—

The wesonant ')C'rec;uencies fox the cavity ave

8LV€h by
5 honp = ﬂr J(m”) Cm) +<‘E‘) —> €3

substitute equ G2) in equs. (3 (3 and
equs. E5)>@2)

Ex = '—I—— & Ax + KZAac)
JWLE \ gx?
= (Amnp COS <Ka:9'- ) COS(’(H 3)
Jw/«ta axz cosCKz z ))
+ K (AmnP CoSs Q(x,x) CDS(_L; 17') cosfez z))
Juspr &

Ex = < Amop 3“7@%") 2 'COS(KHH)
jushg B cos (=2)
K= (Awmnp- cos(kxx) cos<)<yy) ws(k22)>
Juﬂ,h&

Jwg oy (Kz.z')>

- k= Amnp . COS8 <'<x "Q’)- Cos (Kg _LJ) Cos <Kz ZQ)

e

JusLE
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B = = (KZ"K:;). Hmnp- COSCKXX’), Qos<)<yg’)-
w/*f} CoS (KZ.Z’) %@

Similarly,

Ey = ke ky Arnp. Sin(kx ') - sin(ky 5') COS(KZZI) -9

WA g

Amnp - 3sin @x"/)' cos <l<y9’) 3in Q<Zz’)

o @
He = 0O —9

Hy =~z Amp - Cos(kx)). cos(yy!) sine=))
. — 37

I
N
[

= _,_<_H_ Aronp - COS CKXX’) 21N CKﬂ y’) C’,OSQ<22/)

IS8 __}

7o determine the. dominant mode with the lowest
vesohance +the vesonant "Fb’e?,aenejes aye examined. .
The moode with the lower Ovder *Fzm_gaenc&y I8 calted as
dominant mede .

Fox all micyosStrip antennas h <<l and h<< W.

i+ L >W>h +he mode with the lowest foec}uen%y (s

—
P

o those resonant *F?reg- 18 ﬁwem by

('F’f)om = = Yo —

{
2L | oL [€,
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T4 L>W>L >h the hext hiﬁhew oveler (second )
2

s TM*  whosge wesonant Axequen is
meocle. (S ) 29 ﬂZ/

(fr Joor = — =% —>
o 2'A‘J7;°« 2 1 &x

Tf L >L >W >h the second ordey mode s
3

T, instead of TMoo) - whose wesonart fxeq.,

: MDZLD

L = % 7
<’FY>OZO L Jue L [e, _>.

. x
T4 W> L > h +he domtnant mode 18 T Mpy,

whose wesonount szreg -

\ﬂ;
) °. - &
Edeor = Tt Atz

I£f W>W > L >h +he Second owdex mode 18 THgws
2>

whose Yesonant fFB’&?v
\}

L =% 6
By = ——= =
(oo w [Teg WJE,

electric

Bageo| on z-component (Ez) +the distzibution

of the tongentiat electric fietdl adeng the sidle Walis of
x x . .
the cavity for TMS,O TMeo) ,TM72>2O’TMoo;_ ie shown I

eﬁ‘guy@ below -
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Figure 14.14 Field configurations (modes) for rectangular microstrip patch.
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