


Chiflarringon Limit ofElectrically
Imall Antennas

n

Convention : i-j;
-h

outgoing.

- For ESA , I a fundamental
bound on

the bandwidth efficiency product
.

>Assurions: LTI, passive.

> We start with a
lossless antennawe

will introduce
loss later.

BW < BWmax
oredenergy

Q=
Power dissipated

E> B 3 Amin per period
.

Showthis .

φ= RadiatedI
Ma

pover(
Wu, We)



> Fields outside the min . sphere

Satisfy FSME
.

宦> SWF using a generating
function approach min. sphere.

> Caution : Minimum sphere must
enclose

elements (GNDplane,
cables,

all radiating
etc .)

ESME

&xE = -jwMF ME +KE = o

IXū = j ωt
ㅌ FTTKET = 0

7. F = =0

}7. E = 0
↑2F= p(t. F)- Tx(xxE)

Laim: Solutions to
the vector

wave equ.

PFtKF= 0are :



Fi = 4x (Fa) Fc = k+*XF) , where

T is a constant vector.
E is a scalar

the scalarwave eg.

function that satisfies

F- Generating function
.

pro쁘

'Fi = '( OX (Fa)) = A× (~
(

Fa))

= ↑XCa @('F) = - K
㎡(T× (FaD

= 一 K
(FT)

2
E
=K ' Y'CXFI)= K ×(-K行)
= - KDX 5 = - K

㎡

FE
.

∅

H= L AXT; E =VETXT } TMmodes .µ



E= E TXAm; 片 =- 症 µ

IXE}TE
moder.

F(># Eze
> EYTy mode

F
,

C)E @ EE> FY TE modes
.

Spherical wordinates_

Fin = h(Kr) PrCloso)
eimg

ITX()
= PFr

EikCTXF 'ma)。

E = E Cnm Fimn tDrmim.
m, n

F =[ Eimn DumEn

TM & TE are duals of each
other.

W

TMmn



> Further more, it can
be shown that energy

in a mode is independant of
M .

= TMon mode is sufficient
.

TMon modes are given by

Eo = An-kotoocogdlkrkory
Er = An n (otore Puloso)(

Korht
'ckor}

Hφ = Anaso) [Korhe
'
(kor]

At v= a we definep=
Koa; Zo=

En =jt 0、」Ph(p)

臨=
ま器pro
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Sr = 主 ReEEx
}= 感1Anl

티

_zzvf
"

, z
→ :"input Pin

En

We want Vi & In such
that

文 Re { ViIit
} =Pr 0tn =

Vi =G酷舞 2do
4πn(n+1]Ii= 4長面Phn

'
(p)t

Pu = 主 Re { ViIitY



“梨舞]器
)

& (Wrouskian)
= 苦舞」 ”

네)!Ph.
")

= 춤+했다
)d

KeyIdea : Build a circuit that
has this

impedance (Circuit
Synthesis) .

Recurrence
:
fn = Efn-fue

Velation

Devivative : A = fn-- f.



冶+装(ha _答
昔な器一筒一当
=

맴 +굶-
Jhn-a

)

·
“ 笥+士遮

jhn.zz
)



一品+品
Ip
t
"
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롬홰
jo

= Ladder network !

쁘

。 =+店
C

片 +)と界建浜
C =忌
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앓

飛 목
θ

等
Interpretation
D12 represents radiated power

.

tois .

G HOM have higher stored
energy!

=>O is higher !

Lowest D is associated with TM, mode,

which is just the dipole
mode .

Cauction: Thereoreohercircuithetithtt
to-

ー

Zobel
.

a11一違“登:



>Chu circuits are
minimum energy

circuits (maximum recoverable energy) .

> From circuit mode we
can compute

윙

For n=1, B = j3 +t

Any antenna always
has

]92 [I+a

Caveats
D This is a conservative

estimate because

store incide the

it ignores energy
minimum sphere.

2) Electric Dipole + MagDipole



Qmin = 09(→+子
Also true for circular pol.

BAndwidth Efficiency Limit

BW =(答 )器
S =2

S = 2⇒ 90メ

= BW≈금gZonyrueor power is accepted
=M = - 10dB .

fractional a single
Bu

tuned MN.

持 。 能



BWmax = (ka) (when Ka is small
ka(1)

当 =
や

Theintroducing loss

に影 : φ=ω
Qt = 0 最筋Pe

= St = Y Br

⇒ φt ≥)"
“

. BW E 管



. BW ≤ 官 (a +旅an)
”

n = 1 - single mode or
LP

n = 2- + dual mode or CP.

Valid for single turned matching
network

Multifuned Matching Network
_

-
Bodé Fano Limit

BW =新荊前
It
.....

VSwR = 2 => (9) = y = (n (++y) = 1 . 099

⇒ BW=
=> 4 times more BW ! (Bestcaee..



> Two funed circuit
52 . 3 x

Practical Limit

㎡官 (a +)”

"呼


