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Antenna Concept

Mode conversion point of view:

A transition device between a guided
wave and a space wave.

Energy conversion point of view:

A converter between photons and
currents.

Circuit point of view:

One-port black box with input
Impedance z,,.

Signal transmission point of view:
A spatial filter.
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Sources of Radiation

« Maxwell’s equations in time-domain

VxE(r,t)=- 8Bé:,t) . Faraday's law

oD(r,1)
ot

V-D(r,t) = p (r,t): Gauss' law

V-B(r,t) =0:Gauss' law

VxH(r,t)=J(r,t)+ : Ampere's law

V-J(r,t)=— 8'05[’0 . continuity equation

e accelerated < time varying
charges currents

é
Electromagnetic Field Radiation



Charge accelerating structures
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Radiation from a short
current filament
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Characteristics of short
dipole(l)

In far-field region  (ry) A,,r)dl,r) 2dl °

)

—jkor

0

: . €
E=jZ,ld¢k,sing -

dtk,sin 0 G
H = |ld/k,sin @
J 0 4 7rx ?

proportional to I, dl(linear superposition)

propagate in the r-direction with Eg, H,
On|y(TEM wave)

E

H_Z =377Q (Eq, Hy in time phase)

sin © space-variation(signaling)

1 .

. distance dependence(power conservation)

e~ J" phase dependence(propagation delay)




Characteristics of short
dipole(ll)

In near-field region(quasi-stationary)

ld/sin 0 ¢f — static magnetic field
Anr?

g Qdf (20?9 SN é)—)dipolefields
4 r r

H =

Electric fields(E,, E,) in time phase
quadrature with H,: energy storage in
resonator

sin 0 variation of Ey, H, and cos 6
variation of E, components

1 oor _dependence confinement of
ﬁeld in'vicinity of dipole(radian
distance y)

r<—
27T



Power flux with distance
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Radiation patterns

Representation of radiation as a function
of direction in space

2-D/ 3-D pattern
1. E-plane pattern :

plane including maximum radiation direction and
electric field direction

2. H-plane pattern :

plane including maximum radiation direction and
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Pattern Examples
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Directivity, Gain

e Directivity : D (dimensionless)
1. Ratio of the maximum radiation intensity to

the average radiation intensity
2. p_Y0O0 P U0.h)n

u,, P /4r
e Gain:G

1. Depends on both directivity and efficiency
2. G=nD

where n =efficiency factor of antenna(0< n <1)
3. Due to Ohmic losses in the antenna



Antenna Input Impedance

 |Input Impedance

= Za_Zc
L, +Z,
rD
7 -7 1+ 7
1-7
A

_P+P +2joW, -W,)

Where P,

1
2\'0\2

. radiated power

P, :ohmic loss of antenna
W, : storage of magnetic energy
W, : storage of electric energy }

Near field contribution only



Radiation resistance
0SS resistance

e Antenna input resistance :
radiation loss and Ohmic loses

IA ° I:)in = F)r + I:)Ioss
CKT | P,— BOX
1(antenna) = —|| | R.
U
CKT ‘% e T Rioss
o—i

 [nput reactance :
near-field energy storage
2 Ja)(Wm _We)
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Antenna efficiency

« Antenna efficiency : n
P R

T"P TR +R

In

loss

Ex) for small dipole
2
R, = 2P zaoﬂz(d_fj

r 2
1] :

di=1Im , f=1MH, (41=300m)

R,=0.0084 matching element

loss

{

:>[ high reactance
very low gain

equivalentlgRX >> R, : low efficiency
small resistance r

An Efficient antenna must be comparable to a wave length in size!



Polarization

 The orientation of the electric field
E.

(1) linear polarization tz
- horizontal E
- vertical ]

(2) elliptical polarization (}
' ﬂfj E, x

- axial ratio:

AR:% (1< AR < )

1

(3) circular polarization
- right-hand 12

ARNEE
- left-hand ~7




Half-wave dipole antenna
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Characteristics of half-wave
dipole

B 2
005(7r COS 6’)
2

1. Directivity :  D(0,¢) =1.64 _
siné

D=1.64 (2.15 dB)

L

HPBW : 78°

2. Radiation Resistance :

Ra=73Q >> Ohmic losses

3. Input impedance :
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(1) resonance near %: half wave dipole
(0.48 4y

resonance near i : parallel resonance (R, is large)

(2) thicker antenna—— wide band characteristic

(3) / << = eRaisvery small
« large capacitive reactance

e inductor tuning — additional
Ohmic loss—— lower efficiency
 small bandwidth

(4) The junction capacitance and surrounding structures
influence in  Z_



Principal use of small

antennas

Table 1.2, Some principal uses of small antenna types. The numbers refer to the Clossary.

! Reasons for using

| Antenna type Platform anall antesna techniques Antenna reference number
p— : — -
i Small monopoles Man=pack radio | Concealment and ease of use 1,18, 19, 20, 21, 22, 26,
| and loops sets and pagers | when on portable equipment 3, 32,3, ¥ 5
| Low profile Aircraft low drag and the mininisation | 2, 3, 11, 12, 27
| of damage to antenna
|
, Vehicles To nininise damage by vandals | 2, 3,7, 8,9, 11, 12, 22,
and environmental effects when | 27
in transit. Concealment.
Ships Linited size of platform for | 13, 23
nunber of antennas required.
Lov-frequency Submarines ' Choice of ELF necessary due 2,4, 5,6,10,13, 23

to dissipative medium

Ground=based

Small towers needed due to
cheapness or concealment

2, 4,5, 6,10, 13, 23

T
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1, SHORT MONOPOLE

this nonopole bas & low radiation resistance
and is highly capacitive (Jastk, 1992, p&-ﬁ,

L0

When tuned

Typically for h/30.05, efficiencies of 30-70% for band-
vidths of 10-1% are attainable after matching (Seeger,
1959: Schroeder and Soo Foo, 1976). The short dipole has
twice the value of r_and requires & balanced feeder ar-
rangement, See also’ inductively-loaded monopole (Glossary

No 18).

&' |

and patched at the input, a low efficiency gener- |
ally results due to pover losses in the matching circuits,

2. INVERTED L~

On top loading a short monopole, the current distribution
tends to becone more uniforn along its length and this {n-
creases the radfation resistance. The fnverted L antenna is
the simplest forn of top loaded antenna and {8 used at HF
and below (Pierce, 1920; Harrison, 1958; King and Harrison,
1949; Prasad and King, 1961), Simpson (1969, 1971) quotes
an input inpedance of about 5 ohms for /30,05 the input
{npedance can be brought to resonance by adjusting 1 so that
HMM%Mmmhthmmmmmmu
transnission-line loaded antennas (Glossaty No 12)(Guertler,

1977).

=T



3. ACTIVE IL

The transistor-loaded inverted L- antenna has been treated
by Hirol and Fujimoto (1970) and Fujimoto (1970) and shown
to be useful in shifting the direction of the maximm in the
antenna pattern by varying the bias supply to the Tr-cir-
cuit, The application of these devices in VHF receivers s
considered in Seetion 2.4.2. Further examples of active an-
tennas are given later and the concept of integrated antenna
systems is described by Fujimoto (1970).

4. TWO-OR-FOUR-ELEMENT TOP-LOADED
MONOPOLE

Simpson (1971) has calculated the input impedance of sever-
al multi-element top-loaded monopcles. These antennas have
approximately the same radiation resistance as the inverted
L but are usually operated below self-resonance and conse-
quently need tuning and matching circuits,

T
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5. SPIRAL TOP-LOADED H(E[DPQLE[(STLA)

e the ratlaion restt sses. Typlcally an an-

| temna with 10.02) over Imy earth wili have an efficiency

of 107 vith an iq;ednnce of 6 ohms, mainly cuntributed by
thé soil, .

N

6, CAPACITOR-PLATE ANTENNA

The capacitor plate antenna is a forn of top-loaded antenna
which has a radiation resistance of 1607 (/) (Weeks,
1968) - this is four tines that of a monopole of the same
length, Versions of this antenna are used for low=profile
applications, as given below.

Atmour plated

Vehicle
surface

7. LOW-PROFILE VEHICULAR ANTENNA

LC cireuit

This VHF antenna is loaded with dielectric material to ob-
tain a very lov profile (vA/60) and robust design for use on
vehicles (Coubau, 1976). It covers the band from 30-80MRe
by using an automatic tuning circuit and has an efficiency
of between 11 and 701,

ST



This antenna is also based on the disc-loaded monopole but
some increase in bandwidth has been achieved by mutual cou-
pling between elements (Goubau, 1976). The top disc has
been segmented into four sections and each is excited by a
small monopole. The radiation resistance is increased to 50
ohms by this means.

A similar low-profile antenna to the above has been devel-
oped by Tokumaru (1976) and consists of two metal plates,
The lower plate is connected to the ground and the upper
plate is connected to the lower. The size of the lower
plate deternines the lowest operating frequency whereas the
upper plate deternines the VSWR characteristics, Typically
a VSWR of 1.4 can be obtained between 1.2 and 2CHz,

9T




10. UMBRELLA TOP=LOADED MONOPOLE

for )\ (Cangi et . 1965). The antenna is usvally op=
erated belov resonance but can readily be made resonant by
adjusting the length of the guy wires, The radiation effi-

clency is similar to chat of the T and L type antennas but |

requires only one tower for installation (Goubau, 1976),

e radiation resistance to 10 ohns

- Dielectric cover

Tuning Coax.
capacitor line

11. CAVITY-BACKED ANNULAR SLOT

The cavity-backed slot 15 particularly used on aircraft and
on vehicles at VHF and UHF where a flush surface is required,
The radiating annular slot is matched to the coaxial feed by
means of a tuning capacitor and 2 coupling loop. Tt has &
radiation resistance of about 100 ohms for a 0.5\ *diameter
(Cuming and Commier, 1958).

LT



Impedance

|
- H In;ding
g

12, TRANSMISSION LINE LOADED

8T

The inverted L- is a special case of the transmission-line
antemna (or 'tranline') where Z = ®. Tranlines exist in a
vide variety of forns and have been used as nissile or vehi-
cle antennas where the body constitutes the ground-plane
(King et al.,1960). More receatly (Goudau, 1976, pl23),
tranlines fitted with automatic tuning for use on helicop=
ters have achieved efficiencies of between 90 and 84 in the
2-5Miz band, for Iv}/50, In this particular case the dipole
node is excited in the helicopter frame thus increasing the
efficiency at low frequency.

S\

A

iy
w7

13, PLANAR HALF-WAVE WOUND
- TRANSMISSION-LIRE

Fenwick (1965) describes a variety of flat half-wave wind-
ings of small height, which are simple to nanufacture and
memm.mMEMMMMWMWMMdUZ
in total length and have a tuned input impedance. Band-
widths of about 0.27, efficiencies up to 10% and impedances
up to 6 obms for 10,01 have been measured.




14, TRAILING ELECTRODE PAIR

trailed through the water.

(Burrows, 1978; Fessenden and Cheng, 1974). Because the an-
tenna has an electric dipole pattern, nulls in coverage oc-
cur and helical loops have been considered to improve per-
formance (Burrows, 1978 and Cafaro et al,,1974),

Blﬁctradén provide the earthing points into the sea-water

h ' mutfhg\g

\l7

150 m'm

The Hula=hoop was originally devised by Boyer (1963) and
later analysed by Burton and King (1963) and Egeshira
(1975). Measurements by Boyer indicated that the antemna
gain vas only 2-3dB lower than a A/4 mast at 4MHz and a good
natch vas obtained by means of a stub. Egashira gives the
radiation resistance as

t 3201 (h/1)?

vithout the matching stub, which is twice that of the top-
loaded monopole.

61T
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16, DOUBLY-FED COAXIAL ANTENNA

This antenna consists of a doubly fed, air-cored coaxial
line folded back upon itself, and is basically a transmis-
sion-line type, Only small height reductions are claimed
(Rahman and Maclean, 1978) with input resistances comparable
to that of a monopole of the same height, The short-circuit
version is much more narrowband than the open-circuit ver-
sion,

Length of

Difference transmission
channel line
load 4,

17, ELECTRICALLY-SMALL COMPLEMENTARY
PAIRS

The mutual coupling between two short, wide antennas can be
used to obtain a wider bandwidth with a good VSWR but with
a sinilar efficiency to that of a matched monopole (Schroe-
der and Soo Hoo, 1976). The impedances of the two antenna
components are made complementary by an inversion network.

- -»-_- i kg
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18, INDUCTIVELY LOADED MONOPOLE

along che onopole rather then a¢ the base a5 ina
circuit (Fournier and Ponerleau, 1978), An effici

coil, appropriately, the bandwidth can be increased to about
2% and the radiation resistance from 4 to 23 ohms (Goubau,
1976, pS0).

g
| ciency of 50 |
| ~70% can be obtained for 10,1} and by choosing the ) of the |

13, FOLDED VERSION OF (18)

A folded version of the above has been suggested by Walters
(1955) and gives a wider banduidth and larger impedance by
varying the ratio of the dianeters of the two arms.

Tz
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Lamensdorf (1973) has used capacitive tuning for a folded
dipole over a band of 573-1270MHz. Diodes were chosen as
capacitive components. No efficiency values were given,

20, CAPACITIVELY-TUNED DIPOLE

The directionality and bandwidth of wire elements can be en-

}i‘ hanced by synthesis, with the use of lumped or continuous
}—tl— 9 passive loadings (Popovic, 1982; Tsunekawa et al. 1982). In
| ¥ E]Jx the case of simple dipole elements, unidirectional patterns
T f have been obtained from a loaded folded dipole (Mikuni and
Nagai, 1972) and some beam shift, typically of the order of
Ly 35°, can be achieved, (Hirasava and Fujimoto, 1980; Tsuneka-
va et al, 1983).
2y ﬂu)
b
i
| 0 E|]i"£z
§ B

21, PATTERN CONTROL USING LOADED
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Shunt
fed
7,

22, HELIX

1968), The
and the radiation res

ly that of a monopole of the same height. The impedance can

be increased by a shunt feed or by a bifilar winding or by
certain loading techniques (Hangen 1961; Ramsdale and Mac-
lean, 1971). The efficiency in the VHF region hag been ana-
lysed by Hiroi and Fujimoto (1976) showing that 807 can be

achieved for a length of 0,05), Further analysis is given
in Section 2.2 of this book,

n turns

23, MULTI-TURN LOOR (MIL)

The MTL has a low radiation resistance
" 320t n? (b/2)*

and relatively high ohmic losses, gving low efficiency and
a high Q. The ohmic losses are affected by the proxinity of
the loops (Smith, 1972) and linit the radiation efficiency
even if n is increased. Matching circuits reduce the effi-
ciency even further, A MIL has been developed for HF ship-
board applications, and the pattern vas basically that of a
horizontal nagnetic dipole (Goubau, 1976, p10),

€<



Dual-frequency PIFA

Two separate patches with a dual feed

feed point 1
short

e t i short
feed point 2

FIGURE 2.1 Top patch of the dual-frequency PIFA comprising two separate patches for
achieving 900 and 1800 MHz operations.




Dual-frequency PIFA

Patch with an L-shaped or folded slit

@ feed
=
ey E -! iSh(}H
feed
(b)

FIGURE 2.2 Top patch of the dual-frequency PIFA with () :
pin pp 1€ dual-frequency PIFA with (z) an L-shaped slit and (b) a folded



Dual-frequency PIFA

Patch with a U-shaped slot

Ly

FIGLIEE 1.5 Tog portch af the dusk-Mregquency PIEA with i embedoed U-shaped S
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Dual-frequency PIFA

Patch with a branch line slit

]

0.8-mm FR4 (€, =44 ) shitrale

gound plane (4080 mat’)

FIGURE 24 Clieometry of the dhial-frequiency MEA with & branch-ling e} dimensians given
mihe figure are in millimieiers. {Fram Ref. 8, © 2000 John Wiley & Sons, [n.)
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FIGURE 2.5 Messured amd smmubated return Joss of the PIFA shown n Figure 24, {Fiom

Ref. B, © 2000 John Waley & Soiss,
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FIGURE 2.7 Meusured radiation pattems af 950 MHz for the PIFA shown in Figure 24
(From Ref. 8, ©) 2002 John Wiley & Song, Inc.)






