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1 Antenna Overview
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1 Antenna Overview
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Antenna Properties

1. An antenna is a transducer that converts a guided
wave propagating on a transmission line into an
electromagnetic wave propagating in an unbounded
medium (usually free space), or vice versa.

2. Most antennas are reciprocal devices, exhibiting
the same radiation pattern for transmission as for
reception.

3. Being a reciprocal device, an antenna, when
operating in the receiving mode, can extract from an
incident wave only that component of the wave whose
electric field matches the antenna polarization state.
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Antenna as a transducer between a guided
electromagnetic wave and a free-space wave, for both
transmission and reception.




Far-Field Approximation

1. In close proximity to a radiating source,
the wave is spherical in shape, but at a far
distance, it becomes approximately a plane
wave as seen by a receiving antenna.

2. The far-field approximation simplifies
the math.

3. The distance beyond which the far-field
approximation is valid is called the far-
field range (will be defined later).

& p————
/\. L R Receiving
antenna
Transmitting :
antenna Spherical wave |

Plane-wave
approximation

Far-field plane-wave approximation.




Steps in evaluation of radiation fields :

(Solution of Maxwell equations for radiation problems)

Vector wave equation—] V2 A + o2 ue A=- Mj

p(r',t)

General approach to solve for radiation problem:
1. Calculate vector potential A

2. Find magnetic field H = iVX/T

3. Calculate the E field by Ampere’s Law E = jELwaITI)
Far field (Plane wave) E= nﬁ Xk




Far-Field Conditions

Reactive Near Field Radiative Near Fieldg Far Field (Fraunhofer)
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D is the length of line source
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2 The ideal dipole (Hertzian dipole)
Definition: A Hertzian dipole is a thin, linear conductor whose length / 1s
very short compared with the wavelength 4; / should not exceed 4/50.

Current along dipole:

i(1) = Iy cos wt = Re[lpe’! ]

0=(R,0,9)

|
I
|
Solution of E and H field at R distance away >
|
~  Dlk*> _. j 1 .
Hy = —— ¢ /*R sin 6, |
= ag © [kR g (kR)2:| : ; 9 Ny
~ 24 ()l k2 _ 1 ] Figure 9-4: Short dipole placed at the origin of a spherical
— JkR a cos @ coordinate system
R 47 10 [(kR)2 (kR)3:| ) ( dinate system.
o plk? sl g 1 j
— JjkR . .
Eo = 477 oe [kR - (kR)2  (kR)3 sin 0 k or B: wave number k= 27”

dipole antennas are commonly used for both emission and immunity testing




Hertzian Dipole—Far-Field Approximation

At far field regions
~  jlolkny (e I*RY | B ]
Ey = sind (V/m), . ‘
’ 47 ( R ( ) . / Y \
- E X |
Hy==2  (A/m), |
N0
o ik - IAz . e s
:spherical propagation factor H = E] wp sin ¢
r
- IAz e o
No = 1207 Q intrinsic impedance of the medium E= e Jb » sin 66




Radiated Electric Field

\{K




The ideal dipole (Hertzian dipole): Far-Field Properties

& - ~Jjpr
1. The fields are proportional to 1/r, I, dl, and sin 6. H = ]ﬁ Jjou © sin 0¢
< - _ 4 r
2. |Efar fietd|/ | Har fieta| = 7o- TAs _ipr
3 2 . e -
3. Efar fierd and Hiyr fiela are locally orthogonall. E= . jp sin 66
U r

4. Egar fietld X Hrar fietd = Kay-.

5. A phase term e/Po" translates to a time delay in the time domain of sin[w(t — r/vp)].

Power flowing density : (Unit : w/m*m)

S-1p
2

Total radiated power (Unit : W)

. 1 1Az, sin 49
xH :—(—) oup

7 per unit solid angle

- = 5 . dA o
P=[[S-ds= [[Sr*sin0d0dg dQ) = — = sinfdfdyp
> :
P80 ( AZ) [_ solid angle I




The ideal dipole (Hertzian dipole): Far-Field Properties

Denoting //+/2 = I, » We can compute a radiation resistance:
B rad

T

7 A

:8()77’((—> (in )
Ao

» The radiation resistance represents a fictitious resistance that dissipates
the same amount of power as that radiated by the antenna when both carry
the same value of current.

* The Hertzian dipole is a very ineffective radiator!

* For example, for a length dl = 1 cm and a frequency of 300 MHz (A, = 1 m),
the radiation resistance is 79 mQ. = In order to radiate 1W of power, we
require a (RMS) current of 3.6 A!

» Ifthe frequency is changed to 3 MHz (A, = 100 m), the radiation resistance is
7.9 mQ and the current (RMS) required to radiate 1 W is 356 A!

Rrad —




The ideal dipole (y-lertzian dipole): Far-Field Properties

3

A 6, =45° : Normalized Radiation Intensity
- & _—FO —F® _ describes the directional pattern of the antenna
1po em@ 0=90° \<}5

=57 ¢ x S(R, 0 . .
N ﬂ A . \D. | : F@,¢) = (S—gb) dimensionless
0.5”\\ He max
Y 9,=135°

(a) Elevation pattern (b) Azimuth pattern For Hertzian dipole

Radiation patterns of Hertzian dipole.

F(0, ¢) = F(®) = sin’6

A A

Dipole axis

Dipole axis

* No energy is radiated by the short dipole
along the direction of the dipole axis

* Maximum radiation (F=1) occurs in the
broadside direction (6=90°)




Hertzian Dipole Example

1. Compute the total power radiated by a 1-m long Hertzian dipole at 5 MHz, if
the driving current amplitude is 5 A. Assume that the antenna operates in air.

¢ 3x10°

T f 5x10°

2 2
P = 407°1; LY ca0n2s?( L) 2274w
A 60

2. Compute the radiation resistance of the antenna from the previous example.




Hertzian Dipole Example

3. Consider the antenna from the previous examples and compute the signal strength
(magnitude of the E field amplitude) at points A and B, as shown in the figure.

A A
B
=Mk oo 60z L g, (_9)5,,(9)
47 R ﬂ- R R —’—_,,f i
"\ 30° P
A x
o e Sin90° e .
R,=2000m, @&,=90° |EA|=5,,( 5000 )=7.85 mV/m 217"
R, 2000

L= _ ~23094m, 6,-60° (E=57 2% )_ 580 mv/m
cos30° cos30° 23094




Magnetic Dipole (Loop)

* A dual to the elemental electric dipole is the elemental magnetic dipole
or current loop. A very small loop of radius b lying in the xy plane

carries a phasor current /. It is assumed that the loop circumference is
electrically small, i.e., 2mb <2A/10.

* This loop constitutes a magnetic dipole moment

P
m=Ixb’=IA (in Am?) 0 r /’>{ﬁ
- ~ 2]

A: Area the loop encloses

<h

~
N
N

o

dl

x

Loop antenna is used for measuring magnetic field emissions and immunity testing at lower frequencies




Magnetic Dipole (Loop)

z‘ Er — O
_ H .
0 r = N N
M // Hg ~ wl-"()mB 1 1 .
S i E, = ;00 sin 01 7 + e_JBOr
I i ¢ g (],30” (2)1’2)
z -
y A2
5 1 1 .
dl Hr :jza)ﬂo—rnlgocose 5 _j 3 e_]BOr
4, B2 “ B
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N .ouempB; . 1 1 1 ) By
Hy=j————sin 6 -+ - e IPo
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k or B: wave number k= 2




Hertzian dipole Magnetic Dipole (Loop)

. A 2
Hy=——¢ /| 4 |sing, Ey = —j——2sin0O| j— + e /P!
T T4n kR (kR)? ¢ = s I Bor 27
~  2Llk* e [ 1 j ] . wpomBy 1 1\ _
Ep = noe ™’ — cos b, H =j2—" cos 9 —j—— |e P
47 (kR)2  (kR)3 g 41, Bare B
~  Dlk> e[ 1 J NP B 1 1 1 .
Ey = noe”’ — — sinf g, —; e e ol i el —JjBor
e kR " (kR)2  (kR)3 S r—— | g Tgn)e

Comparing Magnetic Dipole with the fields of the Hertzian dipole, we see that duality
exists between the fields of these structures. Observations about the electric (magnetic)

field of the electric dipole apply to the magnetic (electric) field of the magnetic dipole.




Magnetic Dipole (Loop)

The far field of the magnetic dipole is characterized by the 1/r -dependent .k
term: -

A —1 r
i _opempBy . e~
far field —

sin 6 ) 0 r 7 _
p 0] , Hyg

~
N\

2 }b2 e—j[277(r//\o)] R % g
= —f Ko sinf ——— ¢
(%) r dl

=Y

-

~ —1 r
P _opgmpBy e P
far field — —

sin 6
4 m, r

_ 2 ol b <in 0 o127/ A0)] ; Magnetic dipole is not an efficient radiator!

T Yo r

Radiation resistance of the magnetic dipole

A\2
Ry — - 31170 (_) A= b’
2 22
[IrRms | 0

Consider a loop of radius 1 cm. At 300 MHz the radiation resistance is 3.08 m€2 . In order to
radiate 1 W, the loop requires a (RMS) current of 18 A. At 3 MHz the radiation resistance is
3.08x10-11 © | and the (RMS) current required to radiate 1 W is 1.8x105 A!




Small loop antenna:

» The small loop antenna is very popular in receiving antenna.

e Multi-turn small loops are popular in AM broadcast receiver.

* Small loop antennas are also used in direction-finding receivers and

for EMI field strength probes.

0!




/.3 Antenna Parameters: power pattern

= R2dQ

Elevation

Total Radiated Power P4 plane

Differential power radiated through dA
dP_,=S,dA=S, -RdA=SdA
Differential area

dA = R’sin6 do d¢

Azimuth plane

Definition of solid angle d2 = sin6 d6 d¢.

Solid Angle
JA 2w
szﬁzsiHO do d¢ Pra = R? f / S(R, 0, ¢)sin6 db d¢
$p=006=0
Power radiated through dA
2r w
dPyy = R2 S(R. 0. ¢) dS2 — RS, f / F(O.$)sin6 do do
$=06=0

— RS /f FO,$)dQ2 (W),

4T Total Radiated Power




Antenna Parameters: field pattern

AZ

N N

Radiation field pattern of a Hertzian
dipole or small loop antenna.

E
—f% —sin O

6, max

The field pattern with its maximum value is 1

» X,y

Radiation power pattern of a Hertzian
dipole or small loop antenna.

F(e,(])) =sin’0  For power pattern




Exam ple Of 3-D Pattern normalized radiation intensity F(0, ¢)

y4

R sin 0 d¢

F(dB) = 10 loglo F
dA = R? sin 0 db d¢ 0
= R2 dQ )
S 5
Elevation 2z [
plane §—10 j’d" "ﬁ\‘\
R= [ N 2
: Al 0
Y ;%_15 m” ":‘““““\\RM\ \\\
: /I[/] ‘ \\ 'f
B a0 / \\\\\\ e
g slm“'l M ‘\“ “\ ‘“
o,(;;/”/, o:‘:\“‘“\\m )"I ‘. i
. S il
) Azimuth plane e ““\\“\“ I"‘

M\

}”I)“’”“\RQ\\\)'!,)‘I%(\‘ il I

il

Figure 9-8: Definition of solid angle d2 = sin# d6 d¢.

Principal planes:

1. Elevation plane (x-z and y-7 planes, etc.)
2. Azimuth plane (x-y plane)

B 9-9:  Three-dimensional pattern of a narrow-beam
antenna.




Polar and Rectangular Plots

0
Main lobe B i il st il 112
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(a) Polar diagram (b) Rectangular plot




Beam Dimensions

1. Pattern solid angle

Qp = // F@, ¢) d2 (sr).
4

the equivalent width of the main lobe

For an isotropic antenna with F (0, ¢) = 1 in all directions,

Qp = 4 (sr).

(a) Actual pattern (b) Equivalent solid angle

The pattern solid angle ,, defines an equivalent cone over
which all the radiation of the actual antenna is concentrated
with uniform intensity equal to the maximum of the actual
pattern.




0
3f-d--p----1 —/\«-/fm

Beam Dimensions b

2. Half-power beamwidth

p=06—01,

where 0, and 0, are the half-power angles at which
F@®,0)=0.5

/’)n:lll V\

_ N

—50—40 —30 —20 —10 4,0 6,10 20 30 40 50
Zenith angle 0 (degrees)

Normalized radiation intensity F(#), dB

|
9%} [N}
(= N

|
(3]
(=)
e I g i iy B —

Since 0.5 corresponds to —3 dB, the half power beamwidth -
is also called the 3-dB beamwidth. /\/V

|
I
I
I
1
I
1
1
I
I
I
|
LA
1
I
1
I
1
1
1
I
|
I
I
1

For the Hertzian dipole antenna pattern, F(8) = sin? 6.
1s maximum at 8 = 90°, 6, is at 135°, and 6, 1s at 45°. So, f = 135° — 45° = 90°.




Beam Dimensions

1. Pattern solid angle

Qp=//F(9,¢) dQ (sr).
4

the equivalent width of the main lobe

Qp ~ ﬁxzﬁyz

The solid angle of a radiation pattern is
approximately equal to the product of the half-power
beamwidths in the two principal planes Q), = By, By .




Antenna Parameters: Directivity

Directivit : S(R, 0,
Yy D — Finax F0,¢) = (R,0,9)
Fiv Smax
B |
]
— || F@,¢)d
4
4
47 Antenna pattern of
= Q_ (dimensionless) log-periodic antenna
p

The narrower (), of an antenna pattern is, the greater is the directivity.
For an isotropic antenna, {),, = 4; hence, its directivity D;5, = 1.

Antenna pattern of
isotropic antenna




Antenna Parameters: Directivity

Directivity D =4m/Q,

Q, = /fF(G,qb) aQ  (sr).
4

Prgq = RZSmax fj F(8,$)dQ = stmaxﬂp
4

Antenna pattern of

4 R2S, . log-periodic antenna

2
= D= AR Smax and Prad = —

Prad

Antenna pattern of
isotropic antenna




Antenna Parameters: Directivity

Directivity of Hertzian dipole
F(#) = sin®6
4

D =
[/ F@©, ¢) sinf db d¢
4r

4r 4
= — = 3 73 =15 Radiation pattern of Hertzian dipole

/ sin® 0 do d¢

06=0

—~—x

¢

or, equivalently, 1.76 dB.




Antenna Parameters: efficiency and gain

Radiation efficiency:

Prad ) .
£ = ;a (dimensionless). (0<¢<1) P;: total transmitter power
t

Gain: 4n times the ratio of radiation intensity in a given direction to
the total transmitter power of the antenna from the connected transmitter

\\Mstmax - b 4__71. _ 47TRZSmax
Pt 'Qp Prad

« If all input power appeared as radiated power
(P, = P,44q), Directivity = Gain.

* In reality, some of the power is lost in the antenna
absorbed by the antenna and nearby structures).

G=¢D




Antenna Parameters: Loss Resistances , radiation efficiency

e Input impedance
Zin = Rin + j Xin

Rin: Dissipation = Radiation + Ohmic loss ~ Rj, = Rrad + Rioss

Xin: Power stored near the antenna . .
n R,.q: radiation resistance

! 1 R .1 istance
Py = Prog + Pioss = E’ngd + EIgRloss loss. 10SS Tesis

» Radiation Efficiency

P, rad P, rad Rrad

s — — B
P t P, rad + P loss Rrad + Rloss




Example: Radiation resistance and efficiency of a Hertzian Dipole

A 4-cm-long center-fed dipole is used as an antenna at 75 MHz. The antenna wire is made of copper and has a
radius a = 0.4mm. The loss resistance of a circular wire of length 1 is given by

! I _ 1 [=afue

Rloss = = = —
O0A o02mad 2ma\ o

Where u. and o, are the magnetic permeability and conductivity of the wire. Calculate the radiation
resistance and the radiation efficiency of the dipole antenna.

Solution: a) At75MHz A=—=———"==4m

The length to wavelength ratio is [/ A =4cm/4m =0.01, so it is a short dipole.

For Hertzian dipole, ] 2
Pog = 40715 (X)




Example: Radiation resistance and efficiency of a Hertzian Dipole
P = 407212 (%)2

1 2 2 2
Proa = EIO Rrqa = Rua =80m°(/1)" ()

For [/A=4cm/4m=001 = |R,,; = 0.08Q radiation resistance

b) Next, we determine the loss resistance Rj,ss and radiation efficiency.

For copper, MCzMO=4JTX10_7H/m 0=58x%x10"S/m

I [nfue 4 x 1072 7 x 75 x 108 x 47 x 1077 1/2—00369
ST oma\ o, 2w x4 x 1074 5.8 x 107 e
Therefore, the radiation efficiency is
Rrad 0.08
= = = 0.69
§ Rig + Rioss 0.08 + 0.036

The dipole is 69% efficient.




Basic Antenna Terms Used in EMC Measurement

Antenna Pattern

The pattern shows the
response of the antenna
as the viewing angle is
varied.

Gain

Gain is a key performance
parameter which
combines the antenna's
directivity and radiation
efficiency.

G=¢D

horesight
axis

00\‘6

V\

pattern

N

gain of
isotropic

\

)

gain of
antenna

Bandwidth

The bandwidth of an antenna
is the operating frequency
range of the antenna

Beamwidth

the viewing angle of the
antenna, in the plane of

measurement, when power
has fallen by 3dB - HPBW

¢ bandwidth )

fio ﬁu

\
\
\
beamwidth




Basic Antenna Terms Used in EMC Measurement (cont.)

Polarization

Vertical
Polatization
|

| SN

Horizontal ===
Polarization

Local Ground Plane

VSWR
4
VSWR = 2%
Vmin
low VSWR is better.

High VSWR means return power is high.

Antenna Factor

This is the parameter of an
EMC antenna that is used in
the calculations of field
strength during radiated
emissions measurement.

E
AF_V

inc

V
E(dBUV/m)=V(dBV)+AF(dBm")

out

Convert between the E-field and the voltage measured at

the output of an antenna.




4 Dipole and Monopole
Half-wave dipole

1. Current in half-wave dipole
i(t) = Ipcoswt coskz = Re [10 coskz ej“)’]

whose phasor is

1(z) = Iycoskz, S 7 ST

2. For Hertzian dipole of length /, E field is:
~  jllk —JkR
Ey =101 <e )sin@ (V/m)

47 R

3. Each length element dz of half-wave dipole is like a
Hertzian dipole, radiating a field

N ik - —jks
dEs(z) = 2P Tiz) dz (e )sin@s
47 )

4. For the entire dinole. the total radiated field is
A /4

B, = / dE,

z=—\/4

Current distrubution
I(z) =1y cos kz

lTransmission .
mne -
=1/ - !
[=4/2 = 4

Dipole = t’(t) ’
antenna .

(a)

(b)
Center-fed half-wave dipole




H a |f-Wa Ve Di p0| e (CO nt -) Current distrubution

I(z) =1y cos kz

Parallel-ray approximation _ ./
s = R — zcos6 : - kR | N
‘ L — M T 4 : JjkzcosO . \
{95 ~ 0 E(Q) a 41 I(Z)dz( R )sm@e Transmission tl(f) \\
) 1=/ line S |
Integration leads to: — - < A ;
~ cos[(7r/2) cos O] [ e J*R . N
Ey = j 601 { I / ) ] } ( ) ) Dipole = tl(f) ’
sinf R ! antenna 7
-~ E
Hy = =0 . (a)
N0

time-average power density 0 =(R. 0, )

|Eo|?

210

1515 {cosz[(n/2) Cos 9]}
7 R? sin® 6

_s { cos’[(7/2) cos O] }

sinZ @

S(R,0) =

normalized radiation intensity ,
FO) — S(R,0) _ cos[(r/2) cos O] (b)
So sin 6 Center-fed half-wave dipole




Radiation Pattern of Half-Wave Dipole

z
Fo) = SRO) _ [coslr/2) cos ] : |
—_——_— = 0.5 = o
So Y Ay

L x-y plane
Radiation pattern resembles that of the Hertzian dipole. \
Its beamwidth is slightly narrower, 78 degrees ’
compared with 90 degrees for the Hertzian dipole.

(a) [=41/2

~—— w2 -

—+ —

Vo

Sinusoidal standing waves of voltage and current electric fields




Other Half-Wave Dipole Properties

1. Directivity

Pog = szf S(R,0) dS
4

T sin @

Numerical integration gives: Prag = 36.6 1§

h_ 477 R% S _ 47 R> (151} 164,
Praa 36.61; \ 7 R?

or, equivalently, 2.15 dB.

Its directivity 1s slightly larger (1.64 compared
with 1.5 for the short dipole)

) 2 1w )
— ﬁ // {COS[(H/z) cos o1 } sinf db d¢
0 0

2. Radiation Resistance

2P, 2 x 36.61°
Rrad == ;dd = ) 0 ~ 73 Q
IO IO

its radiation resistance 1s 73 Q, which is orders
of magnitude larger than that of a short dipole.

The input impedance is
Zin = Ryqq + jXin
Xin 1s a strong function of [/A, and that it decreases

from42 Qatl/A1=0.5to zero at [/A =0.48

- Z;, becomes purely real and equal to 73 Q
- match the dipole to a 75 () transmission line




Quarter-Wave Monopole
T Conducting

A4 lane
/] plas

When placed over a conducting ground plane, a
quarter-wave monopole antenna excited by a
source at its base exhibits the same radiation

pattern in the region above the ground plane as a
half-wave dipole in free space.

However, its radiation resistance if only half of
that of a half-wave dipole, namely 36.5 Q. -

A/4 monopole A/2 dipole !

A quarter-wave monopole above a conducting plane is
equivalent to a full half-wave dipole in free space
(Image theory)

™~ Image

GasaaaaaanEn
Vo

—_
-

Same E field in far field region, normalized
radiation intensity F (6, ¢) (in upper half-space)

Poyq = 18.312 Praa = 36.61§
R,qq = 36.50 Ryqq = 73Q I




Poll

What is the physical length of the antenna operating at
(a) 1 MHz (in the AM broadcast band), using a quarter-wave monopole

(b) 100 MHz (FM broadcast band), using a half-wave dipole

AM radio station in North Carolina FM Antenna




Quarter-Wave Monopole Application

ABOUT 31 INCHES.

Inside side mirrors

On the rear window




Incident :
wave N\, Z

Antenna Parameters: effective aperture

|

(a) Receiving antenna
The effective aperture of an antenna, A,, is the ratio of power received in its load
impedance, Pg, to the power density of the incident wave, S,,,, when the polarization of the
incident wave and the polarization of receiving antenna are matched: - - - - _______

! 1
: — Zin = Rrad +jXin #
o, :
A = Lo (inm? 7 z=rox,
e mm Y ; |41 = 8L TJAL

I —

Say | |
! 1
! =
: Antenna equivalent circuit : Load

(b) Equivalent circuit

The maximum effective aperture A, 1s the A, when the maximum transferring to the load
takes place.




Example

Compute the A, (maximum effective aperture) of a Hertzian dipole antenna.

Solution: To solve A,,,, two conditions should be kept in mind:

.. e N
.......... y w0 ZL=Rai—jX
(1) matched polarization for the incident ./ ...............
wave and the antenna. Eo
(2) matched load. (ie. Z; = Z},)
Zin :Rrad +]X
Suppose the incident wave is arriving at an angle 0 E i P i
1
(1) the open-circuit voltage produced at the terminals of the - :
1
antenna is :%@ V| ZL= Ry +jXL
A . 1 —_— 1
V. |= ‘Eg‘dl sin® ! !
: o
: Antenna equivalent circuit : Load

(b) Equivalent circuit I




(2) power density in the incident wave

2
LIE]
ay
2 n,
(3) the load is matched
2
h . d l 2R — l ‘/oc R —— 1
the received power > =513k d rad | I P
ra I I
2 2 . ' 1
1% |E,|" dI’ sin® 6 v ' _
PR = = Ih)c@ : ZL =Ry +jXL
8Rrad 8Rrad : B :
| 1
.y . : : ! o
(4) radiation resistance for Hertzian dipole ! Antenna equivalent circuit ! Toad

2
dl (b) Equivalent circuit
R  =80x"|— *
Matched load Z; = Z;,,




d. For general antennas, the above relation hold.

D(6,¢)= j—f A, (0.9) for lossless antenna.

0

G(0,¢) = i—f A, (0,(,5) for lossy antenna.

0

The maximum effective aperture of an antenna used for reception is
related to the gain in the direction of the incoming wave of that
antenna when it is used for transmission.




Example

The effective area of an antenna is 9 m?. What is its directivity in decibels at 3 GHz?

c 3x108

f - 3x109
2
From A ., (0, p) = :—nD(H; ®)

0.1m

> D(6,¢) = 3 Am(6,¢) = =9 = 3600

D| ~=10logi3600m = 40.53 dB




Antenna Factor

Antenna factor is a common way to characterize the reception I_E‘;nc\/—'
properties of EMC antenna.

Antenna factor 1s defined as the ratio of the incident electric field

Zea

at the surface of the measurement antenna to the received voltage

at the antenna terminals:

AF = |E_ (1/m)
Ve

VOC

ledBm—l = EdBV/m - %BV = EdBpV/m — %pr
Antenna Spectrum

analyzer




Example: Find the antenna factor at 100 MHz for following measurement data.
(1) The field intensity of antenna surface is 60 dBul /m

(2) The Spectrum Analyzer measures 40 dBuV
(3) Coaxial loss= 4.5 dB/100ft

. T_/\/” n Vrec @
solution: f\f ) >—0- Specturm

Vae [ e— 30ft - Analyzer

E (dBuV/m)=AF (dBm™)+V,, (dBuV)+cable loss (dB)

dBuv
m

AF ggm-1 = 60 2% — (40dBpV + 4.5x —-dB) = 18.65dBm ™
Biconical

X-Series analyzer with N6141A Antenna
EMC measurement application

—
e
-

e aT>
e o

Tripod Device
under test

- L B -
i v EF -
o Al
= a2l
-
AT eR & ® -'--j

=




The Friis transmission equation

The coupling of two antennas.

“ » d
\
% (O, é7) (Br, Pr) I\
____________________________ Pr
Gr(01, ¢r) Gr(Or, Pr)
Aer (07, ¢7) Aer(OR, Pr)
Tx antenna Rx antenna

x/At .\\
—_— S d7 . —_—
Pt Prad Prcc

Transmitting
antenna

Receiving
antenna

So far, we discussed
o transmitting antenna parameters
* radiation pattern, normalized field
intensity, directivity, efficiency, gain
o receiving antenna parameters
« effective aperture, and antenna factor




Friis transmission equation

(1) The power density at the receiving antenna of distance d.

P
Say = FszGT (GT’¢T)

ay

(2) and by the definition of effective aperture, the received power Py
Py =S40k 0z)

av”® “eR

PR _ GT (HT’¢T)A6R (HR’¢R)
P, 4rd?

(3) and we know

47
GR (8R7¢R) = ?AeR (HR’¢R)
P A Y
?: =G, (6T7¢T)GR (HR’¢R)( 4; d) Friis transmission formula
(4) In terms of dB

10log,, (%) =Gy 45 + Gy 4y —20l0g,, f-20l0g,,d +147.6

T




Friis transmission equation

Note:
Friss transmission equation is valid under two assumptions:
(1) the receiving antenna must be matched to its load
impedance and the polarization of the incoming wave.
(2) two antenna should be in the far field

d>D
D is the maximum dimension of the antenna




Example

A 3 GHz microwave link consists of two identical antennas each with a gain of 30 dB.
Determine the received power, given that the transmitter output power is 1 kW and the two
antennas are 10 km apart.

P,

I GT (QT’¢T)GR (HR’¢R)( }LO

dmd

P

2
) Friis transmission formula
T

30
G = 1090 = 1000

3x108 \*
3x109%4mrx104) 16072

Pp = 103><103><1o3><< = 0.633 mW




5 Broadband Measurement Antennas

o FCC prefers to use half-wave dipoles for measurement of radiated
emission from 30MHz~1GH, it is time consuming because its
length must be physically adjusted to provide A/2 at each frequency.

o Broadband measurement antennas for EMC.
1.Input / output impedence is fairly constant over the frequency band.

2.The pattern is fairly constant over the frequency band.

o Two commonly used antenna

1.biconical antenna -- 30MHz~200MHz
2.log-periodic antenna -- 200MHz~1GHz




5 Broadband Measurement Antennas
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The Biconical Antenna

< Infinite biconical antenna
1. half angle O .
2. feed point with small gap.

Transmissi
feed line
>y

< In the free space, the symmetry
Suggests:

HO e_jBOr

sin 6 T

Ee = noﬁ¢ = TNo

slane

B
=

o o

=~ E-plane




The Biconical Antenna (Cont.)

note: (1) Zm is independent of frequency( flat response) for infinite core
(2) but practice antenna is finite length, so

Z.n =R+ jX > storage energy will appear

EMC biconical antenna

truncated biconical antenna
composed of wire elements




The Biconical Antenna in OATS EMC measurement

The outdoor set up for EMC measurement.
Open Area Test Site (OATS)




The Biconical Antenna in Anechoic Chamber

"N BB RN DA e
T 2 3 D B R R RN e

. - -'\\i,‘-\\\--""
- .\ » »am
- 5 .y

Biconical antenna polarization




The Biconical Antenna in EMC measurement

Title: H unit 6 30_300 MHz PKjpg CISPR2S NB Class S Peak |~
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Biconical antenna measurements results
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Preview of Radiated Emission Test

P 3or10m -~
Antenna
1 ] V, dB 1V
n [l I] Cable 1 “
EUT : ] Pre-Amplifier
L] ”
i RENoiselVeter
E, dB uv/m

>
=

-0 (5] 1® (o) :
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o 1] £ m 2
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Frequency Frequency Frequency Frequency Frequency

E(dB u V/m) = V(dB u V) + CL (dB) — PAG(dB) + CL,(dB) + AF(dBm™)




6 Antenna Arrays

* Hertzian dipole, small loop, half dipole,
and monopole are all omnidirectional

y because of symmetry of the structure.
: \ e .. )
2o l\ﬂ"z . * Two or more omni-directional antennas
‘9 ' 2 y
' I can change the pattern (create null or
1 N f 2 . . .
X maximum). Better both for communication
N - and EMI considerations.
1a) \NF
L N\
N

* This can be achieved by phasing the currents
to the antennas and separated them sufficiently

i : _ such that the fields will add constructively and
9 » -1 . . .
SN \ Lot destructively to result in the null/maximum
TN AL T patterns.
\\\\ }p
N

()
HGURE 5.7 Computation of the radiated ficlds of an array of two dipoles: (a)
definitions: (b) the far-ficld approximation,




Phase Amplifiers
shifters (or attenuators) Antenna
elements

Antenna A =
y ) ay I
By using two or more omni-directional antennas to @ a, ]
produce maxima and/or nulls in the resulting pattern _O '
. . i a; 1
(constructive/destructive).
Suppose the E field due to each element antenna is @ ay b—ri
N M I koR (a) Array elements with individual
E9 - ¢ JkoRo amplitude and phase control
R Linear-array configuration
y g
{ 0~ R0.0.9) * The far fields at point Q due to each antenna
o Element N— 1 are of the form:
< Element N — 2 __ MI20 “jkoRo
| 00 = “p— e
(N-1)d Element i 0
Element 1 10 P Mlta —jkoRq
dI E91 = c
- Element 0 y Rl

(b) Array geometry relative to
observation point




note:
1. I1 =J[/0and 12 = [Zo, we assume that the currents of the two
antennas are equal in magnitude but with phase difference a.

2. M depends on the type of antennas used.

_ dly
for Hertzian dipole: M = jnoko (E) sin 6

Z
: o * Q
for long dipole . M = jeyF(0) "2
) Element 2, Iz« r
The total field at point Q
dj2 |6
R ~ R _ jafe Tko™t ja e~Jkoz ja =/
Eg:E91+E92:MI€2 ez + e 2 d/Z/ Xy
n 2 Element 1, 120
using for field approximation.
(1)r; =2r,=r fordistance term. Parallel-ray approximation for 2D case.
ner+ Ecos@,
_d o d d
2) =1 +5cos y=r+-sin @sin ¢ r, & 7= cos6

d d . . - Ny
rB=r —ECOS y=r —Esm @sm ¢ ,where cosy = a- *ay =sinf sin®




—jkom1

ja
Eg = E91 +E92 = MI€7<
d
7

MI ja
=——e2e ]kor(e

r

ja

ez +

e Jkor2

)

_Je JkoT]  ja nd a
= |M Z2e 2 cos( sm951ngb——)

Tr 2’0

pattern of individual elements

X

Farray(e' (,0)

e

_Jﬁ)

sin @ sin ¢— ) +e ](k(czi) sin @ sin ¢>—62£))

d. The principle of Pattern Multiplication:

Array Factor

The resultant field is the product of the individual antenna element and

the array factor Farray(0, ).

S(Ro, 0, ®) = Se(Ro, 0, @) Fa(0).

1\ . Power density
Power density radiated by an
radiated by the

individual
entire array element

!

Array Factor

For 1-D antenna array along z-axis

N-1 2
— W, jikd cos 0
Farray = z a;e’ el
i=0

a;: magnitude ratio between elements
Y;: phase shift between elements
d: separation between elements in 1D




Example: Array of two vertical dipoles

An AM radio station uses two vertically oriented half-wave dipoles separated by a distance of /2.
The vector from the location of the first dipole to the location of the second dipole points toward the
east. The two dipoles are fed with equal-amplitude excitations, and the dipole farther east is excited
with a phase shift of —m/2 relative to the other one. Find and plot the antenna pattern of the antenna
array in the yz plane.

X F(0)
: 42 > (North)
T : :
w2 Oms) o
phase
shifter
ap — 1 a) — 1
wo=0 w = —m/2 Y (South)
y
(a) Dipole array (b) Observation plane (¢) Horizontal-plane pattern

Two half-wave dipole array




Example: Array of two vertical dipoles

Find and plot the antenna pattern of the antenna array in the yz plane.
1 2

Z a,ejLPiejikd cos 6
i

i=0

=11+ e_anej(ZTn)(% cos @

T T 1 o
|Farray| = 2 Famax = 4 when ECOSQ — 7= 0, cosf = 5,9 = 160

In the yz plane, half-wave dipole radiates uniformly
9 Se = SO

|2

, 2
_ |1 + e](rrcos 9—72£)|
The power density radiated by the array is

=4 2 (71 0 — 7_T) T T
T OO Ty S(R,0) = SyF,(8) = 4S, cos? (ECOSQ - Z)

.f F(o) :normalized radiation intensity is

y Array factor




Log-Periodic Dipole Array (LPDA) Antenna

d,—| | ,iﬂi’lb’
/—~\2;’m"’ﬂ//~1m Lm
=L I A
l) ~~\\\'L s : J
RM—% \\l\

() Dipole array

LPDA is constructed as below

balanced feeder

—
-—

(c) Crisscross connection

P C

Scale factor

_ g dpia

o dn

constant

Element length L,
and separation d,

(b) Radiation pattern

The most common form of log-periodic antenna used for the measurement of radiated

emissions from 200 MHz to 1 GHz is the log-periodic dipole array.




Log-periodic antenna polarization in EMC measurement
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The Log-periodic Antenna in EMC measurement

Title: H unit 6 300_1000 MMz PK.jpg CISPR2S NB Class S Peak [7<

Ampltude

L8R 8 YE &8 B3

N b1 L ol ] B 1L

' '
300 1000

Log-periodic antenna measurements results



Aperture antennas

Huygen’s principle:

* Each point in an advancing wavefront acts as a source of
spherical, secondary wavelets, that propagate outward.

* The secondary wavelets cause the wave to spread as it
travels away from the aperture.

O ° —
[
: [} :% Normalized far-zone E-field vs. Observation angle
ncident ° : ° 1
field - 0ol
diffraction o8r
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