Antenna Basics 3




The “antenna family”

* Wire antennas
* Straight wire (dipole), loop, helix, ...

* Aperture antennas
* Horns, reflectors, lens

* Planar (“microstrip” antennas)
* Metallic patch on a grounded substrate 2

* “Special” antennas
* fractal geometry, on-chip antennas, mm-wave antennas, metamaterials,

antennas for medical applications (implantable)...




Antenna is...

* Passive filter, both in frequency and spatial domain

* Component transforming guided waves to waves in free
space (that is actually 3D spherical waveguide)

* Very important component of the whole
communication channel

* ,The best amplifier” J

guided wave

CST




Antenna link — the low loss link




Waveguides

* With TEM wave (operation from DC): coaxial cable, multiconductor line
* Parameters not function of frequency! (no dispersion)




metallic
ith TE/TM modes (operation above cut-off frequency)

Parameters are function of frequency! (dispersion)
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Waveguides - planar

* With quasi-TEM wave (operation from DC possible): microstrip, stripline, ...
* Parameters are function of frequency! (slight dispersion)
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Waveguides — planar - microstrip




Waveguides — planar - microstrip
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Techeniogy
Type = Power flow (peak) Type = E=Field (peak)
Monitor = power (t=9..1(8.91)) (1) Honitor = e=field (t=0..1(0.01)) (1]
Maximum = 213747 VA/m"™2 Component = 2z
Sample =1 / lee Plane at z = 1.63389
Time =8 Somple =1 / 188

Time = 8




Radiation

* Radiation is caused by accelerating (deccelerating) charge — time
varying current (usually time-harmonic), discontinuities

= e
P =
v-J=—= : ) ' 1) )
ot Z =
» A stationary charge will not radiate EM waves — zero current =2
N ; 1
no magnetic field, no radiated power P =—9zj§5 5
o r‘f,f*’i:,’:/' _h‘?\\\f\:} Electric field lines:
E field lines ‘Q\\\\ “\\‘  Start on positive charges and end on negative charges
\ ~\‘\\‘\\ » Start on a positive charge and end at infinity
5 S o , o Start at infinity and end on a negative charge
é N ) ’ ' “+  Form closed loops neither starting or ending on any
Vi + 444+ - charge

(b) Antenna and fres-space ware If

Magnetic field lines:

f,"”z x:/. * Always form closed loops encircling current because
radiation — process of transfé}mayoh % physically there are no magnetic charges
of guided wave into free-spacewave’ * Mathematically it is often convenient to introduce
equivalent magnetic charges and magnetic currents




Radiation - E

E-Field (peak)
e-field (t=0..end(8.1)) [1]

U/m

3N
207
114
62.7
33.6
17:2
8.05
2.9
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Radiation - H

Type
Monitor
Plane at x
Sample
Time
Maximum-2d
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Radiation — power flow (Poynting vector)
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Matching

F_ZA—ZO VSWR_1+|F|
4+ Z, - 1-—|T

IT4p = 20log(|T])

V/m

7277
6367
1518
2729
910
-916
-2729
-4548
=636/
=7277

E-Field (peak)

e-field (t=0..end(8.062)) [11]
: CST

Computer Simulation
B.1 Technology

Type
Monitor
Component
Plane at x
Sample
Time

Max inum-2d

1/ 56
)

/2276.89 V/m at @ / @ / 8.11547 ¥
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Elementary electric dipole

dz piece of electric current I is placed at origin in the z-axis, dipole length L < A4 (L — 0)

o—JKR

R

A = ! r
dV' R=|r—v|=x2+y2+(z—2')2=rforL -0 J =16(x")6(y")zo

A = 4= [ 1)
Vv

Vector potential has the same
orientation as current!

T Ay=A, =0

N :
al g% . ulLe kT
Ay(r) = = dz' =

-L/2

Transformation between rectangular and spherical vector components
(it is convenient here to describe source points in cartesian and observatign
points in spherical coordinates respectively)

l' Ay [sin@cos¢ sinfsing ,"cos 61 [A,
NAgf =|cosfcos¢p cosfsing ‘s singq |4,
Ay —sin¢ cos ¢ 0 A,
Spherical components of vector potentials in spherical coordinates: )
—Jjkr ]
piLe™ E=—jod———V(-A)
Ay (6,¢,7) = A, cosb S 6 J WHE
—jkr
e ) :
Ag(@,qb,r)——Azst——E = sin 6 H=—VxA

H
Ap(8,4,7) =0
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Elementary electric dipole

Components of electric and magnetic fields generated by an elementary electric dipole

JkIL 1 1 _ These expressions are valid everywhere except on the source
Hy(r,6) = Fsin o|-+ ] eIk itself. In most cases we are interested only in the far-field, i.e.

r jkr?
rJ retain only 1/r terms. Generally, the radiated fields are vector
) functions of spherical coordinates 1, 8, ¢.
ZolL 1 1 ik &
Er(?',9)= 2 cos 6 __2+ k3 g e 10 R R R T T Ty
t = , P — Abs(E/H)
k i |E]| e ADS(E)
jkZoIL 1 1 1 i SSni === Abs(H)
Eg(r,08) = sinf |[—+ - B o NG
- ilra2 24-3 = ERRE
4n r jkrz k% B 05| |Z| TR
= P —— {1 ~
6 - ‘:‘Th:r*:-!-p.n_ |~-u.
H,. = Hg =0 g ‘h*‘L -Hh-hh:':‘“-—: 377
| o N~ - N =i w154 =
Eq) =1 Fields are not function of ¢ g : IHI Pl ¢ Tl
= 10 ML) £ | [ S 5 VS .
\ General distance out of sources / -,_% | THHEL L
{ TN i
* E field is always greater than H field (its
5 | | |

electric dipole) 107

-2 10—1 0 1 102
* kr =1 (r = A/2m)is an important point " :: 0
(radian distance, radian sphere) v
+ 1z = |£| = 120m = 3770 f kr > 1 fdistaticd]
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Elementary electric dipole

Short electric dipole (L = 1/10), magnitude of E-field intensity, radian-sphere kr = 1 (r = A1/2m) shown
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Elementary electric dipole

L =max
I-0

Oscillating electric dipole consisting of two electric charges in simple harmonic
motion, showing propagation of an electric field line and its detachment (radiation)
from the dipole
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