ANTENNAS

EMC Antenna Parameters and
Their Relationships

INTRODUCTION

The hasics of the EMC profession
often get buried under the dav-lo-
day effort of continuouws measure-
menl amd the volume of rest and
repotting paperaork. The fundamen-
tal parameter of the mosl common of
Lechnical tnals, the EMOC antenna, is
used over and over without thought
as to its actual meaning. This param-
cler s The antenna factor (AT), A
review of the basics behind this
parameter, and a related paramelor,
the transmit antenna factor (TAF),
provides a basis for the use of the
numerical values, and g more funda-
mental urelerstanding of radiated
EMC measurements.

EMC ANTENNAS

EMC antennas are wsed for EMO
measurements in mither rugged en
vironments involving frequent han-
dling, rapid replacement with a <lif-
ferent antenna o another frequency
band and the notmal wear and tear
of day-in, day-out usage, Lwo shilts
a day, six days a week, in almost all
wealher conditions,

Vor all their apparent simplicity,
antennas used inan cleclromagnetic
compatibility (EMCY laboratory are
as specialized and as sophisticated
a5 antennas for any olher applica-
Liom. These antennas are different in
that their application makes broad
bandwidths the most importane de-
sign prarameter, and pain, efliciency,
and low input voltage standing wave
ratio (VEWR) become rsun;.'{i‘nd:]rlr.r.
Broad bandwidihs are driven by the
broad frequency spectrum coverad
in the pertormance of EMC rudiated
emission and immunity measure-
ments.

JOHN D, M, OSBURN
EMC Test Systems*

The amenna parameters el are
familiar Lo mosl antenns designers
are then secondary design objec-
tives in the developmoent of these
antennas, For all the importance of

the handwidth, however, the an-
tenna parameter most oflen asecd,
the AF, doos relate o the perfor
mance of the antenna. The AF is
used o guantily the value of inci-
deant clectrie fields, and its compan-
inn parameter, the TAF, is used 1o
determine the value of the clocrric
field al g known disrance from the
goneralting antenna.

EMC antennas are wsed for o
types of measuremenrs: radiated
cmissions (R and radiated immu-
nity (RI). In the first case, formal
calibration ol the aolenna and the
use ol tmeeahle sondards are re-
quired. In the second case, calibra-
tone s not required wy the calibra-
Licoms wre usoally performed as part
of a complete EMC test setup.

Each o these types of measure
ments emplovs @ separate descrip-
tive parameter. For radialed emis-
sions measurements, the parpmeter
is the: AF, For raclinted immunity or
susceptibility measurements, it is the
TAF.

These two parameters are jllus-
irated in Figure 1. This Hgure also
illustrates other relaticnships he-

rweeen parameters used in the follow-
ing derivations.

ANTENNA FACTOR

The anlenna factor is the werm ap-
plied in radiated emissions lesting Lo
convert . a voltage level fed by a
transducer o the input terminals of
an EMI analyier into the feld-strength
units of the electromagnetic field
producing that valtage.! It relates
the: value of the incident electric or
electromagnetic feld to the voltage
al the: curpur of the antenna. For an
electric field antenna,
pressed as

this 15 x-

. B
AF = v, i1}
wliee
AF = antenna Factor, m™

E = elecuic field, v/m
WV, =vollage atantennd terminals, V

The AF is usually cxpressed in dB
and when used to determine the
vitlne of an incident electric feld, the
EXPIession is

Epsavmy = Viemgy + Aoty (2)

The derivation of the AF is straighi-
Formeard ard s based on several
Marelamental relationships in antenina
theory. The relaticnships can he
stated an: “The ratio of poter (0 the
lermingting resistance to the power
density of the inciderd wewe i de-

firnred as the effective aperture. "2
Thus
P,
Aa=z (@)
Py
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Combining Equations (14) and {16}
leads Lo a familiar expression

E-LvIoRG,  (18)
which relates the eleciric field

strength at a point raway fram che
transmdlling antenna having input
pawer Poand gain G,

By rearranging Eguation {15) we
have
¥ =+PR (1)

Recalling the definition of the trans-
mnil antenna factor, the ratio of the F-
field developed W the input volage
to the antenna, we can find the TAF
by taking the ratio of the E-field
produced [rom Fogualion (17) w the
powerdissipated intheantenna given
in Equation {18)

1
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v R {20)

iy}

Remembering that the transmillaed
power Pois identical o the power
dissipated in the load, 1", and Ris 50
£, Equaticn (19) simplifies 1o

TAF = L5EG,  (21)

This result is reascnable, as the
TAT should be an inverse function of
distance from the source, and a di-
rect function of the gain of the trans-
mitting antenna, and should be in-
dependent of povwer input. It should
b noted that the gain value in
Equation (171 is the clfective gain of
the antenna, caleulated from the
mcasured values of the AF. The TAF
as used above incorpories antenna
efficiency, the effect of antenna mis-
mmitleh and other losses,

The TAF expression cun he con-
verted 1o dB form by aking 20 x
by of hath sides of Equation (200,
This gives .
TAF g =
Gifemy - 2.22 - 20 x logig (my) (27)

Mote that the: TAF is proportional to
the gain of the antenna and inverscly
proportional to the distance (rom the
antenna. This is rational and sug-
gesls thal the derivation is coret.

CONVERSION BETWEEN

AF AND TAF

As can be seen [rum the derivations,
although the AF and TAF have the
same: units, m'', they are neither
identical nor recygrucal They are
connected by the fact that the gain is
identicul for both expressions. ‘This
fact allows the TAF 1o I computed
from the AF by recalling thac £, - ¢,
and rewriting Eguation (110 as

Gimﬁ:, = |:23::|
20 x logyalframzy) - AFanim 1y - 28.79

Substitating Bquation (22) for Foqua-
tion (233 gives

TAF g = (24)

20 % logyglfpanz) - AFapim-1y - 32.0
(at the distance of calibration)

This conversion is valid for the
conditions [rom which either the AF
or TAF 1= measured. I the AF is
measured over a ground plane (oepi
cal condition), then the TAF com-
puled from the AF is valid lor 2
similar condition.

Remember that the concept ol
reciracity, as it applies o anlennas,
relates 1o the tansmil and receive
pattern, As such, Lhe reciprocity does
nolincluce the effects of impedance
mistmarch, etficiency or oither fac-
tors. These facltors are included in
the measured AP, Thuos, it measured
antenna factors are used, the TAR
computed fom these values will be
acourale when the antenna is usod
unider the same conditions, over a
ground plane. A semisanechoic chan-
Ber alser fulfills the same conditions,
subject to the constrainl thal, over
the frequency nge of the applica-
ticn of this concept, the RF absorber
musl b effective.

SUMMARY

The above discussions have pro-
vided simple derivations of teo pa-
rarncters of an EMC antenna, 1he AR
and the TAF. These parameters are
in daily use by many, but the source
ol the values is not well-kuown. 1 is
the purpose of this paper to pravide
the derivalioms of these parameters
1o llusteate the use of antennus and
why they work as they do.
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