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ANTENNAS

EMC Antenna Parameters and
Their Relationships

INTRODUCTION

The basics of the EMC profession
often get buried under the day-to-
day effort of continuous measure-
ment and the volume of test and
reporting paperwork. The fundamen-
tal parameter of the most common of
technical tools, the EMC antenna, is
used over and over without thought
as to its actual meaning. This param-
eter is the antenna factor (AF). A
review of the basics behind this
parameter, and a related parameter,
the transmit antenna Factor (TAF),
provides a basis for the use of the
numerical values, and a more funda-
mental understanding of radiated
EMC measurements.

EMC ANTENNAS

EMC antennas are used for EMC
measurements in rather rugged en-
vironments involving frequent han-
dling, rapid replacement with a dif-
ferent antenna for another frequency
band and the normal wear and tear
of day-in, day-out usage, two shifts
a day, six days a week, in almost all
weather conditions.

For all their apparent simplicity,
antennas used in an electromagnetic
compatibility (EMC) laboratory are
as specialized and as sophisticatecd
as antennas for any other applica-
tion. These antennas are different in
that their application makes broad
bandwidths the most important de-
sign parameter, and gain, efficiency,
and low input voltage standing wave
ratio (VSWR) become secondary.
Broad bandwidths are driven by the
broad frequency spectrum covered
in the performance of EMC radiated
emission and immunity measure-
ments.
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The concepts of
antenna factor and
transmit antenna
Jactor are integral
to understanding
radiated EMC
measurements.

The antenna parameters that are
familiar to most antenna designers
are then secondary design objec-
tives in the development of these
antennas. For all the importance of
the bandwidth, however, the an-
tenna parameter most often used,
the AF, does relate to the perfor-
mance of the antenna. The AF is
used to quantify the value of inci-
dent electric fields, and its compan-
ion parameter, the TAF, is used 1o
determine the value of the electric
field at a known distance from the
generating antenna,

EMC antennas are used for two
types of measurements: radiated
emissions (RE) and radiated immu-
nity (RI). In the first case, formal
calibration of the antenna and the
use of raceable standards are re-
quired. In the second case, calibra-
tion is not required as the calibra-
tions are usually performed as pan
of a complete EMC test setup.

Each of these types of measure-
ments employs a separate descrip-
tive parameter, For radiated emis-
sions measurements, the parameter
is the AF. For radiated immunity or
susceptibility measurements, it is the
TAF.

These two parameters are illus-
trated in Figure 1. This figure also
illustrates other relationships be-

tween parameters used in the follow-
ing derivations.

ANTENNA FACTOR

The antenna factor is the term ap-
plied in radiated emissions testing to
convert .a voltage level fed by a
transducer to the input terminals of
an EMI analyzer into the field-strength
units of the electromagnetic feld
producing that vollage.! It relates
the value of the incident electric or
electromagnetic field to the voltage
at the output of the antenna. For an
electric field antenna, this is ex-
pressed as

-E
AF = - (1)

where

AF = antenna factor, m!

E = electric field, V/m

Vy =voltage atantenna terminals, V

The AF is usually expressed in dB
and when used 1o determine the
value of an incident electric field, the
expression is

Ewgapuvimy = Viggvy + AFamety  (2)

The derivation of the AF is straight-
forward and is based on several
fundamental relationships in antenna
theory. The relationships can be
stated as: “The ratio of power in the
terminating resistance to the power
density of the incident wave is de-
Jined as the effective aperture. "2

Thus
PC|IJ!

As =
a pd

(3)
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where

A, = effective receivingantenna, m?

P~ power delivered by antenna,
W

P,y = power density of the incident
wave, W/ m?

Following this, then
Pour = PaAg {4}

In addition, from the ITT Hand-
book?

Ag = (5)

where:
G, = gain of the receiving antenna
A = wavelength, m

The output voltage from the an-
tenna V; and the output power are
related by the impedance seen by
the antenna.

2
Pou = 5~ ®)
where
P .= power delivered at the output
of the antenna, W
V; = output voltage, V
Z = load impedance of the device
connected to the antenna,

Finally, the relationship between
electric field strength and power
density of the incident and the elec-
tric field strength is

EE
Pe= 120r )
where
P, = power density of the incident
wave, W/m?
E = electric field, V/m

Substituting Equations (4), (5) and
{(6) into Equation (7), gives, for a
plane wave

vLE EE Grl2
Z 120z 4x (8)

Solving for the AF gives
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Figure I The Relationship Belween Antenna Parameters.

In a 50-chm system this becomes

9.73

AF =
VG,

(10)

st

In dBs, this becomes (in units of
inverse meters)

AF = 19.8 - 20 x log(k) - 20 x log(G) (11)

TRANSMIT ANTENNA FACTOR

The TAF provides a means of com-
putation of the input voltage to the
antenna to provide a given value of
electric or electromagnetic field at a
stated distance from the antenna.
The transmit antenna factor relates
the value of the electric or electro-
magnetic field generated by an an-
tenna as a function of its input. Thus,
the fundamental relationship is

TAF = Cteaum
{dBv)

(12)

The transmit antenna factor is,
then, expressed in terms of dB

Ejaaqvim)) =

Vinjae(v)] + TAFagm Yy (13)
ar:

Vintds(v)) =

Efg(vim)) - TAF@a(m-1) (14)

Derivation of the TAF proceeds
from three standard relationships.

The first is a varation of the Friss
transmission formula®

PG,

g =
dxr2

(185)

where

P, = radiated power density at dis-
tance r from the antenna, W/
e

B, = powerinput to the antenna, W

G, = numerical gain of the antenna

r =distance from the antenna
where the power density is
evaluated, m

The second is Ohm's Law?

=i
P= | (16)
where
P = power dissipated in a load, w
V = voltage across the dissipating
element, V
R = resistance (impedance) of dissi-

pating element or load, £

The third relationship is Ohm's
Law for Free Space®

Fd=

E2 E2

n  120x (17)

where

Py = power density of the incident
wave, W/m?

E = electric field strength at that
point in space, V/m

1 =impedance of free space,
120m82 = 377 0



Combining Equations (14) and (16)
leads 1o a familiar expression

E=-V30RG (18

which relates the eleciric field
strength at a point r away from the
transmitting antenna having input
power P, and gain G,.

By rearmanging Equation (15} we
have

Vv, =vPR (19)

Recalling the definition of the trans-
mit antenna factor, the ratio of the E-
field developed to the input voltage
to the antenna, we can find the TAF
by taking the ratic of the E-field
produced from Equation (17} to the
power dissipated in the antenna given
in Equation (18}

-

1
+ V30 PG, -~
o

TAF=E .
.‘F’ n
Remembering that the transmitted
power P, is identical to the power
dissipated in the load, P,_, and Ris 50
£, Equation (19) simplifies to

TAF = :_ V0BG, (21

This result is reasonable, as the
TAF 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 power input. It should
be noted that the gain wvalue in
Equation (17) is the effective gain of
the antenna, calculated from the
measured values of the AF. The TAF
as used above incorporates antenna
efficiency, the effect of antenna mis-
match and other losses.

The TAF expression can be con-
verted to dB form by taking 20 x
log,, of bath sides of Equation (20).
This gives

Gids) - 2.22 - 20 % log1o (rim))  (22)

Note that the TAF is proportional 1o
the gain of the antenna and inversely
proportional to the distance from the
antenna. This is rational and sug-
gests that the derivation is correct,

CONVERSION BETWEEN

AF AND TAF

As can be seen from the derivations,
although the AF and TAF have the
same units, m'!, they are neither
tdentical nor reciprocal. They are
connected by the fact that the gain is
identical for both expressions. This
fact allows the TAF to be computed
from the AF by recalling that [ = ¢,
and rewriting Equation (11) as

Giag) = (23)
20 x logyg(fmHz)) - AFaB(m-1) - 29.79

Substituting Equation (22) for Equa-
tion (23) gives

TAF 4gy = (24}

20x |Dg-|ﬁ|:fm|.|z],} 2 AFI:'E-[I'I'I'H -32.0
(at the distance of calibration)

This conversion is valid for the
conditions from which either the AF
or TAF is measured. If the AF is
measured over a ground plane (typi-
cal condition), then the TAF com-
puted from the AF is valid for a
similar condition.

Remember that the concept of
reciprocity, as it applies to antennas,
relates to the transmit and receive
pattern. As such, the reciprocity does
not include the effects of impedance
mismaich, efficiency or other fac-
tors. These factors are included in
the measured AF. Thus, if measured
antenna factors are used, the TAF
computed from these values will be
accurate when the antenna is used
under the same conditions, over a
ground plane. A semi-anechoic cham-
ber also fulfills the same conditions,
subject to the constraint that, over
the frequency range of the applica-
tion of this concept, the RF absorber
must be effective,

SUMMARY

The above discussions have pro-
vided simple derivations of two pa-
rameters of an EMC antenna, the AF
and the TAF. These parameters are
in daily use by many, but the source
of the values is not well-known, Itis
the purpose of this paper to provide
the derivations of these parameters
to illustrate the use of antennas and
why they work as they do.
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