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DESIGN AND FABRICATION OF AN RF ENERGY METER
PART 3: ANTENNA FOR POWER DENSITY MEASUREMENTS

D. N. Uduwawala

Department of Electrical and Electronic Engineering, University ofPeradeniya

Figure 1. Wave incident on a loop
antenna with arbitra ry polarization and
direction.

possible direct ions whic h is a ted ious
and erroneous job.

The small circular loop ante nna
(rad ius a < 0.03..1.. ) has the important
property that the received power P, is
proportional to the square of the
magnetic fie ld perpendicular to the
loop (Balanis, 1996). I.e.

P, 'J: H; = H 2 cos2 a sin2 g. (I)
(See Figure 1). Therefore, the sum of
received powers obtained by plac ing
the loop in three orthogona l planes is
proport ional to the actual powe r
density Savg of the incoming wave
(assum ing plane waves) irrespective of
its direct ion. I.e.

P;O''''oc(l/ 2+H ; +H;). (2)
PJl>/lI' C" (')

.'. 'J: " ",x ' -'
In other words, three loop antennas
placed orthogona lly to each other
forms an isotropic antenna provid ed
loop radius a < O.03A . Therefore, this
is the right choice of antenna for field
measure ments. As the first step, one
loop antenna will be constructed and
the incident signal power density is
calculated using the power
measurements obta ined by placing the
loop in three orthogonal planes.
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Introduction
Different applicatio ns demand
different types of antennas based on
frequency, bandwidt h, angular
coverage, polar ization, gain etc.
Various types of antennas ranging
from simple wire antennas to
soph isticated smart antennas, which
can change its properties to suit the
environment, have been designed for
vario us appl ications.

Because of the extensive use of
electromagnetic spectrum by various
wireless commu nication systems,
electromagnetic field measurements
arc especia lly needed nowadays to
determine whether the signal strengths
around are beyond the acceptable
lim its for human beings. The antenna
is an esse ntial component of such a
field probe and it has to be isotropic
over the frequency band of operation.

This paper desc ribes the desig n and
construction of an anten na for an RF
energy meter operating in 300-1300
MHz. The Energy meter calculates the
incident signal power density by using
the signal power received. at any
freque ncy in this range. The remaining
parts of the design of the meter (part I
and 2) have been described in two
separate papers in these proceed ings.

Choice of the Antenna
The anten nas are genera lly not
isotropic. The refore, the received
power of an anten na depends on the
direction of the incident wave and its
polar ization in addition to the ante nna
efficiency and VSWR at the feed
point. Thus, in order to pick the actual
power density of the incoming wave,
the anten na has to be rotated in all
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By ca librati ng the meter the inc ident
power de nsity can be calculated.
Theoretically, the proportionality
constant can be shown to be

k = 3~' R, (1- lpJ ) (4)
8Jr R, + Rr

where ,.t is the wave length, R,. is the

rad iat ion resist ance, R, is the loss

resistance and Pr is the reflection

coefficient at the teed point. For a
small loo p. a ll these parameters can be
ex plicit ly ca lculated.

For the frequency range of operation
300-1300 MHz. the requ ired loop
radius is 0.6 em. The standard method
to cons truct the loop antenna is to
integ rate the balu n into the loop itself
(Kraus et aI, 2002) as shown in Figure
2. The loop can be made of a bare·
copper semi-rig id coaxi al cable with a
suitable diameter. fo r exam ple 0.047
mils 'Wh ich is commercially ava ilable.

C ha racteris tics of the anlen na:
Analytical a nd sim ulation results
Loop antenna characteristics are
obta ined both ana lytically and from
simulations. The simulations results
are ob tained by using the
commerc ia lly ava ilable
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e lectromagnetic solver HFSS (High
Frequency Structure Simulator).
Figure 3 shows the characteristics of
the loop . Figure 4(a) shows the
variation of the inverse of the
proportional ity consta nt ( Iflc ) with

frequency. The corresponding power
density compone nt (one of the three
compon ents) can be ca lculated from
Figure 4(a ) as given below.

S " '" = P .(-'- ). (5)
dOl' ' k

The receiver is designed so that
minimum powe r level at the rece iver
input is I 10 ' dBm. Therefore the
minimum dete ctab le pow er den sity of
the meter can be ca lculated fro m
Figure 4(a) and it is plotted in Figure
4(b). These power de nsity values are
we ll below the practica l values of
typical transmitters. Eg.: power density
of the field c reated by a mobile phone
radiating 2 W of power at a distance of
I km is 159 nW/m2.

Conclusion
Design of an antenna for an energy
meter operating in the frequency range
300-1300 has been described. The
antenna is a loo p antenna of radius 0.6
em. Its suitability for this particular
application has been just ified by us ing
both ana lytica l and simulation resu lts .
The method of construction of the
antenna and how it can be used for
power density measurem ents have a lso
been described . The next step is to
construct the antenna using a semi­
rigid bare-copper coa xial cable
asse mbly and calibrate the antenna.
The purchase of bare cop per sem i-rigid
ca bles has been on hold due to lac k of
funds.
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Figure 3. Variation of typical parameters of the designed loop antenna with
freq uency.
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Figure 4. (a) Va riation of 11k with frequency, (b) Variation of sensitivity wit h

freq uency.
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