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Abstract:  Antennas used in radiated EMI
measurements must be calibrated for determining
the free-space value of the antenna factor. Hence,
the present paper proposes an antenna calibration
technique using the Sandard Antenna Method
where transmit and receive antennas are oriented
for vertical polarization. The method of moments
is applied to investigate errors introduced in
calibration of a biconical antenna for the
frequency range from 30 to 250 MHz. As a result,
appropriate antenna arrangements are found for
the calibration that can provide the free-space
antenna factor with an error less than 0.1 dB.
Furthermore, insertion loss measurement required
in the antenna calibration is theoretically
investigated to evaluate errors in actual
calibration measurements. It is found that the
insertion loss exceeds 60 dB at 30 MHz, which
may introduce an additional error of about 0.2 dB
in the antenna calibration.
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1. INTRODUCTION

The International Special Committee on Radio
Interference (CISPR) recently decided to use the
free-space value of the antenna factor of a
measuring antenna in  order to achieve
reproducible radiated EMI (el ectromagnetic noise)
measurements at frequencies from 30 to 1000
MHz. Hence, calibration methods of the EMI
antennas have been discussed for determining the
free-space antenna factor [1].

There are several antenna calibration methods
for EMI antennas that are considered to have the
potential to yield the free-space antenna factor.
Among them, the Standard Antenna Method is
believed to yield the most accurate antenna factor
specific to the antenna height. But, it requires

specia antenna arrangements and environments to
provide the free-space antenna factor. For example,
antennas must be placed in sufficiently high
positions or above an absorber-lined ground plane
[2].

In contrast to these methods, the present paper
proposes application of the Standard Antenna
Method where the antennas are placed above a
metal ground plane and oriented for vertical
polarization to reduce the effects of a ground plane.
Hence, numerical investigations are carried out
using the method of moments to find appropriate
antenna arrangements that can provide accurate
free-space antenna factor. Furthermore, theoretical
analyses are performed to evaluate an additional
error introduced in the practical insertion loss
measurements required in the antenna calibration.

2. ANTENNA FACTOR AND CALIBRATION

2.1 Definition and an Equivalent Circuit

The antenna factor of an EMI antennais usually
defined by the ratio of the strength of an incident
electrical field E to the voltage V induced across
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Fig. 1 EMI antenna and its equivalent circuit
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the antenna output terminals, that is,
e (1)

asshownin Fig.1 (a). An EMI antennain the VHF
band consists of radiating elements and connected
circuits, such as a balun and a matching pad.
Referring to the equivalent circuit of the EMI
antenna shown in Fig.1 (b), the antenna factor can
be rewritten as

Zin + ZO
h.Z,
where the Zj is the load impedance of the antenna

(usualy 50 Q). The input impedance Z;, and the
effective length h, of the antenna are given by

AF =

AF = , )

= ZaD+ B , (3)
Z.C+A
and
e )
" ZC+A’

In the above equations, the Z, and he are the input
impedance and the effective length of the radiating
elements of the antenna, respectively. The
connected circuits are expressed in terms of a
transmission matrix (A, B, C, D) [3]. Thus, the
antenna factor depends not only on the
characteristics of the radiating elements but also
on those of the connected circuits.

2.2 Height Dependence

When an antenna is placed above a meta
ground plane, as shown in Fig.1 (&), the input
impedance of the radiating elements Z, varies with
the antenna height h. It implies that the antenna
factor changes in magnitude with the antenna
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Fig. 2 Variation in the antenna factor with the antenna
height (Z,=100Q)
(Solid line: vertical polarization, dashed line:
horizontal polarization, arrow: free-space value)

height. For example, height dependence of the
antenna factor is shown in Fig.2 for a half-wave
tuned dipole antenna oriented for horizontal or
vertical polarization. These were calculated with
the method of moment (MoM). The solid lines and
the dashed lines denote the antenna factor for
vertical and horizontal polarizations, respectively.
The arrows represent the free-space values of the
antenna factor for 30 MHz, 50 MHz, and 70 MHz.
From this figure, the antenna factor of an EMI
antenna is supposed to converge on the free-space
antenna factor as the antenna height increases. The
antenna factor for vertical polarization is less
sensitive to the ground plane than that for
horizontal polarization.

2.3 Sandard Antenna M ethod

The Standard Antenna Method is a calibration
method of an antenna that requires a specially
designed antenna named the standard antenna
whose antenna factor, AFsrp, is rigorously
determined through theoretical and experimental
studies. In antenna calibration, a transmit antenna
is placed at a height h; above a metal ground plane
as shown in Fig.3. Separated from this antenna by
distance D, the standard antenna is placed at a
height h; for the same polarization as the transmit
antenna. The strength of the electromagnetic field
emitted from the transmit antenna is determined
by multiplying the voltage induced at the standard
antenna output, Vgq, by the antenna factor of the
standard antenna, AFsp. Alternatively, the
standard antennais replaced with an antenna under
calibration (AUC) and the voltage Vauc is
measured at the antenna output. Thus, the antenna
factor of the AUC isyielded by

AF,,.(D,h )= \\m AFc,(D,h). (5

Since this method is implemented above a metal
ground plane as illustrated in Fig.3, the derived

Standard antenna

Transmit Replace

antenna %—V |—< :,
AU =

]

Vad

Fig. 3 Standard Antenna Method
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antenna factor of the receive antenna may vary
with the antenna height h,. Hence, the Standard
Antenna Method may provide accurate free-space
antenna factor when the antennas are aligned for
vertical polarization because the effects of the
ground plane can be reduced.

3. ANTENNA ARRANGEMENTSFOR
VERTICAL POLARIZATION

The standard antenna method is usually applied
with antenna arrangements for horizontal
polarization, but vertical polarization is more
suitable for calibration to yield the free-space
antenna factor, because the antenna factor is
hardly affected by the ground as mentioned in 2.2.
Hence, numerical simulation was made to
determine the antenna arrangements for vertical
polarization that can yield most accurate
free-space antenna factor in the frequency range
from 30 to 250 MHz. Considering the dimensions
of actual calibration test sites, we confined the
dlowable range of antenna positions to within
D=1 mto 20 m and h=h,=1 m to 4 m. An antenna
under calibration was assumed to be awidely used
biconical antenna loaded with Z;=50 Q. On the
other hand, the standard antenna was chosen to be
either a half-wave tuned dipole antenna or an
80-MHz tuned dipole antenna according to the
freqguency range above or below 80 MHz,
respectively.

The method of moments (MoM) was applied to

Tablel Antennaarrangements
for calibration of abiconical antenna

Frequency Antenna distance Antenna height
[MHZ] [m] [m]
30-80 20 35

90 - 250 20 2.0

| E0.3d3- W0.208-0.308 [H0.10B-0.2d8 [J-0.1d8 |
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Fig.4 Difference between AFyc and AFqree
on 30 MHz (Biconical antenna)

various antenna arrangements (D, ht, hr) for
evaluating errors associated with the proposed
calibration method. For example, Figs. 4-6 show
differences in the free-space antenna factor
between the calibration result AFa,c and the true
value AFe given under the free-space condition.
Since a biconical antenna behaves like a shortened
dipole antenna at frequencies below about 70
MHz (resonance frequency), the proposed
calibration method alows various antenna
arrangements for this frequency range as shown in
Fig. 4 that can yield accurate free-space antenna
factors. On the other hand, at frequencies above 70
MHz, the antenna is placed in a non-uniform field
caused by interference of the direct and
ground-reflected waves. Accordingly, only limited
combinations of D, ht, and hr are alowed for
accurate antenna calibration as illustrated in Figs.
5 and 6. These numerical analyses lead to the
conclusion that the antenna arrangements shown
in Table 1 are most suitable for the calibration
measurement to yield accurate free-space antenna
factors. Figure 7 indicates the errors introduced in
the antenna cdlibration when the antenna
arrangements specified in Table 1 are used. It is
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Fig.5 Difference between AFyc and AFee
on 70 MHz (Biconical antenna)
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Fig.6 Difference between AFyc and AFree
on 200 MHz (Biconical antenna)
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concluded from this figure that the free-space
antenna factor can be determined with an error
lessthan 0.1 dB.

4. INSERTION LOSS MEASUREMENT

The Standard Antenna Method requires voltage
measurements at the antenna output port on Vsmp
and Vauc as implied by Eq. (5). However, these
measurements are usually replaced by insertion
loss measurements between the transmit and
receive antennas using a network analyzer. Thus,
in actual antenna calibration, errors are introduced
in this insertion loss measurement. Hence, the
maximum insertion loss was computed by the
MoM assuming a biconical antenna as the transmit
antenna for the whole frequency range from 30 to
250 MHz. The results are shown in Fig. 8 where
the insertion loss reaches as much as 60 dB at
frequencies around 30 MHz. This is because both
transmit antenna (biconical) and receive antenna
(standard dipole antenna) have low gains in this
frequency range. According to the data sheet of
network analyzers [4], insertion loss measurement
may introduce an error of about 0.2 dB into the
antenna calibration in addition to an error
atributed to the antenna arrangement that was
discussed in the previous paragraph..

5. CONCLUSION

Radiated EM| measurements require measuring
antennas to be accurately characterized in terms of
the free-space value of the antenna factor. Hence,
the present paper proposed an antenna calibration
technique using the Standard Antenna Method
where transmit and receive antennas were oriented
for vertical polarization. Theoretical investigation
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Fig. 7 Difference between AF,yc and
AF, in the proposed method

AAF [dB/m]

was carried out using the method of moments to
evaluate errors introduced into calibration of a
biconical antenna for the frequency range from 30
to 250 MHz. As a result, appropriate antenna
arrangements were found for the calibration that
could provide the free-space antenna factor with
an error less than 0.1 dB. Furthermore, insertion
loss between the transmit and receive antennas
was numerically investigated to evaluate errors
introduced in actual calibration measurements. It
was found that the insertion loss exceeded 60 dB
at 30 MHz, resulting in an additional error of
about 0.2 dB in the antenna calibration.
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Fig. 8 Maximum insertion loss in calibration
of abiconical antenna and a standard dipole
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