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Abstract

The performance of a fully anechoic chamber (FAC) for radiated emission (RE) measurements has been evaluated using the normalized
site attenuation (NSA). To do this, the antenna factor (AF) of a set consisting of nearly identical antennas has been calibrated at an open
area test site (OATS). Appropriate correlation factor (CF) between the chamber and the OATS has been calculated. Results show that
the performance of the chamber is fairly good with respect to the ANSI-limit except 41~66 MHz for vertical polarization and near 900

MHz for horizontal polarization.
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1. Introduction

Since radiated emission (RE) measurements have been made
at the OATS, considerable efforts have been focused on
overcoming the ambient noise problem at the OATS. One of the
attempts is to use a fully anechoic chamber (FAC) o~
Suitability of the FAC to RE measurements is also verified by
evaluating the normalized site attenuation (NSA) of the FAC
BIU1 This approach is originated from the evaluation method of
the OATS specified in [8],[9].

In [6), it is reported that the results of the theoretical emission
model for the correlation of the FAC to OATS are better than +4
dB according to ANSI/IEEE C63.4 1 Moreover, a draft document
for RE measurements in FACs has been proposed 09 In this
paper, we use the same approach proposed in [6], [10]. The
method correlating FAC to OATS measurements using the NSA is
briefly described and it will be applied to a specific FAC, i. e., an
immunity chamber for the IEC 61000-4-3 immunity test i
installed at the Korea Research Institute of Standards and Science
(KRISS). Measured results are compared with the ANSI limits of
+4 dB and a few concluding remarks summarize this chapter.

I. Theory

2-1 The CF between FAC and OATS Measurements

In this paper, it is assumed that the inner space of the
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chamber is free space. This means that there are no reflected
waves inside the chamber. Therefore, fields of the chamber due
to an electrically small dipole are easily obtained. In calculating
a correlation factor (CF) between the FAC and OATS, the near
field-terms in the field expressions of the small dipole are
accounted. It is noted that ANSIIEEE C63.4 ™ does not take
into account near-field effects for tuned dipoles, since they are
included in the calculation of the mutual impedance correction.
The CF is defined as

C"cf,‘N=2010g—ll%°—‘“—3|‘—1i (1)
FACIM

where [E oarsiy and |E pacl, are the electric field
strengths at an N m-OATS and in an M m-FAC, respectively.
Note that the field strengths at the N m-OATS should be
calculated in specified height range of the receive antenna
corresponding to the measurement distance. ‘

Fig. 1 shows 3% for both horizontal and vertical polariza-
tions. It can be observed in Fig. 1 that the CFs with and without
near-field terms lead to difference of as much as 1.0 and 0.8 dB
for horizontal and vertical polarizations, respectively.

2-2 The Normalized Site Attenuation

The NSA measuring method is described in detail in [8],[9].
An equation which implies basic measurement procedures is
given by [8]
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Fig. 1. Calculated correlation factor €37 for (a) horizontal
and (b) vertical polarizations.

NSA oars =V pirea — Voars — AF r— AFg— 4AF 7071 2)

where  NSA o415 =NSA measured at the OATS,

V birect = the reading of voltage with the two cables discon-
nected from the transmit and receive antennas and connected to
each other via an adapter,

V oats = the reading voltage with the coaxial cables

reconnected to their respective antennas and the maximum signal
measured with the receive antenna scanned in height,
AF r=antenna factor (AF) of the transmit antenna,

AFp=AF of the receive antenna,
AAF ror=mutual impedance correction factor.

If the NSA is measured in the chamber, the similar equation
for evaluating the NSA can be expressed by

NSA vac= Vopirea — Viac— AFr— AF—4AF 107 (3)

where

NSA pac= NSA measured in the FAC,

V pac =the reading voltage with the coaxial cables connected
to their respective antennas and with the receive antenna placed
at a fixed height in the chamber. It is assumed that all other
terms in (3) are identical to those in (2). This implies that the
AFs both at the OATS and in the FAC are assumed to be same
each other even though they depend on the test facility. The
received voltages V gars and V o have the following relation

using the CF defined in (1)

M-N __
Cca - VN,OATS- VM.FAC

—_ E ,
=|E oats| v, dBuvim |E pac u.aBuvim @

Inserting (4) into the two equations, (2) and (3), and taking
difference between the two resultant equations give

NSA 1?1, oats = NSA urac— C %‘N (3)

Therefore, the NSA measured in the M m-chamber NSA 4 pac can
be converted into an equivalent NSA at the N m-OATS
NSA y oats by (5). The superscript ‘¢’ indicates ‘equivalent’ and
it denotes the corresponding NSA is not for an actual OATS but
for a chamber.

Note that all terms in (2) and (3) are expressed in dB. Careful
observation of (2) and (3) gives us two facts of importance: One
fact is for AAF 7o Since we use two broadband antennas
instead of two resonant dipoles for measuring the NSA in the
chamber, we assume that there is no mutual coupling between
transmit and receive antennas, i. e., 4AF 7,7=0. The other is
for determining the AF, AF; and AF,. We measured the
AFs using the Standard Site Method (SSM) detailed in [12].

M. The NSA Measurement System. in the FAC

Fig. 2 illustrates the system for measuring the NSA in the
chamber. The FAC has been installed for the purpose of the RF
immunity test according to 1EC 61000-4-3 ", The FAC with
the dimension of 8.36 m (L) X 594 m (W) X 3.00 m (H)
has 19 mm-thick ferrite grid absorber backed by a metal plane
on its six walls.

IV. Results and Discussion

4-1 Dependence of the NSA on the Receive Height

To investigate the dependence of the NSA on the receive
height, the transmit antenna is positioned at a fixed height
hy=1.5m. Then height of the receive antenna j, varies by

0.95, 1.2, 1.5, 1.8, and 2.1 m, respectively, above the floor of
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Fig. 2. The NSA measurement system in the chamber.

the chamber. The procedure to obtain the NSA of the chamber
which is equivalent to the values of the OATS is as follows:

(a) Measure the voltage readings V pac and ¥V piq by the
system shown in Fig. 2.

(b) Calculate the measured NSA of the chamber NSA pac
by substituting appropriate values into (3). Note that
AFT= AFp and 4AF ror=0.

(c) Convert NSA pac into NSA fars using (5). Here,
NSA §ars is the NSA of the chamber which is equivalent to
the NSA of the OATS.

(d) Compare NSA Haps With the ANSI-limit to make a
decision whether the chamber complies with the requirement of
alternate test sites ™.

Fig. 3 shows the dependence of the NSA in the 3
m-immunity chamber on the receive height for horizontal
polarization. The NSA falls within +4 dB-limit in the frequency
range of 30~300 MHz, while it deviates from the +4 dB-limit
by 1.8 dB for #,=1.5 m in 889~907 MHz-frequency range.
However, the NSA complies with the ANSI-limit for #,=0.95,
1.2, 1.8, and 2.1 m. Since the transmit antenna is fixed at the
height of 1.5 m during the experiment, this means the
symmetrical configuration of the transmit and receive antennas
with respect to the chamber height H heavily affects the
horizontally polarized fields in the chamber.

The dependence of the NSA in the 3 m-immunity chamber
on the receive height for vertical polarization is shown in Fig.
4. The dependence on the receive height reaches up to 1.7 dB
in 30~1,000 MHz-frequency range. It is noted that the NSA
deviates from the ANSI-limit by a factor of 1.1 dB in the
frequency range of 41 ~58 MHz.
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Fig. 3. The dependence of the NSA of the chamber on the
receive antenna height for horizontal polarization.
The AF measured under the condition of =3 m
and k=2 m is used. {a) 30 MHz~300 MHz, (b)
300 MHz~1,000 MHz.

4-2 The NSA for Accounting a Test Volume

To take into account the volume of an equipment under test
(EUT), the transmit antenna has been placed at various points
within the test volume with both horizontal and vertical
polarizations. It is assumed that the EUT does not exceed a
volume of 1.0 m depth, 1.5 m width, 1.5 m height with the
periphery greater than 1.0 m from the closest material, i. €., the
grid ferrite absorber, that may cause undesirable reflections.
Detailed measurement method is found in [8]. The graphical
illustrations are not given here because the NSA behavior with
respect to the test volume is quite similar to those regarding the
receive height shown earlier. However, results show that the



KANG et al : CORRELATING FULLY ANECHOIC CHAMBER TO OPEN AREA TEST SITE MEASUREMENTS BY THE NORMALIZED SITE ATTENUATION

15
N Vertical Polarization
10048 000 e NSA of ANSI C63.4 [g]
TR e +/-4 dB limit line
51 S Yl T . AF:h=1.5m, h=1~4m

j <. R=3m h=15minthe FAC
0)
s 0
g ol
5,
Z -10] :2
—a— N =
154 —>—h,=1.8m
——hz=21m
-20 T T v T T T T T
30 60 90 120 150 180 210 240 270 300
f (MHz)
(a)
]
Vertical Polarization
S NSA of ANS) C63.4 [8]
i +/-4 dB limit line
10 AF h=1.5m, h=1~4m
[ ¥ ... R=8m,h=15minthe FAC
o)
T -15%. e
8 20
‘:<’() —e—h,=0.95m
2 254 —&—h=~12m -7
——h=15m
30 —"—h2=18m
——h,=21m
-35 : v
300 400 500 600 700 800 900 1000

Fig. 4. The dependence of the NSA of the chamber on the
receive antenna height for vertical polarization. The
AF measured under the condition of R=3 m and
hi=1.5 m is used. (a) 30 MHz~300 MHz, (b)
300 MHz~1000 MHz.

performance of the chamber is fairly good with respect to the
ANSI-limit except in 41 ~66 MHz-frequency range for vertically
polarized case and near 900 MHz-frequency for horizontally
polarized case.

V. Conclusion

In this paper, the performance of an FAC for RE measure-
ments has been evaluated using the NSA. To do this, the AF
of a set consisting of nearly identical antennas has been
calibrated in advance at the OATS. Appropriate CF between the
chamber and the OATS has been calculated. The distance

between the transmit and receive antennas during the AF
calibration and the NSA measurement in the chamber keeps
constant as 3 m.

Results show that the performance of the chamber is fairly
good with respect to the ANSI-limit except in extremely low
frequency range for vertically polarized case and in extremely
high frequency range for horizontally polarized case. These
preliminary results will serve as a basis for further works to
verify the RE measurements in the chamber.
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