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SUMMARY  The site attenuation is an important parameter to evaluate
an anechoic chamber. The ray-tracing method has been applied to analyze
it. However, the lowest applicable frequency has not been cleared. In this
paper, the FDTD method has been applied to analyze the site attenuation of
a compact anechoic chamber from 30 MHz to 250 MHz, and this has been
compared with the calculated one by the ray-tracing method to evaluate
the lowest frequency where the ray-tracing method could be applied. The
compact anechoic chamber, where the absorbers are placed on the all walls,
has been used for the calculation. For FDTD analysis, the dipole antenna
and the absorber have been modeled by using the large cell, whose size
is larger than the diameter of the antenna element. For verification, the
site attenuation of a compact anechoic chamber has been measured and
compared with the calculated values by the FDTD method and the ray-
tracing method. As the results, the calculated values by the ray-tracing
method have larger deviation than the ones by the FDTD method when the
frequency is less than 180 MHz.

key words: FDTD method, ray-tracing method, compact anechoic cham-
ber; site attenuation

1. Introduction

Recently, emission radiated from electric and electronic
equipment has disturbed with surrounding radio communi-
cation. Therefore, the emission levels and testing method
have been published by CISPR [1]. In order to pass the
conformity test, emission level from EUT (Equipment un-
der Test) must be mitigated below the defined limit. In many
cases, preliminary test is performed in a compact anechoic
chamber. However, it is difficult to make clear the relations
among different test sites because, particularly in a compact
anechoic chamber, reflection from the absorber much influ-
ences the test results.

In order to evaluate relations among test sites, it is use-
ful to computationally analyze the site attenuation of ane-
choic chambers. The ray-tracing method has been utilized
to this analysis [2], but it cannot be applied for evaluation
in the low frequency where wavelength is longer than the
size of the anechoic chamber. On the other hand, the FDTD
method [3] has been developed to calculate the site attenua-
tion from 30 MHz to 100 MHz [4]. The FDTD method can
be applied to analyze the site attenuation at any frequency.
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However, the large computer power and long calculation
time are needed. Therefore, it is important to use properly
the FDTD method and the ray-tracing method according to
frequency.

In this paper, the site attenuation of a compact ane-
choic chamber is calculated by both the FDTD method and
the ray-tracing method. On the FDTD calculation, the large
cell, whose size is larger than the diameter of the antenna el-
ement, is used to model the dipole antenna and the absorber.
The calculated results are compared with the measured ones
to estimate the frequency where we should change the cal-
culation method.

2. Calculation of Site Attenuation of Compact Ane-
choic Chamber

In order to estimate the frequency where the calculation
method should be changed from the FDTD method to the
ray-tracing method, we should calculate the site attenuation.
The calculation method by the ray-tracing method has been
reported [2]. However, the calculation by the FDTD method
is difficult because it needs the large computer power and
calculation time. Recently, the method using the large cell,
where the size is larger than the diameter of the antenna el-
ement, has been reported [4]. We can calculate the site at-
tenuation by PC using this method. However, the method
can only be applied at 100 MHz or less. Therefore, we in-
vestigate the FDTD modeling method to calculate the site
attenuation more than 100 MHz.

The calculation model of the site attenuation is illus-
trated in Fig. 1. The compact anechoic chamber is covered
with the absorber on the all walls. Ferrite tile and pyrami-
dal ferrite are used as the absorber. The site attenuation is

Perfect electric conductor

(Wide : 4 m)

Fig.1 FDTD analysis model of compact anechoic chamber.
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defined by the propagation characteristics between transmit-
ting and receiving antenna in the anechoic chamber. There-
fore, the site attenuation mainly depends on antenna charac-
teristics and reflection from the absorber, so that the model-
ing of antennas and the absorber is very important.

2.1 FDTD Modeling of Antenna

Half-wave or tuned dipole antennas are generally used to
evaluate the site attenuation of an anechoic chamber from
30 MHz to 1000 MHz [5]. However, these dipole antennas
cannot be used in the compact anechoic chamber in the low
frequency where the antenna element length is longer than
the size of the chamber. Therefore, the shortened dipole
antenna whose element length is adjusted to the half-wave
length at 80 MHz is used to evaluate the site attenuation of
the compact anechoic chamber less than 80 MHz [5], [6].

In this paper, a pair of Schwarzbeck VHAP, whose ele-
ment diameter is 8 mm, have been used as a shortened dipole
antenna less than 80 MHz, and as a half-wave dipole antenna
from 80 MHz to 250 MHz. The sub-cell method [7] has been
used for the modeling of the dipole antenna. On the calcula-
tion, an antenna factor of the dipole antenna depends on an
equivalent diameter for the sub-cell method [4]. Therefore,
the CSA (Classical Site Attenuation) in free space is cal-
culated by the FDTD method when the cell size is around
40mm and the equivalent diameter for sub-cell method is
changed from 3mm to 17 mm. The results are then com-
pared with the ones by the method of moment [8]. Its de-
viation is shown in Fig.2. From this figure, the optimum
equivalent diameters can be determined so that the CSA in
free space by the FDTD method coincides with the one by
the method of moment.

The optimum equivalent diameters are shown in Fig. 3.
This shows that the equivalent diameter changes at the
70MHz where the antenna changes from the shortened
dipole antenna to the half-wave dipole antenna. The op-
timum equivalent diameters are around 3mm less than
70MHz and they are around 16 mm at 80 MHz or more.
It might be concerned with the current distribution on the
dipole antenna using the large cell. However, the reason has
not yet been cleared.

In order to evaluate the validity of the compensa-
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Fig.2  Deviation of CSA in free space by FDTD and MoM.

3153

tion method by the optimum equivalent diameter, the CSA
in semi-infinite space has been calculated by the FDTD
method from 30MHz to 250 MHz. Two dipole anten-
nas, whose distance is 3 m, are used and a PML (Perfectly
Matched Layer) is applied to present the semi-infinite space.

On the calculation, the CS Agprp (in dB) is calculated
using following equation,

CSApprp = SArprp + arx + QRY (1)

where a7y (in dB) and azy (in dB) are balun loss of VHAP.
The S Apprp is propagation loss between antennas, which is
calculated by the FDTD method. The cell size of around
40 mm is employed for calculation.

The deviation from the VCCI standard [5] to the CSA
by the FDTD method is shown in Fig. 4. The calculated val-
ues by the FDTD method with the compensation method
agree with the VCCI standard within about plus/minus
0.5dB. The compensation method can be used to model
the dipole antenna when we use the large cell to calculate
the site attenuation.

2.2 FDTD Modeling of Absorber

The ferrite tile is generally used as absorber of a compact
anechoic chamber. Since the cell size is larger than the
thickness of the ferrite tile (6.3 mm), the ferrite tile is mod-
eled by the equivalent conversion [4]. However, the absorber
of the chamber in Fig. 1 is constructed with the ferrite tile

" Shortened dipole antenna

15F <:.

Optimum equivalent diameter [mm]

5 _ Q—/ E> Half-wave dipole E
Lose antenna -
0 I — :L, (PR S5 W W R Y S
50 100 150 200 250
Frequency [MHz]

Fig.3 Calculation results of optimum equivalent diameter.
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Fig.4 Deviation from the VCCI standard to calculated results.
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Fig.5 FDTD modeling of absorber using fine cell and large cell.

and the pyramidal ferrite [9]. When the frequency is less
than 100 MHz, the pyramidal ferrite does not affect the site
attenuation characteristics, because the absorption of the ab-
sorber is mostly caused by the ferrite tile. On the other hand,
we should estimate the absorption effect of the pyramidal
ferrite when the frequency is 100 MHz or more. Thus, the
pyramidal ferrite is also modeled using the large cell.

The FDTD modeling of the absorber is shown in Fig. 5.
In the fine cell model, the absorber is constructed with the
pyramidal ferrite whose height is around 80 mm, and the
ferrite tile whose thickness is 6.3 mm.

In the large cell model, three large cells are used. One
large cell is used to model the ferrite tile. The equivalent
conversion method [4] is used to determine the equivalent
dielectric constant and magnetic permeability. Two large
cells are used to model the pyramidal ferrite. The equiva-
lent dielectric constant and magnetic permeability are deter-
mined from the volume ratio, which is given by (2),

, _ Varigo + Vprigpr
PRS-
AIRi + Vpri .
i=12 2
. _ Yawitto + Verppr ( ) @
PR Vi + Vg

where Vyzr; and Vyr; are the volume of the upper part and
the lower part of air, and Vpg; and Vpp; are the volume of
the upper part and the lower part of a pyramidal ferrite, re-
spectively.

In order to evaluate the validity of the modeling
method, the reflection coefficient of the absorber has been
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Fig.6 Reflection coefficient of absorber.

calculated using both the fine cell modeling and the large
cell modeling. The dielectric constant and magnetic perme-
ability of the ferrite tile and the pyramidal ferrite have been
measured. The fine cell modeling is shown in Fig. 5(a). The
cell size is 3.15 mm which is smaller than the thickness of
the ferrite tile and is sufficient to present the configuration
of the pyramidal ferrite. .

The comparison of the calculation results is shown in
Fig.6. On the calculation, the parallel-plate wave-guide
model constructed with two perfect conductive plates and
the magnetic side walls is used. The plane wave is inci-
dent to the absorber. The number of the cell at transverse
plane is 4 by 4 for the large cell modeling and 20 by 20 for
the fine cell modeling. The number of the cell from the ab-
sorber to the signal source is 600 for the large cell modeling
and 2000 for the fine cell modeling. The gaussian pulse,
whose width is sufficiently shorter to separate between in-
cident wave and reflective wave, is used. The white circles
and triangles are the calculated reflection coefficient using
the fine cell modeling, and the black circles and triangles
are the calculated reflection coefficient using the large cell
modeling. This shows that the calculation results using the
large cell modeling almost agree with the ones using the fine
cell modeling. This means that the large cell modeling can
be used to present the absorber shown in Fig. 5(a). In Fig. 6,
the circles show the calculation results when we consider
only the ferrite tile, and the triangles show the calculation
results when we consider both the pyramidal ferrite and the
ferrite tile. These calculation results almost agree each other
when the frequency is less than 100 MHz. However, it is
not identical when the frequency is 100 MHz or more. This
means that we should consider the effects of the pyramidal
ferrite to calculate the site attenuation when the frequency is
100 MHz or more.

2.3 Site Attenuation by Ray-Tracing Method

The ray-tracing method is widely used to calculate the site
attenuation. In this method, the image sources of the trans-
mitting and receiving antenna are detérmined from the as-
sumption. The reflection of the absorber is considered with
the absorption loss when the trace from image sources goes
through the wall.
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The pyramidal ferrite is modeled using the multi layer
plane approximation [2],[10]. In this calculation, the re-
flection coefficient is obtained based on transmission line
equation with sixteen planes, and we considered five times
reflections.

3. Comparison of Two Methods
3.1 Measurement of CSA -

In order to evaluate the frequency scope of the FDTD
method and the ray-tracing method, we compare the mea-
sured CSA with the calculated one. The compact anechoic
chamber, whose size is 7m long, 4 m wide, and 3.5 m high,
has been used for experiment. The absorber is constructed
with the ferrite tile and the pyramidal ferrite [9].

The CSA measurement system is shown in Fig.7. A
pair of VHAP are used for transmitting and receiving an-
tenna as a shortened dipole antenna and a half-wave dipole
antenna. They are placed at the distance of 3 m, the height is
I'm and 1.75m, and the polarization is horizontal and verti-
cal. The measured CSA (in dB) is given in (3), where Vp (in
dB) is the received voltage at cable direct connection, and
Vsire (in dB) is the one at propagation between antennas.

CS AM&A;. =Vp - Vsire 3)
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3.2 Calculation of CSA

On the FDTD calculation, the model shown in Fig.1 has
been used. The cell size is around 40 mm. The shortened
dipole antenna and the half-wave dipole antenna are mod-
eled by the optimum equivalent diameter shown in Fig. 3.
The absorbers are modeled using the method described in
Sect.2.2.

It has been also calculated by the ray-tracing method
using the method described in Sect. 2.3.
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Fig.8  Evaluation results of site attenuation for compact anechoic chamber.
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3.3 Evaluation of Two Methods

Figure 8 shows the deviation from the measured CSA to the
calculated ones by the FDTD method and the ray-tracing
method. From Fig. 8, the following results are obtained;

o The calculated values by the FDTD method agree
with the measured ones within plus/minus 2dB from
30 MHz to 250 MHz.

o The calculated values by the ray-tracing method have
larger deviation less than 180 MHz.

o The calculated values by the ray-tracing method almost
agree with the ones by the FDTD method at 180 MHz
or more.

These results indicate that the FDTD analysis method
should be used less than 180 MHz for the chamber in Fig. 1
if we should maintain the deviation within plus/minus 2 dB.

There are several types of chambers and absorbers in
the world. So, it needs more investigation to obtain the
general relations between the lower frequency limit of the
ray-tracing method and the chamber size. However, it is an
interesting problem, then we present the evaluation exam-
ple for the model used in this paper. The result is shown
in Fig.9. We calculated the CSA by both the ray-tracing
method and the FDTD method for the two type chambers,
whose size were 9m by 6 m by 5.5m and 11 m by 8 m by
7.5 mrespectively, besides the chamber shown in Fig. 1. Re-
ceiving and transmitting antenna are placed at the center po-
sitions of chambers, and the polarization of the antenna is
vertical. Figure 9 shows the deviation from the FDTD cal-
culation value to the ray-tracing calculation value. Assum-
ing that the allowable deviation is within plus/minus 2 dB,
this shows that the lower frequency limit of the ray-tracing
method decreases as the chamber size increases.

As shown in Fig.8, the deviation peak appears at
around 50 MHz. Figure 9 shows that the frequency .of the
deviation peak shifts to lower and the value also decreases
when the chamber goes larger. These results suggest that
the chamber has the resonance in this frequency range and
the ray-tracing method cannot sufficiently present the phe-
nomenon. However, some things, which are the limit of as-
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Fig.9 Deviation from CSA by FDTD to CSA by ray-tracing.
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suming the far field, and etc. affect the deviation. Therefore,
the investigation of the deviation reason is a future problem.

4. Conclusion

In this paper, we investigate the- frequency scope of the
FDTD method and the ray-tracing method for the site at-
tenuation calculation.

_ Initially, the FDTD modeling method has been consid-
ered when the frequency is more than 100 MHz. The dipole
antenna and the absorber are modeled by using large cell
whose size is larger than the diameter of the antenna ele- -
ment. In order to compensate the deviation caused by. the
cell size, the optimum equivalent diameter is determined so
that the CSA in free space coincides with the one by the
method of moment for the dipole antenna. The absorber is
modeled by the three large cells. The equivalent dielectric
constant and magnetic permeability are determined by using
the equivalent conversion method and the volume ratio.

Then, The CSA of the compact anechoic chamber has
been calculated by the FDTD method and the ray-tracing
method from 30 MHz to 250 MHz, and they are compared
with the measured one. As the results, the calculated values
by the FDTD method agree well with the measured ones
within plus/minus 2 dB in this frequency range. The calcu-
lated values by the ray-tracing method do not agree with the
ones by the FDTD method and the measured values when
the frequency is less than 180 MHz. This means that the ray-
tracing method cannot be applied for the compact anechoic
chamber in Fig. 1 when we maintain the deviation from the
measured value within plus/minus 2 dB.

Finally, the CSA was calculated by two methods when
the chamber size was changed. The result indicates that the
larger the chamber size, the lower the frequency limit of the
ray-tracing method. :

" In the future, we plan to investigate the relation be-
tween the lower frequency limit of the ray-tracing method
and the chamber size for various types chamber.
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