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ABSTRACT: The disturbance caused by a measurement probe close to
a ground plane is characterized. A trade-off must be made between dis-
turbance and sensitivity. An optimal probe for electromagnetic exposure
measurements above a ground plane in the neighborhood of a base sta-
tion antenna is selected. © 2006 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 48: 16101613, 2006; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.21694
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1. INTRODUCTION .

For exposure assessment around a base station antenna, the elec-
tromagnetic fields must be determined and be compared to the
reference levels [1]. Being able to perform accurate electromag-
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netic field measurements “in the field” is thus important. The
measurement of electromagnetic fields will be disturbed by the
measurement probes themselves and by the presence of material
interfaces such as the ground plane. To obtain an accurate estima-
tion of human exposure, the electromagnetic fields have to be
averaged over the volume of the body of a person [1, 2]. However,
obtaining the average would require many measurements over a
the volume of a person and would be too time-consuming. There-
fore measurements are mostly performed at a single point resulting
in a less accurate estimate of the actual exposure [3]. Knowledge
of the field at different locations in a plane or over a vertical line,
representing the length of an average human, results in a better
estimate of the exposure [2]. However, close to the ground plane,
the measurement probe will be disturbed. This disturbance cannot
be fully taken into account by the calibration. The objective of this
paper is to show that when the disturbance must be limited to a
predefined value (e.g., 5%), a suitable measurement probe with
maximal sensitivity can be selected even when performing mea-
surements close to the ground. Investigation of the disturbance of
the measurement probe near an interface is evaluated by means of
a numerical field computation method. The method of moments
(NEC-code) is a suitable tool for that purpose.

2. METHOD

2.1. Configuration

We will simulate an exposure “measurement” in the neighborhood
of a K736863 GSM base station using simulations with NEC-Win-
Pro®. The K736863 antenna radiates at 900 MHz and is positioned
30 m above a ground plane (average ground, conductivity o =
0.005 S/m and permittivity £, = 13). The simulated “measure-
ments” will be performed as a function of the height from 1 cm to
1.75 m (corresponding with the length of an average man [5])
above the ground at 200 m from the base station antenna. This
configuration represents a realistic exposure situation for the gen-
eral public [3, 4]. The “measurement” configuration and coordi-
nate system are shown in Figure 1 (not to scale). A typical input
power of 20 W for the base station antenna is used [6]. In this
paper, only the electric field is investigated because a GSM base
station antenna is an electrical source resulting in a dominant
E-field [3, 4, 6] (see section 3.1.). Analysis of the magnetic field
can be performed analogously.

2.2. Procedure
We now will describe the subsequent steps of the procedure to
study the disturbance of a field probe near an interface.

0.15m

base station antenng

\ HE 0.05m

z 193m
1 L
XNy 01aml’

measurement positions
height: 1 cm -~ 175 em 032'm

l/

2060m
o =0.005 S/m, &, = 13

ground plane
Figure 1 Configuration of the exposure “measurement” in the neighbor-

hood of a base station antenna with an input power of 20 W as a function
of the height above the ground plane
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2.2.1. Simulation of the True Field

In this step, the true field of the transmitting antenna Tx, noted as
E'™¢ will be simulated. The extended. thin-wire kernel of the
NEC-program is used because in some of the simulations, the ratio
of segment length to wire radius is small. An applied E-field source
model (that is, an applied voltage over the source segment) is used
and the length of the source segment is made equal to the length of
the other segments.

2.2.2. Calibration
The simulated calibration is a two-antenna method. In the first
step, the free-space far field E’ of a calibration antenna is simu-
lated. In the second step, the configuration with the calibration
antenna and the measurement probe located in the far field, is
simulated. The measurement probe is terminated with a 50}
resistance (in practice, measurements are performed with a 500}
measurement system, e.g., a spectrum analyzer) and the “mea-
sured” voltage V is determined.

Finally, the antenna factor (AF) is derived using formula (1):

AF =120- log(%) [dB (1/m)] 1

where Ef is the electric field incident on the antenna to be cali-
brated and V is the voltage developed across the output of the
antenna to be calibrated.

2.2.3. Measurement of the Field

Once the measurement probe or receiving antenna Rx is calibrated,
the field of Tx can be measured by determining the voltage V
across the 50£) output of the antenna. Using the antenna factor of
formula (1), three orthogonal magnitudes of the field are “mea-
sured”. From these three magnitudes E,, (k = 1, 2, 3) the total
field Em* = VE? + EZ + EZ is obtained. This total field will
then be compared to the reference levels for the general public at
900 MHz [1].

The measurement probes under study are dipoles noted as Dy
(Dy stands for dipole with length y times the wavelength at 900
MHz). The dipoles have a length of 1 cm (D0.03A), 3 cm
(D0.10A), 7.5 cm (D0.23, about A/4), 11.3 cm (D0.34)), and 15
cm (D0.45A, about A/2), respectively. The radius of the wire of the
dipoles is 1.8 mm.

2.2.4. Comparison of the True and Measured Values
The relative deviation § [%] of fields measured by the probe with
respect to the true field is determined as follows:

_ Etrue — Ev::leas
e R

The relative deviation § will be called the disturbance of the
measurement probe. Finally, an optimal measurement probe with
maximal sensitivity (low AF) and with a disturbance smaller than,
e.g., 5% can be selected.

] 100 2)

3. RESULTS

3.1. True Field

First, the ratio of the true electric (E"™°) and true magnetic (H"™°)
field of the K736863 base station antenna is analyzed. Figure 2
shows Z'™¢ = E"™¢/H"™° as a function of the height above the
ground plane at 200 m from the base station antenna, Z"™* is higher
than the free-space value of 377() with a maximal value of 580}
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Figure 2 The ratio Z*™ of the true electric and true magnetic field as a
function of the height above the ground plane

at about 60 cm (see section 3.3). This shows that the E-field is
dominant, resulting in the worst case for electromagnetic exposure
[3, 4, 6]. Therefore we analyze in this paper only the electric field
(as mentioned in section 2.1.).

Figure 3 shows the true electric field E™° at x = 199, 200,
and 201 m as a function of the height above the ground plane.
These values do not differ much due to the far-field condition of
the investigated configuration (200 m > far-field distance of
22.3 m for K736863 antenna at 900 MHz) and the small angle of
incidence (only 8.6°, Fig. 1) [4]. The relative deviation of the field
values at 200 m and the values at 200 m * 1 m is maximally 3.9%.
This maximal deviation decreases to 0.6% for values at 200 m and
200 m = 0.14 m (width of average man is about 0.28 m [5]). Thus,
the variation over distances representing the volume of a human
body in the x-direction (and analogously for the y-direction) is
small compared to the variation as a function of the height above
the ground plane ( z-direction). Therefore, the analysis of the field
at locations over a vertical line results in a better estimate of the
exposure compared to the analysis at a single point [2]. In the
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Figure 3 The true electric field of the 900 MHz-base station antenna
with an input power of 20 W at x = 199, 200, and 201 m as a function
of the height above the ground plane
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TABLE 1 Antenna Factor, Threshold Value, and Ranges of
Different Rx for Simulated “Measurements” by a Spectrum
Analyzer for the Investigated Configuration at 900 MHz

AF [dB Ey Range E > E,
Length Rx/A (1/m)] [mV/m] fcm]
0.03 713 823 N
0.1 57.3 163 1-28.3/85.6-142.5
0.23 44.0 345 1-175
0.34 337 10.8 1-175
0.45 273 52 1-175

N = Not in the considered range of heights

following of this paper, we will thus analyze the electric field at
200 m.

3.2. Determination of Threshold Value

To obtain frequency-dependent measurements, a spectrum ana-
lyzer (SA) is-used [2, 3]. The noise floor, for example, of the
HP8561B spectrum analyzer, is —70 dBm for a resolution band-
width of 300 kHz (the resolution filter of 300 kHz is the smallest
filter of the HP8561B spectrum analyzer that can contain the entire
200-kHz GSM frequency channel). Taking a required signal-to-
noise ratio of 10 dB into account and using the AF of the different
Rx, results in a treshold value for the electric field for the different
Rx. Table 1 shows the antenna factor at 900 MHz and the treshold
value E, [V/m] for the different Rx. The smaller the Rx, the less
sensitive the Rx (high value for AF) and the higher the treshold
value: for example, D0.45A is about 30 times more sensitive than
DO.1A (Table 1).

3.3. Selection of Optimal Rx

Figure 4 shows the true electric field E“™° and the corresponding
treshold values E,, for the different Rx at 200 m from the base
station antenna. This figure shows that D0.03X is not sufficiently
sensitive to perform the measurements of this configuration with a
SA (ERC03* > Etmey D0.1A is only sensitive enough for some
specific ranges (see also Table 1). The other dipoles are sufficiently
sensitive to perform the measurements above the ground plane.
This figure also shows that the field values are below the reference
levels for exposure of the general public: the maximum (0.23 V/m)
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Figure 4 The true electric field at 200 m of the 900 MHz-base station
antenna with an input power of 20 W as a function of the height above the
ground plane and the treshold value for the different Rx
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and average (0.16 V/m) electric field in the considered range of
heights are about 180 and 260 times below the ICNIRP reference
level of 41.3 V/m at 900 MHz [1], respectively.

Figure 5 zooms in on Figure 4 and compares E™¢ with the
measured field values from 1 to 30 cm above the ground. Only the
smallest dipoles are capable to perform accurate measurements:
DO.1X enables measurements close to the ground plane with suf-
ficient accuracy (§ < 5%). D0.03A would even perform better but
is not shown in Fig. 5 since this dipole is not sufficiently sensitive.

Figure 6 shows the disturbance ¥ for different Rx as a function
of the height above the ground. Also the lines for § equal to 1%,
5%, and 10% are shown. This figure shows that lower deviations
occur when a smaller Rx is used. The disturbance is maximal close
to the ground plane and has a local maximum at about 60 cm due
to the fact that the x-component of the electric field—which is
parallel with the ground plane and thus suffers the highest coupling
with the ground plane—reaches a local maximum at about 60 cm
and is then dominant (otherwise the z-component is dominant, Fig.
1). At this height, Z"™° reaches a maximum, as shown in Figure 2.
This can be explained by the fact that the components of the
magnetic field do not reach a maximum in contrary to the x-com-
ponent of the electric field. Therefore the electric field is relatively
stronger at this height compared to the magnetic field, resulting in
a maximal value for Z™° = E"™/H"™. The results presented in
Figures 4, 5, and 6 show that a trade-off has to be made between
sensitivity and disturbance (e.g., ¥ < 5%). Based on these results,
we propose suitable probes for this configuration. For heights up to
28 cm, DO.1A is a suitable measurement probe if § < 5% is
required because DO.1A is sufficiently sensitive up to 28 c¢m and
has the smallest disturbance (Fig. 4 and Table 1). Above 28 cm,
DO.23A, which is more sensitive than DO.1A, is the optimal mea-
surement probe when disturbances lower than 5% are required. For
heights larger than 62 cm and § < 5%, D0.45A—which is the
most sensitive Rx (Table 1)—is the optimal measurement probe. If
only § < 10% is required, then D0.45A can be used from 10.4 cm
above the ground plane for this configuration.

Using this procedure, an optimal probe, which is sufficiently
sensitive and has a disturbance lower than a predefined value, can
be selected for measurements near a ground plane.

301 :
— true
o length=0.1A
o5t v length =0.232
A length = 0.34%
+ length = 0.45A
201

10r
“*
A
5 [N v .
v
]

1 1 1 i o! i

0.14 0.16 0.18 0.2 0.22 0.24 0.26
E [V/m]

Figure 5 Zoom-in on Fig. 4 from 1 to 30 cm above the ground plane (—
true, O length = 0.1, V length = 0.23A, A length = 0.34A, + length =
0.45))
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Figure 6 Disturbance § for the different probes as a function of the
height above the ground plane (- — —length = 0.1A,« «« «+ «- -+ -length =
0.23X, — - — - length = 0.34A, — length = 0.451)

4. CONCLUSION

For an electromagnetic exposure measurement above a ground
plane and in the neighborhood of a base station antenna, an optimal
measurement probe can be selected. A trade-off between distur-
bance and sensitivity of the measurement probe has to be made.
Close to the ground plane, one has to select a small measurement
probe with sufficient sensitivity to obtain a low disturbance (e.g.,
smaller than 5%). Higher above the ground plane, one can select
larger and thus more sensitive measurement probes.
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