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We describe a measurement technique to characterize the equivalent isotropically radiated power (EIRP) of electrically large
wireless equipment in a compact environment. A modified phase-measurement method was proposed and, thus, the separation
of the signal generator and radiating element was not required during the measurement. A Fresnel-to-far-field transformation
was used for the fast measurement time in a compact anechoic chamber. An experimental verification of the method was carried
out in a compact anechoic chamber, where the source-detector separation was approximately 1/5 of the far-field distance. The
measured magnitude and phase pattern exhibited only a small error.The EIRP obtained using a Fresnel-to-far-field transformation
was compared with a reference value, and the error was within 0.5 dB.

1. Introduction

As demand for wireless communication services with low
radiation power grows, the restrictions of high-power radi-
ation devices and facilities, such as base stations, satellite
stations, and digital broadcasting stations, are becoming
increasingly important [1]. Currently, equivalent isotropically
radiated power (EIRP) [2] is used as a measure to restrict
the radiated power frommicrowave devices and base stations
[3, 4].

The EIRP of electrically large wireless equipment is typi-
cally characterized using a direct far-field measurement sys-
tem [5]. The equipment under test (EUT) and probe antenna
are separated by a distance 𝑅far that should satisfy Rayleigh’s
far-field criterion; that is,𝑅far ≥ 2𝐷

2
/𝜆, where𝐷 is the largest

dimension of the radiating aperture and 𝜆 is the wavelength
[2, 5]. Electrically large wireless equipment typically has a far-
field distance of more than a few tens of meters. If Rayleigh’s
criterion cannot be satisfied due to the small size of the
anechoic chamber used to characterize the equipment, then
the EIRP measurement will be inaccurate [5].

The near-field [6] and Fresnel field scanning methods
[7–9] can be used to overcome this limitation. The Fresnel

field scanning method has recently been developed and
reported to be faster than near-field scanning method [7–
10]. This method requires that both magnitude and phase be
recorded; however, it is not straightforward to measure the
phase because the signal source is typically contained within
the EUT. In some structures, the signal generator cannot be
disconnected from the radiating part [11].

The most accurate method is to directly measure the
phase information using hardware configuration. The direct
method uses the reference signal coupled from the inner cir-
cuit of antenna under test (AUT) [5]. The reference antenna
method compares the received signals from a reference
antenna and the AUT so that the AUT port should be
separated [5]. Therefore, two methods cannot be applied to
the wireless equipment with integrated signal generator.

Here, we propose an EIRP measurement method that
is appropriate for characterizing electrically large EUTs in a
compact environment. The EUT can be measured without
disconnecting the generator and the radiating element by
using the proposed phase-measurement method. The basic
theory and the hardware configuration are described, and an
experimental verification of the phase pattern and EIRP is
provided.
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Figure 1: Configuration of the simultaneous phase andmagnitudemeasurement system (a) using a network analyzer and (b) using a spectrum
analyzer and phase comparator.

2. Measurement Method

2.1. Fresnel-to-Far-Field Transformation. In this section, the
Fresnel-to-far-field transformation is briefly discussed. An
antennawith aperture dimensions of 𝐿

𝑥
×𝐿
𝑦
is assumed to be

located at the origin. The electric field in the far-field region
𝐸far is related to the electric field in the Fresnel region 𝐸

𝑅

at a distance 𝑅, and it can be calculated using the following
expression [7–9]:

𝐸far (𝛼, 𝛽) =
+𝑀

∑

𝑚=−𝑀

+𝑁

∑

𝑛=−𝑁

𝑘
𝑚𝑛
𝐸
𝑅
(𝛼 + 𝑚Δ𝛼, 𝛽 + 𝑛Δ𝛽) , (1)

where Δ𝛼 = 𝜆/𝐿
𝑥
and Δ𝛽 = 𝜆/𝐿

𝑦
. Here, the angles 𝛼

and 𝛽 are in the 𝑦-𝑧 and 𝑥-𝑧 planes, respectively. The term
(𝛼+𝑚Δ𝛼, 𝛽+𝑛Δ𝛽) corresponds to the position to be scanned
and is offset from 𝛼 and 𝛽 by𝑚Δ𝛼 and 𝑛Δ𝛽, respectively.The
coefficient 𝑘

𝑚𝑛
is given by
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(2)

where 𝑐2 = 𝜋/(𝜆𝑅).

2.2. Proposed Phase-Measurement Method. In (1), the electric
field in the Fresnel region 𝐸

𝑅
is complex, so phase informa-

tion is required. Figure 1 shows the proposed configuration,
in this paper, used to measure the phase pattern.The wireless
equipment contains a signal source, and we assume that
the signal generator and the antenna element cannot be
separated. The receiving antenna receives the emitted elec-
tromagnetic (EM) radiation, which is coupled to a network

analyzer (NA).Here, theNA is used as a two-channel receiver,
so the magnitude of the received power can be measured.

Because the wireless equipment is to be evaluated, it is
rotated using the azimuth positioner. The reference antenna
is attached to the azimuth positioner and is therefore rotated
together with the EUT. Since the receiving antenna is fixed,
the reference antenna ismovedwith EUT so the relative phase
difference between the receiving antenna and reference can
be measured.

The phase comparison technique is already known, and
the reference probe was used in [11] but it was not rotated
and applied for the printed circuit board (PCB) scanning. So
the configuration shown in Figure 1 has not previously been
reported to the best of our knowledge.

As shown in Figure 1(b), a spectrum analyzer with a phase
comparator may be used instead of network analyzer. Here,
the received signal is coupled to the spectrum analyzer by the
coupler.

2.3. EIRPMeasurement. Because the electrically large EUT is
to be evaluated in a small anechoic chamber, a transformation
from the Fresnel field to the far field is used.The procedure is
as follows.

(1) Set up the EUT, receiving antenna, and reference
antenna, as shown in Figures 1(a) and 1(b).

(2) Set up the instrument to measure the magnitude
and phase from the receiving antenna and reference
antenna.

(3) Acquire the magnitude and phase of the Fresnel field
using an appropriate scanning method.

(4) Transform the Fresnel field to the far field, resulting
in the transformed received power 𝑃

𝑟,transformed.
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Figure 2: The experimental setup in the anechoic chamber with a
range of 1m.

(5) Calculate the EIRP using the following relation [2]:

EIRP =
𝑃
𝑟,transformed

𝐺
𝑟

× (
4𝜋𝑅

𝜆
)

2

, (3)

where 𝐺
𝑟
is the gain of the receiving antenna and 𝑅

is the separation between the EUT and the receiving
antenna. One can note that the terms 𝐺

𝑟
and 𝑅 are

directly related to the EIRP, so accurate measures of
𝐺
𝑟
and 𝑅 are required.

3. Experimental Results

3.1. Hardware Configuration. Themethodwas verified via the
experimental setup as shown in Figure 2. The frequency was
2.4GHz, and, for simplicity, we used the method with the
NA as illustrated in Figure 1(a). A 6 × 2 microstrip patch
antenna was used as the EUT, and this was connected to a
stand-alone signal generator and RF amplifier via a Rotman
lens. Although the method was developed for wireless equip-
ment containing a signal generator, we used a stand-alone
signal generator to achieve an accurate comparison between
the Fresnel transformation and far-field measurements. The
patch size was 180mm × 520.5mm, resulting in a far-field
distance of 𝑅far = 4.9m.

A double-ridged horn antenna was used as the receiving
antenna, whichwas placed in front of the EUT and connected
to the NA. The distance between the EUT and the receiving
antenna was 1.0m, which is approximately 1/5 of the far-field
distance.

As shown in Figure 2, a second double-ridged horn
antenna was used as the reference antenna. This was placed
close to the EUT, and the signal from the reference antenna
was also fed into the NA. Because the reference antenna was
fixed on the azimuth positioner, it was rotated with the EUT,
as described in the previous section. Therefore, the phase

difference between EUT and reference antenna remained
constant as the azimuth positioner rotated the EUT.

During the measurement of the magnitude and the phase
patterns of EUT, the NA was used as a two-channel receiver.
Although the setup for this is dependent on the NA model,
the output signal from the port should first be disconnected.
The absolute levels of signals A and B were compared,
resulting in the ratio A/B and the phase pattern, where A is
the signal to port 1 and B is the signal to port 2 [12].

3.2. Fresnel Field Pattern and EIRP. The scanned Fresnel
fields at 𝛼 = 0∘ are plotted in Figure 3. These were measured
by rotating the azimuth positioner at a resolution of 1.0∘.
Figure 3(a) shows themagnitude pattern, whichwas obtained
using the two-channel receiver mode of the NA as proposed
in this paper. The pattern acquired using the spectrum
analyzer is also shown with the legend of “Reference.” The
two sets of magnitude patterns are in very good agreement.
One must be careful that Fresnel-to-far-field transformation
is only valid in the angular range of −90 to +90 degrees
because of the scanning range.

Figure 3(b) shows the phase, which was obtained using
the method described in the previous section. In Figure 3(b),
the phase pattern acquired using the transmission mea-
surement mode of the NA is also shown with the legend
of “Reference.” The maximum difference between the two
patterns over the range of 180∘ was 8.5∘.

The calculated EIRP was compared with that measured
using a direct far-field method; the results are summarized
in Table 1. The far-field data were obtained by disconnecting
the generator and EUT. The transmitted power 𝑃

𝑡
from the

generator wasmeasured using the spectrum analyzer, and the
gain of antenna𝐺

𝑡
was characterized in an anechoic chamber

at a range of 7m.The EIRP was obtained by summing 𝑃
𝑡
and

𝐺
𝑡
in dB.
The EIRPwas obtained using the power from the Fresnel-

to-far-field transformation using 𝑃
𝑟
−𝐺
𝑟
+ 20 log(4𝜋𝑅

2
/𝜆) in

dB, where 𝑃
𝑟
is the transformed field, 𝐺

𝑟
is the gain of the

receiving antenna, and 𝑅
2
is the far-field distance [2]. The

used values of 𝑀 and 𝑁 in (1) were 7 and 1, respectively.
The EIRP was 21.54 dBm, measured using the Fresnel-to-far-
field transformation, which was in agreement with the far-
fieldmeasurement to within 0.5 dB.This errormay be further
reduced by increasing the number of 𝛼-plane to be scanned
and more precisely calibrating the receiving probe.

4. Conclusion

We have described an experimental method to characterize
the EIRP of electrically large antennas in a compact envi-
ronment where the generator and radiating element are not
required to be separated. A Fresnel-to-far-field transforma-
tion was used, and the phase was obtained by comparing the
signal at a receiving antenna and a reference antenna. An
experimental verification was performed in a small anechoic
chamber at a range of 1m, which is approximately 1/5
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Table 1: Comparison of the EIRP calculated using the two different methods.

Method Expression Power and gain EIRP [dBm] Error [dB]
Far field (isolating
generator and EUT) EIRP [dB] = 𝑃

𝑡
+ 𝐺
𝑡

𝑃
𝑡

−11.53 dBm +21.04 —
𝐺
𝑡

32.57 dBi

Fresnel-to-far-field
transformation
(proposed)

EIRP [dB] = 𝑃
𝑟
− 𝐺
𝑟
+ 20 log(4𝜋𝑅2

𝜆
)

𝑃
𝑟

−23.32 dBm

+21.54 0.5𝐺
𝑟

11.1 dBi
𝑅
2
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Figure 3: Fresnel fields measured at 2.4GHz at 1m: (a) magnitude and (b) phase.

the far-field distance, and the phase pattern was successfully
characterized. We determined the EIRP with an error of
0.5 dB compared with a direct far-field measurement. This
technique is therefore suitable for characterizing large anten-
nas in small anechoic chambers.
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