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Abstract
netic compatibility (EMC) testing and antenna characterization. A novel automated reactive near-field testbed based on

Correlation of close near-field measurements with radiated field patterns will mitigate test efforts for electromag-

photonic phasor probes is presented. The scanning system combines a large scanning volume with micrometer resolution. An
optical surface reconstruction system allows the structure of the device under test (DUT) to be measured with better than 20
um uncertainty, allowing scans at a precisely known distance above arbitrary electronic components. Miniaturized active
microphotonic electric and magnetic field probes for the 0.01 — 6 GHz frequency range, combined with a high-speed vector
signal analyzer, are applied to measure the electromagnetic (EM) phasor-field distribution with a dynamic range of >120 dB.
The fully isolated probes eliminate perturbations of the EM fields generated by the DUT compared to electrically connected
near-field probes and offer up to 60 dB better sensitivity than passive electro-optical probes. The testbed allows high-precision
broadband near-field 3D scans for antenna characterisation to be performed with excellent inter-laboratory repeatability. The
phasor measurement capability enables near- to-far-field transformation and thus direct correlation of near- field and radiated

characteristics.
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1. Introduction

Wireless device manufacturers work under constant
competitive pressure to miniaturize and streamline

their products while simultaneously adding and
enhancing functionality and shortening
time-to-market. The trend towards increased

miniaturization requires the electronic components to
be placed closely together. Space for antennas is
limited, and mutual influence with other parts can
impair the antenna performance. Today, over-the-air
performance of antennas is typically measured in the
far-field of the device under test (DUT). The lack of
correlation between far-field performance and the
actual near-field properties of individual components
can result in the need to perform time-consuming
trial-and-error processes during antenna optimization.
A dual near-field and radiated characteristics testbed
that uses the same near-field scans is the ideal
solution to address the aforementioned test issues.
Far-field radiated fields can be calculated form
near-field measurements by various techniques
[1]-[6]. The application of these techniques, however,
requires precise knowledge of the complex-valued
EM near-field (amplitude and phase) and spatial
location. An ideal near-field measurement tool
should deliver full spectral amplitude and phase
information over a large bandwidth, with minimal
impact on the measured field and with fine spatial
resolution.
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2. Objectives

The aim of the presented work was the
development of active microphotonic sensors for EM
near-field phasor measurements in the
radiofrequency (RF) domain. For use of the probes
for reactive near-field antenna analysis with far- field
transformation and correlation capability, the goal
was also to integrate the sensors into a fully
automated pm-resolution near-field testbed and thus
establish the first near- field scanning system that
enables absolute and traceable EM field phasor
measurements.

3. Methods
3.1 Microphotonic Phasor EM Near-field Probes

The near-field probe systems applied in the scanner
use direct laser modulation for signal transmission
and electrically small transducers to pick up the
electric (E) or magnetic (H) fields. The system
consists of a sensor head and a remote unit (Fig.1), as
described in [7]. Each probe contains a sensor head
and a sensor identifier (ID). The sensor head is
located at the very tip of the probe and contains the
actual miniaturized electric or magnetic field sensors,
while the sensor ID is located in the rear of the probe
body. The sensor ID uniquely identifies each probe to



the remote unit and provides a redundant optical link,
which is continuously monitored for LASER safety.
The remote unit acts as the photonic power supply in
the power-over-fiber forward link. At the sensor head,
the photonic energy is converted into electrical
energy from which the active elements in the sensor
head are supplied. The sensor head uses electrically
small transducers to pick up the EM fields. The RF
signal from the transducer is amplified by a low
noise amplifier (LNA) and modulates the photonic
output of a high-speed vertical cavity surface
emitting LASER (VCSEL). The signal from the
VCSEL is then transmitted to the remote unit via
fiber optics. At the remote unit, the photonic signal is
demodulated by means of a high-speed photodiode
(PD), amplified by a transimpedance amplifier (TIA),
and made available over a standard 50Q output to
connect the vector signal analyser in the developed

scanning system. This sensor concept allows highly
sensitive, fully electrically isolated miniature
near-field sensors with a large bandwidth of 10 MHz
—>6 GHz to be designed. Due to its large bandwidth
and optimized flat frequency domain response, i.e.,
that presents a non-dispersive system for wide- band
signals, we call our sensor implementation TDS for
time domain sensors. The probes have been adapted
for use inside the scanning system to support
automatic probe exchange and more than 25,000
mating cycles of the fiber optic connectors (Fig. 2).

[
| |transducer

f
i
i
|
|
1| Eorh
feld
i
i
i
i
i

i

&

lectrical curremJ

/4

Taic
element

F\ecmca\ cuvrenli

LED

Z

power
LASER

PD

power
LASER

®

PD

TIA

500 RF,,

3.5mm

USB

power,
control

Fig. 1 Schematic diagram of the active electro-optical sensor
platform, consisting of a miniature sensor head that is
exclusively linked via fiber optics to a remote unit.
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Fig. 2 TDS probes for the measurement of electric (blue) and
magnetic (red) RF fields optimized for near-field scanning usage.
Shown on the left are the probes located in the probe repository
inside the developed near-field scanning system. A single E-field
probe with a detailed view of the fiber optic machine adapter
that allows up to 25,000 probe matings is shown on the right.

3.2 Near-field Phasor Testbed

Fig.3 shows a schematic diagram of the developed
near- field testbed with the integrated TDS probes. It
is a complete near-field testbed, composed of a
shielded anechoic chamber in which the actual
near-field scans are performed, positioned on top of
an equipment rack that contains all necessary control
and measurement equipment. The positioning system
consists of gantry type motion stages that allow
precise positioning of the probe and also enable the
probe to be turned around its axis. The positioning
system contains LASER triangulation and camera
systems fixed to the z-axis that allow photographs of
the DUT to be taken for reconstruction of the surface
profile of the DUT to be performed before the actual
scans are initiated. Based on the profile of the DUT,
scans conformal to the surfaces of arbitrary
electronic components can be performed without the
need for CAD data input or problematic mechanical
surface detection. In the postprocessing software, the
photographs of the DUT can be texture mapped onto
the profile, and the measured EM results can be
displayed overlaid directly on the DUT image.
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Fig. 3 Schematic diagram of the active electro-optical sensor
platform, consisting of a miniature sensor head exclusively
linked via fiber optics to a remote unit.

3.3. Validation Sources

Fig. 4(a) shows the validation source for reactive
near-field phasor measurements based on a simple
pstripline design. For the purpose of the
experimental validation, the phasor distribution of
the EM structure was simulated numerically with
SEMCAD X (SPEAG, Switzerland). Fig. 4(b) shows
the validation source for the near-to-far-field
transformation that is based on a dipole resonant at
835 MHz. For the purpose of the experimental
validation, the near-field phasor distribution and
radiation pattern of the dipole were simulated
numerically.



(b)

Fig. 4 Near-field and far-field validation sources. Numerical and
experimental models of the near-field phasor validation source
based on ustripline structure (a) and 835MHz dipole used as
validation source for the near-to-far-field transformation (b).

4. Results
4.1 Phasor Probe Characteristics

We have developed four types of 1D E- and
H-field sensors — based on the active microphotonic
sensor platform — that cover orthogonal vector
components and are capable of measuring the full EM
phasor in the scanning system. The HITDS and
EITDS sensors were characterized in a
waveguide-based calibration system [8] in the
frequency range from 0.01 — 6 GHz. Fig. 5 shows the
frequency response of the EITDS and HITDS probe
systems. Both probe types show a very flat frequency
response over a large bandwidth and dynamic range.
This feature allows the probes to be applied for both
frequency domain measurements and wideband time
domain measurements without requiring dispersion
corrections due to a varying frequency domain
response.
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Fig. 5 Dynamic range upper (1dB compression point) and lower
(displayed average noise floor) detection limits over the
frequency of EITDS (top) and HITDS (bottom) probes. Dynamic
range upper limit curve is inversely proportional to the probe
sensitivity.

4.2 Near-field Scanner

Fig. 6 shows the developed near-field testbed
consisting of a shielded testbed chamber with a
positioner system. Ferritebacked flat RF absorbers
that reduce the reflections from the sidewalls of the
shielded chamber surround the measurement volume.
A dielectric spacer of laminated glass is placed on
top of the bottom absorber to form a stable
measurement platform. When the DUT is placed on
the glass platform, the system simulates
approximately free-space conditions. Alternatively, a
ground plane panel can be inserted on top of the
platform, to introduce an additional electrically
conductive boundary condition at the bottom (e.g.,
simulating a metallic housing below the DUT). The
camera and LASER triangulation systems are
attached on the z-axis of the positioner system to
provide functionality for scanning the entire
measurement volume. The camera has a resolution of
0.07 x 0.07 mm2/pixel. As the camera can be moved,
a coarse pre-detection of the DUT elevation profile
can be performed based on stereovision and synthetic
aperture principles. The fine detection of the DUT’s



geometrical structure is based on the LASER
triangulation sys- tem, with the algorithms for
sub-pixel LASER-line detection [9] and adaptive
reflection removal implemented in our system
reaching a resolution of better than 20pum. On the left
side of the testbed chamber, a probe repository that
holds up to four different probes is installed. The
positioner system can exchange the probes
automatically. This feature allows fully automated
scans to be performed, even if multiple probe types
are required for full phasor measurements. This is
particularly useful for measurements whereby
millions of measurement points must be acquired,
which requires measurement times easily spanning
several hours. The control software of the scanner
was designed to maximize autonomous operation.
User interaction is required only at the beginning of
the scanning process and not for the full duration of
the time- consuming scans.

Fig. 6 Photograph of the antenna near-field testbed prototype.
Shown 1is the shielded testbed containing the x,y,z, roll
positioners, the probe repository, and the camera and LASER
triangulation modules. The testbed is positioned on top of the
equipment rack. The operator station is located to the left of the
testbed.

4.3 System Validation

The microstripline structure was used to validate the
performance of the near-field testbed by mapping the
reactive near-field H-field phasor on top. The
measurement results compared to the numerical
targets are displayed in Figs. 7,8. A full EM phasor
near-field scan on a closed surface (in this example,
because of symmetry, measured on one half- surface
and mirrored) around the 835MHz validation dipole
was performed to wvalidate the near-to-far-field
transformation capability of the system.

The near-field results illustrate the measurement
accuracy of our TDS probes and scanning system.
Despite a strong field gradient in the near-field of the
source, our miniature field probes can accurately
resolve the magnetic phasor field distribution. With
the completely isolated sensor design, adverse
loading of the source is prevented even at very close

distances.

The extrapolated far-field radiation pattern results
(Fig. 10) demonstrate the system’s capability to
perform analyses of the radiated characteristics based
on reactive near-field scan results. It is demonstrated
that the EO component of the dipole validation source

can be accurately reconstructed in the far- field.
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Fig. 8 Validation measurement result of the phasor field on top

of the microstripline validation structure measured with HITDSx

probe and comparison to the simulated target with SEMCAD X

(SPEAG, Switzerland).
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5. Conclusions

We have developed an automated near-field testbed
for reactive near-field EM phasor characterisation in
the RF domain with the capability to perform
near-to-far-field transformations for the analysis of
radiated characteristics based on the same scans. The
scanning system combines a large scanning volume
of 500 x 500 x 100 mm3 with micrometer resolution.



A novel optical surface reconstruction system allows
the surface profile of the DUT to be measured with
better than 20 pm uncertainty. This allows for
scanning at a precise distance above arbitrary
electronic components. Active micro-photonic
ultra-wideband E- and H-field sensors for the
frequency range from 0.01 — 6GHz combined with a
high-speed vector signal analyser are applied to
measure the EM phasor with a dynamic range of
>120 dB. Compared to electrically connected probes,
our microphotonic probes eliminate the disturbance
of the fields of the DUT as they are fully electrically
isolated and offer up to 60dB better sensitivity than
passive electro-optical probes, making them a tool of
choice for this application. The applicability of our
measurement system to reactive near-field EM phasor
scanning tasks and near-to-far-field transformations
has been successfully demonstrated. The system
allows high- precision broadband near-field 3D scans
for EMC/EMI and antenna analysis to be performed
with excellent inter-laboratory repeatability.
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(b) Comparison of the measured far-field radiation pattern E6
component (red) with the numerical target (blue) (both based on
near-to-far-field trans- formation)
Fig. 10 Far-field extrapolation result based on reactive
near-field phasor measurements around a 835 MHz dipole.
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