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A 77 GHz Near-Field Probe with Integrated Illuminating
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Abstract. In this paper, a near-field probe with integrated
illuminating waveguide for frequencies around 77 GHz is
introduced. For such high frequencies, alignment of trans-
mitter and receiver probes in the near-field measurement
setup are difficult. So the purpose of this work is to in-
tegrate both devices into one setup for an easy and repro-
ducible measurement procedure. The measurement probe
is used to characterize individual patches on the surface of
reflectarray antennas, placing the device a few millimeters
above the antenna surface. This requires a high spatial res-
olution and a insignificant influence of the probe on the ex-
amined structure. The ability of the developed probe has
been investigated in simulations and verified in near-field
measurements at reflectarray structures for 77 GHz. In this
extended paper version, the setup is used to investigate a
test-array with polarization twisting elementary cells and
the lower reflector of a folded antenna, whose character-
istics are based on a bifocal design process.
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1 Introduction

Reflectarray antennas [1–3] have the advantages of easy,
low-cost fabrication and high gain. Simulation tools for
these antennas are usually based on Frequency Selective
Surface Simulations (FSS), which assume infinite periodic
structures.

In order to examine the realistic behavior of such anten-
nas, including the necessary geometrical variations, finite
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dimensions, edge effects, and errors due to fabrication tol-
erances as well, different characterization methods [4] have
been developed in recent time. These methods may also be
applied within other measurement applications, e.g. for the
characterization of reconfigurable antenna concepts [4] or
for other setups in the microwave frequency range.

The problem with rising frequency, however, is the de-
creasing size of both the examined structure and the mea-
surement devices. Near-field measurement concepts intro-
duced for frequencies around 35 GHz [5] are not easily ap-
plicable for higher frequencies, where the designer has to
deal with problems of increased errors due to fabrication
tolerances within the probe design. Another challenge in
higher frequency regions is the alignment of the measure-
ment devices in the near-field setup, leading to shadowing
effects and multiple reflections.

In order to overcome these problems, a novel high-
resolution near-field probe is introduced in this paper. This
device combines both illuminating waveguide and detect-
ing probe for 77 GHz, reduces the alignment problem, and
offers reproducible measurement results.

2 Principle of the Probe

The probe design is based on a substrate integrated wave-
guide (SIW) [6]. This consists of a dielectric material met-
alized on top and bottom. Two rows of metalized via holes
are used as waveguide boundaries. An enlarged photograph
of a SIW for 77 GHz is shown in Figure 1.

The used substrate (Rogers RT Duroid 6010) has a high
permittivity of "r D 10:8, the substrate thickness is h D
0:64 mm. This allows small waveguide dimensions and
therefore leads to the desired high spatial resolution of the
probe.
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Figure 1. Top view of a fabricated substrate-integrated
waveguide (SIW).
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Figure 2. Open simulation model of a near-field probe.

The geometrical parameters of the SIW also depend on
the fabrication tolerances, such as increased deviations for
the placement of the drill holes with smaller repetition dis-
tances s.

Here, the via hole diameter is chosen to d D 0:3 mm,
the via distance (SIW width) is w D 1:1 mm, and the via
repetition distance is s D 0:5 mm.

The effective width weff of the waveguide was deter-
mined by simulations of a SIW with the parameters men-
tioned above, and compared to an equivalent waveguide
model with electric walls as waveguide boundaries [7]. The
result for the effective width obtained with this model was
weff D 0:914 mm. This result is consistent with the esti-
mation from [8] for the SIW parameters from above, which
leads to weff D 0:9 mm.

The principle of a SIW probe design without integrated
illumination is shown in Figure 2. The probe consists
of a rectangular waveguide with a transition to SIW. This
reduces stepwise the height of the rectangular waveguide
down to the substrate thickness h D 0:64 mm. The sub-
strate at the transition itself has the shape of an arrow, which
leads to a slower change of the effective permittivity at the
transition.

As mentioned above, the high permittivity of the sub-
strate allows small effective waveguide dimensions and
good spatial resolution of the probe. As a drawback of this
high permittivity, one should mention the increased sub-
strate losses and the high permittivity steps to air which lead
to strong reflections.

3 Measurement Setup and Integration
of the Transmitting Waveguide

The measurement setup with a probe as described above is
shown in Figure 3. An open waveguide (TX) is illuminating
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Figure 3. Near-field measurement principle with sepa-
rated waveguide for illumination (TX) and detecting probe
(RX).

the device under test (DUT), which here is a reflectarray
surface. The reflected field component is detected by the
probe (RX), a few millimeters above the DUT’s surface.

Although Figure 3. only shows the measurement princi-
ple, it is easy to imagine the problems of alignment of the
devices in the near-field measurement setup, possibly lead-
ing to shadowing effects, multiple reflections, and a slant
angle of incidence.

The alternative probe design proposed in this paper is
shown in Figure 4. It combines both illuminating wave-
guide (TX) and detecting probe (RX). To this end, a di-
electric substrate with the probe is suspended centrally in
the H-plane of the illuminating waveguide. The probe itself
protrudes out of the waveguide; within the waveguide ar-
rangement, a transition to standard waveguide is integrated.
The transmit signal is fed into the structure via waveguide
bend and radiates from the open space above and below the
probe substrate.

The integration of the probe reduces the alignment prob-
lem and allows reproducible measurement results.

4 Simulation and Fabrication of the Probe

In order to obtain the overall model of the probe, simulation
models of the single parts have been built, and their param-
eters have been optimized separately according to [7]. All
sub-models have been combined to the final probe version,
as it can be seen in Figure 4. This includes a model for the
SIW, one model for the RX-transition between waveguide
and air, and for the behavior of the probe tip in front of
an electric wall. With respect to the transmitting waveguide
(TX), the purpose is to both illuminate the DUT from above
and below the probe, but in a bigger distance than the probe
tip. So the height of the transmitter waveguide is increased
stepwise, and finally, the waveguide is separated into two
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Figure 4. Simulation model of detecting probe with inte-
grated illuminating waveguide for 77 GHz.
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Figure 5. Opened integrated probe for 77 GHz.

parts at the junction. To prevent the transmitted wave from
leaking into the side wings of the SIW substrate, an addi-
tional via row was added in the substrate at the junction
point, see Figure 5, showing the opened fabricated arrange-
ment.

The simulated and measured return loss of the critical
RX-path is shown in Figure 6. Obviously the SIW struc-
ture suffers from high losses due to an increased electri-
cal length of the high-permittivity substrate, especially for
the integrated probe, which has increased dimensions com-
pared to the detect-only probe, see Figure 7 (A). Due to the
high computational effort for the simulation of the whole
model, the substrate losses were neglected in the simula-
tion. Another drawback of the probe is the resonant length
leading to standing waves, due to high permittivity steps at
the interfaces to air.
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Figure 6. Simulated and measured return loss of the fabri-
cated probe.
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Figure 7. Fabricated substrate-integrated waveguides for
the detect-only probe (A) and for the integrated probe (B).

However, the probe is still able to detect signals in the
near-field. So the advantages of small waveguide dimen-
sions are settling the choice of the substrate type.

5 Near-Field Measurement Results

For the verification of the probe, a test reflectarray has been
fabricated as a DUT and examined in the near-field setup.
The test structure includes four sub-regions, all consist of
patch arrays with the same dimensions, but rotated by 90°
respectively (see Figure 8). The dimensions of the patches
are chosen in such a way that there is a phase angle differ-
ence of 180° between both orientations.

The patch positions and the phase angle differences
should be verified in the measurement setup, which can be
seen in Figure 9. The illumination of the DUT occurs in
the far-field, from above and below the probe. The probe
tip itself is situated in the near-field of the array, detecting
the reflected signal components from the test array. Dur-
ing the measurement, the location of the array is controlled
automatically via an x-y-table.

The respective measurement results in amplitude and
phase of the near-field of the scanned array are shown in
Figure 10 and Figure 11. In the amplitude scan (Figure 10),
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Figure 8. Model of the test reflectarray for verification of
the probe.

Figure 9. Measurement setup with integrated probe and test
reflectarray.

one can see that the resolution of the probe is high enough
to separate each single patch on the reflector. The corre-
spondent phase angle result obtains the expected phase an-
gle difference of 180° between the patch regions.

6 Polarization Turning Elementary Cell
Measurement Results

A further verification of the high resolution near-field probe
proposed in this work has been performed testing the 1-bit
reconfigurable elementary cell developed in the frame of the
ARASCOM project (“MEMS & Liquid Crystal based Ag-
ile Reflectarray Antennas for Security & COMmunication”)
[9]. One of the aims of the project is the development of a
76.5 GHz imaging system for security applications based on
a large reconfigurable reflectarray. The principle of opera-
tion of elementary cell (Figure 13) is based on the polariza-

Figure 10. Measured amplitude result of the test structure.

Figure 11. Measured phase angle result of the test struc-
ture.

tion twisting concept: the MEMS-controlled phase shifting
layer provides a ˙90° geometrical rotation of the incident
field, in this way is possible to obtain a relative phase dif-
ference of 0°/180° for a theoretically unlimited bandwidth
[10].

A 16 � 16 test reflectarray has been manufactured as a
DUT and examined in the near-field setup. All the cells in-
cluded in the reflectarray are in the same configuration and
the MEMS have been replaced by short/open connections.
Also in this case the patch positions and the phase angle
differences should be verified.

Since ARASCOM elementary cell reflect a polarization
orthogonal respect to the received one, the measurement
setup with separated waveguides as shown in Figure 3 has
been used, but in this case, the far-field illumination of the
DUT (TX) is performed using a 90° twisted waveguide, see
Figure 14.

The amplitude measurement results of the scanned array
(Figure 15) show that is possible to precisely distinguish
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Figure 12. Perspective view of ARASCOM elementary
cell.

Figure 13. Principle of operation of elementary cell.

the position of each patch on the array confirming the high
resolution of the near-field probe.

Exploiting the symmetry of the elementary cell, the two
possible configurations are obtained by rotating the DUT by
90°between two measurements. Some phase angle results
for both configurations are shown in Table I. The phase an-
gle difference between the two possible configurations has
been evaluated at the patch locations and shows an average
value of 178°. The obtained value of relative phase differ-
ence is only 2° away from the optimal value of 180° and is
almost the same value obtained in the free space measure-
ment setup described in [10].

Patch
#1

Patch
#2

Patch
#3

Patch
#4

Patch
#5

Patch
#6

Patch
#7

Patch
#8

Mean
value:

Conf. #1 127.7° 127.9° 130.1° 131.8° 134° 139.7° 130.5° 132.4° 131.1°

Conf. #2 �46:5° �44:7° �49:8° �51:3° �42:5° �53:6° �44:4° �46:9° �47:3°

Average Relative phase difference: 178.4°

Table 1. Reflected phase evaluated in correspondence of 8 randomly selected patch locations.

 

 

Figure 14. Picture of measurement setup for the
ARASCOM cell.

Figure 15. Amplitude of the detected signal.

7 Phase Angle Measurement Results of a Reflectarray
Antenna

The integrated probe setup, as shown in Figure 9, has been
used to characterize a folded reflectarray antenna [2]. Fig-
ure 16 shows the cross section and rays of a modified folded
reflectarray antenna. The radiation from the feed is incident
on a planar structure on top which, in the modified version,
includes a grid on the outer side and narrow dipoles paral-
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Figure 16. Raytracing for the investigated folded reflectar-
ray antenna.
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Figure 17. Measured far-field diagram in the E-plane of
the antenna at 77 GHz with grid design for main beam
directions 0° and 14ı.

lel to the grid on the inner side [11]. Thus, this configu-
ration acts both as a polarizing filter and a reflectarray for
the polarization parallel to grid and dipoles, reflecting the
feed radiation with a controlled phase angle adjustment. At
the reflectarray on the lower side, phase angle can be ad-
justed again, and polarization is twisted by 90°. Based on
the principle of bifocal antennas, this configuration can be
designed as multibeam antenna [11] or, with variable phase
adjustment at the upper reflector, as scanning antenna [12].
Phase variation on the upper reflector can, for example, be
achieved on the basis of liquid crystal material [4].

The performance of the later concept has been tested
with two upper substrates in a “frozen” state for beam-
steering directions 0° and 14° based on standard Rogers
RT5880 substrates with half a millimeter thickness [12].
The measured far-field diagrams in the E-plane for the two
designs are shown in Figure 17. The respective antenna
gains are 31.8 dBi and 30 dBi.

In this work, the lower phase angle distribution is investi-
gated in the above mentioned near-field measurement setup
with the integrated probe at 77 GHz. In Figure 18, the phase

 

Figure 18. Measured phase angle result of a near-field scan
with the integrated probe of the lower reflector at 77 GHz
and photo of the lower reflector.
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Figure 19. Measured and simulated phase angle for a radial
cut of the antenna reflector in the bifocal axis at 77 GHz.

angle result of a measured near-field scan above the lower
reflector is shown. The phase angle results show reasonable
results and even the drill holes can be detected easily with
the given setup. A radial cut is marked in Figure 18, both in
the measured phase angle plot and the photo of the reflector.

The measured phase angle results in this radial scan are
compared with the theoretical phase angles from the design
process and are shown in Figure 19. It can be seen, that the
theoretically required reflection phase angles are verified by
the measurement results achieved with the proposed near-
field measurement setup.

8 Conclusion

In this paper, a high resolution near-field probe with inte-
grated illuminating waveguide is proposed. The probe de-
sign and near-field measurement setup for 77 GHz have
been shown and verified for a test array at this frequency.
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The measurement setup using this probe reduces the align-
ment problem and allows reproducible measurement re-
sults. Due to the high resolution and the small influence of
the probe, the patches could be detected individually, and
the designed phase angle differences between the patch re-
gions could be verified.

Furthermore, the setup has been used to investigate a
test-array with polarization twisting elementary cells and
the lower reflector of a folded reflectarray antenna, whose
characteristics is based on a bifocal design process.
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