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Contactless RF Probe Interconnect Technology
Enabling Broadband Testing to the Terahertz Range

Alejandro Rivera-Lavado , Muhsin Ali , Daniel Gallego-Cabo , Luis-Enrique García-Muñoz ,
Dmitri V. Lioubtchenko , Member, IEEE, and Guillermo Carpintero , Senior Member, IEEE

Abstract—Radiofrequency (RF) probes based on 50-Ω planar
transmission lines play a key role in almost every stage of RF device
development, establishing the physical contact between high-end
instrumentation and the device. With the continuous downscaling
of semiconductor technologies to reach into the millimeter-wave
(30–300 GHz) and Terahertz (300 GHz to 3 THz) bands and
devices exhibiting broader frequency response, current RF probe
technology is the Achilles heel for precise and repeatable measure-
ments. Here, we propose a novel RF probe technology based on the
near-field coupling of single-mode dielectric waveguide structures,
which according to our full-wave simulations provide an extremely
broad frequency range covering from 0 Hz up to 340 GHz, the
largest continuous bandwidth reported to date. A concept demon-
strator using this approach shows contactless RF probing on test
structures, which shows the path toward continuous measurements
across the microwave, millimeter-wave, and Terahertz range.

Index Terms—Contactless probe, dielectric rod waveguide
(DRW), terahertz, ultra-wideband interconnection.

I. INTRODUCTION

THE frequency bands above 100 GHz have unique char-
acteristics, such as penetration through fog, rain, and

cloud, which are attractive in a variety of applications, being
the vast amounts of available bandwidth a key characteristic
for ultra-high-speed wireless and satellite communications [1].
Different bands have recently been allocated above 100 GHz
for commercial telecommunication services in Japan (116–
134 GHz) and United States (116–123 GHz, 174.8–182 GHz,
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Fig. 1. Frequency range of coaxial and rectangular waveguide standardized
interconnection interfaces covering the millimeter- and Terahertz wave ranges
of the spectrum.

185–190 GHz, and 244–246 GHz) [2]. To reach these bands,
the electronics industry has evolved through a continuous down-
scaling of semiconductor technologies to unlock higher cut-off
frequencies [3]. State-of-the-art Monolithic Integrated Circuits
(MMIC) using metamorphic High Electron Mobility Transistor
(mHEMT) technology reached above 500 GHz [4] while high-
speed photodiodes used in microwave photonics reached above
2 THz [5], [6].

Radiofrequency (RF) probes play a key role in almost every
step of the RF devices lifecycle, enabling measuring the true
characteristics of the RF components at the chip level. RF probes
were initially developed by Tektronix in the 1980s and have
evolved with an exponential increase in their maximum fre-
quency [7]. Although frequencies up to 1.1 THz are feasible [8],
the maximum frequency is usually limited by the connector
interfacing the RF probe to the test equipment. Standardized
coaxial connectors provide a continuous operating frequency
range from dc (0 Hz) up to a maximum frequency determined
by the connector type: 40 GHz for the 2.92 mm (K) connector,
67 GHz for the 1.85-mm connector and, more recently, 110 GHz
with the 1-mm connector [9], and 220 GHz for the 0.6 mm one
(see Fig. 1). For frequencies above 220 GHz, the dimensions of
coaxial become impractically small and rectangular waveguide
interconnects become the only option. These allow interconnects
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up to 1.1 THz, with the important drawback of being band
limited [10], as shown in Fig. 1.

On the other RF probe end, the interface between the probe
and the device under test (DUT) is established through ter-
mination of a 50-Ω RF planar transmission line defining the
probe tip. Designed to maintain the 50-Ω condition as close
as possible to the DUT pads [7]. The contact pad structure
depends on the type of transmission line (Co-Planar Waveguide,
Co-Planar Stripe,...) used in the DUT, which established dif-
ferent arrangements for the signal and ground contacts, which
must be reproduced by the probe tip. The RF probe must land
the probe tip contacts onto the corresponding DUT pads to
achieve an electrical connection at this interface. As frequency
increases, the spacing between the pads decreases down to 25
μm [8], making this approach extremely challenging. Accurate
and repeatable measurements between 500 GHz require probe
placement errors below 1 μm, beyond manual positioning ca-
pabilities, to achieve a phase uncertainty smaller than 1◦ [11]
and to avoid the excitation of parasitic higher-order modes,
which alter the DUT frequency response as well as degrade
the accuracy of the calibration [12]. Another critical issue for
measuring device characteristics on-chip is probe crosstalk, from
probe-to-probe signal coupling [13] and probe coupling with
neighboring structures [14]. In addition, the physical nature of
the contact introduces sensitiveness to temperature variations
and vibrations, causing uncertainties over long measurement pe-
riods, and also causing wear of the probe tip limiting the number
of possible measurements. It has been noted that improving on-
chip high-frequency measurements require the correct design of
RF probes [15], which have become the Achilles heel for precise
and repeatable measurements at millimeter- and Terahertz wave
ranges.

Noncontact RF probing is a desirable feature aiming for more
stable, more repeatable measurements. Several solutions have
been reported to date. One approach is based on defining planar
antennas at each DUT access port, using a quasi-optical elec-
tromagnetic coupling requiring parabolic mirrors and placing
the DUT onto a hemispherical silicon lens to feed the signals
from vector network analyzer (VNA) extension heads [16]. This
approach has all the drawbacks of using rectangular waveguide
coupled extension heads, which are band limited and prevent
from providing measurements across the entire spectrum. A
different approach employs dielectric waveguide structures to
achieve high-frequency probes. A simple dielectric probe oper-
ating in the sub-terahertz band from 190 to 220 GHz is based
on a silicon dielectric tip coupling the electromagnetic energy
from a high-resistive silicon dielectric waveguide (SDW) into
another dielectric waveguide on a substrate [17]. This solution
requires the wave to undergo multiple reflections along the
coupling tip to achieve the critical angle and couple into the
dielectric waveguide, being the source of its high losses. A more
recent noncontact probing scheme using dielectric waveguides
has demonstrated, using a dielectric rod waveguide (DRW)
and a coplanar waveguide (CPW), operating over the range
from 50 to 75 GHz, with 1.6-dB insertion loss and −20 dB
return loss at 65 GHz [18]. However, all the current dielectric
waveguide-based probing solutions reported to date excite the

Fig. 2. Sketch of a 2-port DUT measurement setup. Two dielectric probes are
used for obtaining the 2 × 2 S-parameter matrix.

dielectric waveguide through inserting them into metallic rect-
angular waveguides, which again limits the operating frequency
range to that of the used WR flange (190–260 -WR5.1- in [17]
and 50–75 GHz -WR15- in [18]).

We present a new RF probing concept [19] that relies on
a novel broadband single-mode excitation scheme of dielec-
tric waveguide structures, in the present work, a DRW [20],
[21], [22], demonstrating the proof-of-principle for a noncontact
probe operating over multiple WR bands. This novel RF probe
approach uses near-field coupling to the DRW, which eliminates
the need for physical contact and enables contactless operation.
In addition, the near-field coupler is designed to excite only one
DRW mode over a wide frequency range, allowing to achieve
the largest continuous bandwidth reported to date ranging from
0 Hz to above 340 GHz. In summary, we present a novel RF
probing paradigm based on dielectric waveguides that unlocks
desirable characteristics such as noncontact operation over a
broad frequency range with a single probe.

II. HIGH-FREQUENCY CONTACTLESS DIELECTRIC

INTERCONNECTION STRUCTURE

A. Description

The core of the RF probe uses a novel high-frequency con-
tactless RF interconnect concept based on dielectric waveguides.
Fig. 2 shows a 2-port measurement setup. The complete char-
acterization of the DUT is achieved with two ultra-broadband
interconnections, 1 and 2. In this section, we describe this novel
interconnect concept. Sections III and IV demonstrate the fea-
sibility of this approach with simulations and measurement re-
sults. Due to the achieved bandwidth, it is especially convenient
for photonic-driven VNAs, where a photomixer source, two
photoconductive receivers, and a ultra-broadband directional
coupler per port allow the measurement of the incident and
reflected wave phase and amplitude. A further discussion of
this is out of the scope of this article. This article is focused on
the contactless interconnection and the single-mode excitation
of the dielectric structure.

Our approach to achieve a high-frequency contactless inter-
connect, shown in Fig. 3(a), is based on the combination of
coplanar antennas and dielectric waveguide structures. Fig. 3(a)
sketches a single interconnection between two generic RF ports,
RF Port A from Device A with RF port B from Device B. In this
particular application, Device A corresponds to the single-mode
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Fig. 3. Ultra-wideband interconnection structure. A high-permittivity DRW is placed over two coplanar antennas (TSA-A and TSA-B). (a) If the distance between
the DRW and the TSAs substrates is low enough (see Section III), a signal link is established between the devices A and B. (b) Same structure implementing a test
probe that is landing to a DUT. (c) If two contact metal pins (dark yellow) are added, the probe range can be extended up to dc (see Section B).

Fig. 4. Excitation of the TSA mode launcher: (a) By using an integrated electronic or optoelectronic device with a high impedance dc bias interconnection and
(b) by using a coaxial connector and a CPW-to-CPS transition. The inset shows the CPW-to-CPS metal bridge (red) that connects the central strip of the CPW line
(dark yellow) with one of the TSA arms.

excitation of the DRW, and device B is the DUT port. The
interconnection is established through a DRW structure made of
the high-permittivity material, bridging the RF signals between
the two ports. The RF signals are launched at one port, propagate
through the DRW, coupling from the DRW to the opposite port.
The interconnection concept used as a test probe is shown in
Fig. 3(b). Its contactless capabilities are demonstrated with S21

measurements for different gaps ΔZ between the DRW and
the DUT substrate from 55 to 110 GHz using the manufactured
coaxial connector-based proof-of-concept. The DRW width of
the probe WDRW defines a low cutoff frequency (fLCO). The
frequency range can be extended up to dc if two metal contacts
are added [see Fig. 3(c)]. Such metal contacts are intended
to work from dc to the dielectric structure with low cutoff
frequency. Because of this, a proper selection of that cutoff
frequency leads to alignment tolerances less restrictive than the
ones with GSG probes. In this dc extension, only the metal strips
require contact. The dielectric probe, the most sensible part of
the probe, can still work contactless.

The key to our approach is that the RF signals at each port
are launched into the DRW exciting only a single mode using:

1) linear-tapered slot antenna (TSA) and 2) tapered ends of the
dielectric waveguide. Both ensure a smooth transition of the
characteristic impedance Z0 between the TSA and the DRW.
The excitation of the TSA is done through the balanced bifilar
line composed of the two TSA arms. In addition, the TSA
length is greater than dielectric waveguide taper length to avoid
signal reflections at the TSA termination. This structure can be
directly grown instead of the current contact pads of advanced
RF MMICs as well as optoelectronic sources, such as photocon-
ductive [23], UTC [24], or n-i-pn-i-p [25] photodiodes. In this
configuration [see Fig. 4(a)], it is possible to bias the device with
metal tracks (yellow) printed in a low-permittivity substrate,
such as Rogers RT/Duroid 5880 (brown). This configuration
allows us to take advantage of the ultra-broadband of sources
and detectors. We choose this configuration to demonstrate the
wideband response from 55 to 340 GHz (see Fig. 5) and from
0 Hz to 340 GHz (see Fig. 6) with full-wave simulations (see
Section B). The higher frequency of our analysis is limited
by the available computational resources. Fig. 4(b) shows an
alternative excitation, on which a coaxial connector and a CPW-
to-CPS transition [26] are used to feed the TSA. We choose this
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Fig. 5. (a) Simulation model of the high-frequency interconnection structure combining coplanar antennas and dielectric waveguide, and (b) simulated scattering
parameters (S11, S22, red; S21, S12, black) representing the frequency response, starting at fLCO = 55 GHz and reaching into the Terahertz range beyond
350 GHz.

Fig. 6. (a) Simulation model of the high-frequency interconnection structure combining coplanar antennas and dielectric waveguide, and (b) simulated scattering
parameters (S11, S22, red; S21, S12, black) representing the frequency response, ranging from dc to beyond 350 GHz.

configuration (using a 1-mm connector) to interface with our
Anritsu VNA in the experimental demonstration (see Section
C). These connectors not only limit the maximum frequency
to 110 GHz but also introduce attenuation roll-off that the
simulation does not include. For these reasons, while the traces
are not one-to-one comparable, the simulation allows us to
demonstrate the wide bandwidth and single-mode excitation of
the dielectric waveguide. On the other hand, the experimental
results demonstrate the consistent low-frequency roll-off and the
noncontact interconnect characteristic.

The high-frequency DRW is bidirectional and presents a high-
pass frequency response, which is determined by the TSA (the
DRW structure does not have an abrupt low cut-off limit [21]).
Only signals with frequencies above a low cut-off frequency
fLCO, which depends on the DRW width WDRW and the ratio
between the length of the TSA to the length of the dielectric
waveguide taper (LTSA/LDRW), are coupled to the DRW. In-
creasing this ratio is possible to reduce fLCO without increasing
the DRW width. The dielectric structure couples high-frequency
signals via a near-field coupling, so there is no need for physical
contact between the dielectric tip and the device substrate to
achieve low loss. As we will show, it is possible to extend the

frequency response toward lower frequencies by incorporating
metallic extensions to the TSA arms, creating a bifilar line
interconnecting the two ports TSA tips.

It is a known fact that dielectric waveguides are a dispersive
propagation media. However, for high-frequency characteriza-
tion and test of devices, this is not an issue, as we commonly use a
single tone whose frequency is swept over the frequency range of
interest. A calibration step allows us to compensate the dielectric
waveguide dispersion in the signal phase. The advantage of our
approach is that most of the power is coupled in a single mode,
which leads to a predominant signal path through the structure,
so intermodal interference is avoided. When the TSA matches
the DRW taper, the bandwidth is extended to frequencies above
the cut-off frequency of DRW higher-order modes. Ours is a
novel approach that differs from other similar structures [27]
that achieve smaller bandwidths.

B. Design Results

To demonstrate the characteristics of the novel high-frequency
contactless RF interconnect structure, standard numerical simu-
lation software has been used to solve for the frequency response
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when used to interconnect RF Port A with RF port B, as shown in
Fig. 3, demonstrating that enables an operating frequency range
above 340 GHz. All simulations were done using the full-wave
simulator ANSYS HFSS [28] from 10 MHz to 340 GHz in
12 different subbands. From 10 MHz to 1 GHz, the frequency
step is 4.4 MHz, from 1 to 180 GHz is 250 MHz, and from
180 to 340 GHz is 10 GHz. A mesh refinement with a maximum
elements length of 3 μm in the vertex of the TSA metallization
is required for achieving consistency between results of the
different subbands. At low frequencies, the default meshing
options lead to inconsistent results. 64 GB of RAM is required
for simulating the structure up to 340 GHz. Both metal and
dielectric are assumed to be lossless.

The dielectric waveguide structure with the coupling TSA
antennas is shown in Fig. 5(a). For the simulation, we have
assumed a DRW made of low-loss high-resistive silicon, with
thickness T = 200 μm. As the worst scenario, the simulation
structure assumes a high-permittivity material (high-resistive
silicon) substrate on which the TSA antennas are grown, shown
in Fig. 5(a) as yellow metal patterns. The single-mode excitation
of the DRW is achieved by the TSA and the DRW taper. The
total length of the TSA is LTSA = 14.5 mm and a width of
3 mm. The TSA metal is tapered from 10 μm at the RF port
tip to 0.54 mm at the TSA termination end. The TSA gap is
also tapered, from 50 μm at the RF port to 1.93 mm at the
termination. For this TSA, we have selected a DRW taper length
of LDRW = 7.25 mm, which ensures a smooth characteristic
impedance Z0 transition between the port bifilar line and the
DRW. When assuming a silicon relative permittivity εr of 11.9,
a metal strip width of 10μm, and a gap of 50μm, a characteristic
impedance Z0 of 160 Ω is obtained via full-wave simulations.
For 50-Ω integrated devices, extra broadband and transitions
to other transmission line technology may be required, while
for optoelectronics devices, better impedance matching can be
achieved by increasing the TSA tip Z0. The inset shows the
simulated E-field amplitude distribution at 340 GHz. Since
only the mode excited by the TSA is present (HEx

11) there is
no intermodal interference, and the signal propagation occurs
without nulls over the studied frequency range. This mode is in
the same orientation as the TSA polarization, which ensures an
efficient signal coupling between TSA and DRW.

The simulated S-parameter of the dielectric waveguide inter-
connect structure is shown in Fig. 5(b). The result shows that this
structure efficiently couples signals between the two RF ports
with a low cut-off frequency fLCO = 55 GHz. The operating
frequency range extends from fLCO to, at least, 340 GHz with a
6-dB insertion losses criterion for a back-to-back configuration.
For frequencies above 60 GHz, the reflection losses (RLs) are
greater than 15 dB, and the back-to-back insertion losses are
lower than 2 dB.

We have also simulated the response of the structure including
the metallic bifilar line to extend the frequency response toward
the lower frequencies, removing the lower cut-off frequency
fLCO. To the previous structure, we include a bifilar line connect-
ing the tapered terminations of the TSA antennas. The resulting
structure is shown in Fig. 6(a), in which the bifilar line has been
added to the dielectric structure, highlighted in orange color. The

Fig. 7. Assembled back-to-back proof of concept using 1-mm coaxial con-
nectors to interface with the TSA antennas using a CPW-to-CPS transition. The
inset represents the transition from the W1 coaxial connector with the CPW
interface with the TSA antenna CPS feed.

bifilar strip width is 0.54 mm and the separation between the
DRW and the bifilar line is 500 μm, selected to avoid the bifilar
line disrupting the DRW single-mode transmission for signals
with frequencies above fLCO, when the signal energy is confined
within the high-permittivity DRW structure. Actually, the E-field
is parallel to the X-axis (HEx

11). The evanescent signal power
outside the DRW is not negligible at low frequencies (f <fLCO).
The fields are arranged in a TEM mode between the two metal-
lic wires, confirmed via full-wave simulations. The structure
including the bifilar line achieves insertion losses below 2.1 dB
from 0 Hz to 340 GHz for a distance between the two TSAs of
12 mm. RLs are typically greater than 20 dB. The worst value
is found at 1.5 GHz (RL = 8.27 dB), in a resonance related to
the distance between ports.

C. Experimental Results

To demonstrate the novel interconnect concept, we have de-
veloped an experimental back-to-back proof-of-concept demon-
strator of the ultra-wideband interconnection structure shown
in Fig. 3(a). A photograph of the test structure, placed within
the measurement setup, is shown in Fig. 7. The figure shows
how the devices, Device A and Device B, are composed of an
Anritsu 3743 A millimeter-wave broadband extension head with
an operating frequency range from 70 kHz to 110 GHz, a coaxial
1-mm PCB connector and a CPW to coplanar stripe (CPS)
transition. These feed each port high-frequency contactless RF
interconnect coplanar TSA antenna. The substrate on which
the coaxial 1-mm PCB connector, the transition, and the TSA
antenna were fabricated is a low-permittivity material, Rogers
RT/Duroid 5880.

Two of these assemblies are connected to the RF ports of the
Anritsu 3743 A millimeter-wave broadband extension heads,
and a DRW is used to interconnect both assemblies, as shown
in Fig. 7. The DRW uses low-losses high-resistivity undoped
silicon of 500 μm thickness. We experimentally measure the
S-parameters of the structure with an Anritsu MS4647B VNA.
Each frequency swept has 10.001 points, linearly distributed
from 70 kHz to 110 GHz. The VNA intermediate frequency
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Fig. 8. Measured transmission coefficients S21 of the different test board
structures, feed by W1-coaxial connectors.

(IF) bandwidth is set to 1 kHz. To isolate the effects introduced
by the 1-mm connectors and the CPW to CPS transitions, four
different test boards have been fabricated as references, shown
in the inset of Fig. 8.

1) TestBoard-A0: The two RF port 1-mm connectors were
connected with a CPW line. This test board established the
baseline for the frequency response of the interconnect.

2) TestBoard-A: The two RF port 1-mm connectors CPW
line was followed by a CPW-to-CPS transition, connecting
both ports through a CPS bifilar line. This test board allows
us to evaluate the influence of the transition required for
the TSA antennas.

3) TestBoard-B: Each 1-mm connector was followed by a
CPW line, a CPW-to-CPS transition, and a TSA antenna,
all of which are on a single substrate.

4) TestBoard-C: Two different substrates were used for each
RF port, providing a W1-connector followed by a CPW
line, a CPW-to-CPS transition, and TSA antenna.

To interconnect the RF port TSA antennas in TestBoard-B
and TestBoard-C, we manufactured a DRW with 1 mm width
(WDRW = 1 mm), 0.5 mm thickness (T = 0.5 mm), and 8-
mm taper length. The distance between TSA antennas LB is
31.4 mm. TSA length is LTSA = 15.0 mm, G is 1.0 mm, and
WB is 1.0 mm. The test boards were mounted on methacrylate
base plates for structural rigidity and measured with the Anritsu
MS4647B VNA.

The measured transmission coefficient S21 for each of the
TestBoard structures is shown in Fig. 8. The light blue line is
the result for TestBoard-A0, in which the two W1-connectors
were connected with the CPW specified by the manufacturer
and serves as the reference. The manufacturer specifies the
insertion losses in a similar structure on the order of −0.489 dB
at 10 GHz, −2.693 dB at 90 GHz, and −7.117 at 110 GHz with
a Rogers RO3003 substrate [29]. Our TestBoard-A0 provides
similar results with a Rogers RT/Duroid 5880. The introduction
of the CPW-to-CPS transition does not significantly alter these
results, as observed in Fig. 8. It is also clearly observed that
the novel structures that we proposed exhibit a low cut-off
frequency (fLCO). Due to the low relative permittivity (εr = 2.2)

Fig. 9. Assembled RF test probe demonstrator placing two TestBoard-C
structures on independent methacrylate base plates, gluing the DRW structure
to one of the substrates (left). The structures were fixed through the W1-coaxial
connectors to the Anritsu 3743 A millimeter-wave broadband extension heads,
which were placed onto positioning stages with five degrees of freedom.

of the Rogers RT/Duroid 5880 substrate, fLCO increased from
the designed 45 GHz achieved in simulation to 55 GHz. For
frequencies above 55 GHz, the insertion losses are similar, so
the performance of our solution is similar to the bifilar line. The
absence of transmission nulls between 55 and 110 GHz implies a
lack of internal reflections inside the proof-of-concept, so a good
matching is achieved between the bifilar line, the TSA pad, and
the DRW. Furthermore, it means that there is no coexistence
of two or more propagating modes inside the rod since there
are no signs of intermodal interference in S21. To prove that
the transmission is done through the DRW, S21 without the
dielectric waveguide is provided for the TestBoard-B prototype
(red). As expected, since the TSA pads act as antennas, there
is still transmission, but an extra loss factor of 30 dB is added
to the link. Furthermore, we observe an interference pattern in
the working band, with a mean free spectral range (FSR) ΔνFSR

= 7.96 GHz. It is defined as ΔνFSR = c/(ngLR), where c is
the speed of light in vacuum, ng is the refractive index. When
considering air (ng = n0 = 1), it leads to a resonance length LR

of 37.7 mm, close to the distance between TSA antennas. This
allows us to establish that there are signal reflections between
them.

III. HIGH-FREQUENCY CONTACTLESS DIELECTRIC RF PROBE

A. Description

In this section, we introduce our novel high-frequency RF
probe concept, based on the high-frequency interconnect that
we have described above. To develop the RF test probe, we use
one of the TestBoard-C substrates that include a W1-connector,
followed by a CPW line, a CPW-to-CPS transition, and TSA
antenna. The DRW is then glued on the Rogers RT/Duroid
5880, carefully placing it in its optimum position, symmetrically
with respect to the TSA pads. Another structure is assembled
as a landing substrate, including the W1-connector and Rogers
RT/Duroid 5880 with the CPW line, CPW-to-CPS transition, and
the TSA antenna. Both are placed on independent methacrylate
base plates, using the W1-coaxial connectors to attach each
assembly to an Anritsu 3743 A millimeter-wave broadband
extension head, as shown in Fig. 9. Each broadband extension
head was mounted on positioning stages providing five degrees
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Fig. 10. Alignment tolerances study. (a) Error definitions for a probe (purple) landing in a 1-port DUT. Attenuation ΔL in decibels is shown for frequencies
between 60 and 110 GHz and for an alignment error in the (b) X-axis (ΔX), (c) Y -axis (ΔY ), (d) Z-axis (ΔZ), (e) the yaw angle (Δα), and (f) the pitch angle
(Δβ).
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of freedom between the two structures, to analyze the influence
of the alignment between them on the high-frequency intercon-
nection performance.

B. Accuracy of Alignment Requirements

We performed a study of the alignment error tolerances with
the setup shown in Fig. 9. The optimum DRW position is deter-
mined by full-wave simulations of the back-to-back model. We
have defined the optimum in terms of insertion losses, planarity
of S21, and maximum working frequency in a single-mode
working regime. The experimental setup allows testing errors
in the X , Y, and Z axes, as well as two angular errors (pitch and
yaw), as shown in Fig. 10(a). The offsets for each axis are defined
with respect to the coordinate origin placed at the optimum
DRW tip position (OP), being positive in the direction shown
for each one (ΔX , ΔY , ΔZ, Δα, and Δβ). All measurements
were normalized with respect to the measured response at this
optimum placement of the DRW, representing the response as
the additional attenuation introduced by the offset for each axis.
We introduce the additional attenuation factor ΔL obtained for
frequencies between 60 and 110 GHz with a frequency step of
11 MHz.

Our measurements, shown in Fig. 10(b)–(f) for the offset
errors ΔX , ΔY , ΔZ, Δα, and Δβ, respectively, highlight that
our interconnection solution is robust again spatial alignment
errors. It is possible to ensure a connection loss ΔL lower
than 1 dB for frequencies up to 110 GHz if the alignment
error is smaller than 100 μm. In the X-axis, there is signal
transmission when the DRW lies inside the arms of the landing
pad TSA metallic pattern. For the Y -axis, an error of ±700
μm around the optimum landing site ensures a ΔL < 1 dB.
Testing Y -offsets lower than -0.8 mm was not possible in our
setup since the DRW can damage the bridge of the CPW-to-CPS
transition [26].

A key aspect is that, as shown in Fig. 10(d), it is possible
to achieve efficient signal coupling without physical contact
along with the measured bandwidth. A 40-μm gap between the
DRW probe and the landing TSA ensures a transmission loss
ΔL < 1 dB up to 110 GHz. If a ΔL < 3 dB is acceptable,
then a gap of 150 μm is allowed. According to our study,
the probe is robust to angular error. Up to 110 GHz, a yaw
error (in-plane angular error, Δα) smaller than ±1.5◦ allows
achieving the ΔL < 1-dB criterion. Due to limitations in our
setup, the pitch angle study was bounded to 0.45◦. A ΔL< 1 dB
was achieved for all angles and all frequencies up to 110 GHz.
According to our simulations, the appearance of higher-order
modes limits each axis and each angle tolerances for frequencies
where a multimode regime is possible for the DRW, so a tradeoff
between maximum working frequency and mechanical precision
can be set for a measurement setup. For this DRW design,
special care must be placed when aligning the probe and the
landing pad axes for frequencies above 200 GHz. A tolerance
study for frequencies above 110 GHz requires integrating op-
toelectronics sources and detectors in our system. This work
is being carried out, and results will be reported in a future
contribution.

IV. CONCLUSION

This work presents a novel high-frequency interconnection
paradigm based on dielectric waveguide technology using non-
contact near-field signal coupling. It covers the microwave
(3–30 GHz) and the millimeter-wave (30–300 GHz) frequency
bands. The presented simulations demonstrate the coupling of
signals without the need for physical contact for frequencies
from 50 GHz to at least 340 GHz with insertion losses below 2 dB
between the two connected devices in a back-to-back setup. We
extend this concept, to eliminate the lower cut-off frequency, in-
troducing metal contacts in the structure. The resulting intercon-
nection is no longer contactless; however, our simulation results
show an operating range from 0 Hz up to 340 GHz. This is the
widest operating range of an interconnection to date, replacing
the current W1 coaxial connector standard (dc–110 GHz) and
three rectangular waveguide standards, WR7 (110–170 GHz),
WR5 (140–220 GHz), and WR3 (220–330 GHz).

This high-frequency interconnection paradigm is highly ver-
satile, enabling a novel type of RF test probe to interface high-
end test instrumentation with high-frequency devices during
their development phase. This is extremely useful as devices
are required to be broadband and their complexity is increasing
to the point where a complete wireless system can be fitted
on a single IC. A prototype of the RF test probe has been
manufactured and characterized, validating the concept from
55 to 110 GHz and demonstrating insertion losses ΔL smaller
than 1 dB at 110 GHz within the tolerances of ±100 μm in
the X-axis, ±700 μm in the Y -axis, a gap between probe and
landing pad up to ±40 μm, and error angles in the pitch and
yaw of 0.45◦ and ±1.5◦, respectively. A key advantage of this
probe is that it is also backward compatible, being capable
of interfacing with current rectangular and circular waveguide
standards.
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