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Abstract— This paper presents a fifth order stepped
impedance low-pass filter using low loss Planar Goubau Line
(PGL) technology on high resistivity Silicon substrate at
millimeter-wave frequencies. The filter is simulated and
optimized using 3D full-wave electromagnetic field simulations
performed on HFSS (High Frequency Simulator Structure). On-
wafer measurements in the 50-65 GHz band are in good
agreement with simulation results. At 60 GHz, the measured
insertion loss is 3.6dB which includes the two coplanar
waveguide-to-GPL transitions.

Keywords— Stepped impedance filter; low-pass filter; 60 GHz;
Planar Goubau Line (PGL)

L INTRODUCTION

Performance, miniaturization, fabrication easiness and low
cost are the usual aims behind the evolution of different
electronic components, whose achievement depends on the
characteristics of the used technology.

Thanks to its low cost, its low dispersion and its simple
fabrication process, the Planar Goubau line (PGL) which is the
planar version of Goubau line (single conductor line
surrounded by dielectric) has been studied and used for
different components: antennas [1], filters and resonators [2]
at millimeter frequency band up to THz [3]. The planar
structure of Goubau line has been presented on high resistivity
Silicon substrate in [4], and showed very low insertion losses
(< 0.07 dB/mm) in the unlicensed frequency band of 60 GHz.
The filters play an important role in microwave and millimeter
communication systems and most of them are designed using
a micro-strip technology.Aband-pass filter fabricated on
alumina ceramic shows a measuredinsertion loss less than 4dB
over 3 GHz band at 60GHz [5]. For suspended line
technology, a low-pass stepped impedance filter is simulated
in [6] on CST (Computer Simulation Technology) and has
presented insertion loss of 2.5 dB at 60GHz.

This paper presents a stepped impedance low-pass filter at
60 GHz designed in a PGL technology. It is organized as
following: in Section II, we describe the PGL structure and the
filter design. 3D electromagnetic simulation results performed
using numerical full-wave calculations with HFSS (High
Frequency Simulator Structure) are presented and compared
with on-wafer measurements in Sections III and IV. Finally,
the main conclusions are summarized in Section V.

II.  FILTER DESIGN

A. Planar Goubau Line (PGL)

A Planar Goubau Line (PGL) structure consists of a single
metallic strip on a dielectric substrate without any ground
plane. In [4], the PGL is designed on a high resistivity Silicon
substrate of 500 um thickness with a gold metallization of
1 pm. To miniaturize the structure, the thickness of high
resistivity Silicon is reduced to 350 um (Fig.1a).
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Fig. 1. Planar Goubau Line Structure (PGL), a. on Silicon substrate, b. on
Silicon+Glass substratetmetallic chuck

As the filter is measured on-wafer and positioned on the
metallic chuck of the probe station, we have added a 500 pm
glass substrate under the Silicon substrate to minimize the
related field disturbance (Fig.1.b).As shown in Fig.2.b, the
glass substrate addition allows reducing the disturbance of the
metallization chuck on the PGL propagation. Its effect on the
PGL propagation mode can be neglected: we can consider that
there is no noticeable effect of the chuck on filter
measurements after adding the glass substrate.

We have also designed a coplanar-PGL tapered transition
to perform on-wafer measurements with coplanar probes and
to match the 50 Q PGL access of the filter to the 50Q coplanar
probe access.
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Fig. 2. Magnitude of electric field in transverse plane (y0z) with metallic
chuck, a. PGL on Silicon, b. PGL on Silicon+ Glass

B. Procedure of Filter Design

The millimeter low-pass filter has the following aimed
characteristics: cutoff frequency f. of 60 GHz, pass-band
ripple of 0.5dB, insertion loss around -15dB at67GHz. The
filter must have a 50 Q characteristic impedance at both its
input and output ports. According to these specifications, we
have chosen a fifth order (n=5) filter with a Chebyshev
approximation. The normalized element values obtained from
tables are [7]: go=g¢ =1, g1= g5 = 1.7058, go= g4 = 1.2296, g3
=2.5408

For the m-section circuit topology, LC component values
can be calculated as follows [7]:

Li= (giZo) / (2xf.)
Ci =8gi / (Zoznfc)

if i is even 1
if i is odd (2)

Using design equations of stepped impedance low-pass
filter [7], the lengths of transmission line sections are found
and reported in Table 1.

Table I. LC element values and dimensions of filter
lines
_ Li G Zoi Li Wi
S lam | @® | @ | @m | um
1 50 500 350
1.3394 92 30 46 600
1.337 | 0.16 98 53 50
2.166 138 20 61 800
1.337 | 0.16 98 53 50
1.3394 92 30 46 600
1 50 500 350

It is important to note that the transmission line tool
LineCalc in ADS (Advanced Design System) considers a
micro-strip mode (with ground plane), while the filter
structure is fabricated using a planar Goubau line technology
(without ground plane): the lumped elements are therefore
modified in distributed elements (Table I). An electromagnetic

parametric simulation on planar Goubau lines has been done
using HFSS to obtain the line widths corresponding to the
characteristic impedances that has been chosen: High-
impedance sections (98 Q) of the GPL synthesize the
inductors and low-impedance sections (20 and 30 Q) replace
the capacitors of the low-pass filter.

The stepped impedance low-pass filter layout and the
corresponding planar transmission lines for each LC element
are depicted in Fig.3. Zoc and Zo are respectively the
characteristic impedances of the low and high impedance
lines. We assume that the source and load impedances are
50 Q.

Fig. 3. Electrical equivalent circuit of the stepped impedance low-pass filter
and its layout in PGL technology

Fig. 4 shows the ideal frequency response of the LC filter
simulated using ADS up to 70 GHz. The pass-band ripple of
0.5dB is clearly visible. The lumped-element low-pass filter
presents also an attenuation of 0.5dB at f. and the return loss is
better than 10 dB.
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Fig. 4. Simulated S-parameters with ADS

III. 3D ELECTROMAGNETIC SIMULATIONS

First, the structure of the stepped impedance low-pass filter
without coplanar-PGL transition is simulated and optimized
using HFSS between 40 and 70 GHz (Fig.5.a). The value of
widths obtained for the lumped elements are designed under



HFSS for the planar Goubau line and then, slightly modified
to take into account the coupling between the different line
sections. The transmission parameter is around 2.9 dB at
64GHz, in electromagnetic simulation: we consider all the
losses: metallic, dielectric and radiating losses. In electrical
simulation, the transmission is around 3.5 dB at 64GHz, the
electrical model is designed with capacitors and inductors

The simulated insertion losses for the stepped impedance

filter with the PGL technology (1.8 dB at 60 GHz),better than
the ones with the suspended line technology (2.5dB at

60 GHz) [6].

IV. MEASUREMENTS

without resistors.

The impedance matching seems better with HFSS, as the
reflection coefficient is determined for an access characteristic
impedance equal to the Goubau line one, that varies between
48 and 52 Q over the frequency band 55-67 GHz, while on
ADS simulatorthe excitation ports have 502 characteristic

The PGL filter was measured on wafer using 150 pm pitch
Ground-Signal-Ground probes and a Vectorial Network
Analyzer (VNA) operating up to 67 GHz [9]. A LRM (Line
Reflect Match) calibration technique is used to eliminate
systematic measurement errors due to the imperfections in the
analyzer and test setup. Fig.6a shows the fabricated stepped
impedance low-pass filter under test, (7.35%4.11mm with 2
transitions, 1.357x0.8mm without transition).

Measured S-parameters of the PGL filter with CPW-PGL
transitions are compared to the filter with CPW-PGL
transitions simulation results in Fig. 6.b, showing a good
agreement, with 3.6 dB insertion loss at 60 GHz for both

simulation and measurement.
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Fig. 5. Simulation using HFSS, a. Distributed element filter,
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Fig. 6. Measurements, a. Fabricated structure under test, b. Comparaison
between experimental (M) and simulation (Sim) results

V. CONCLUSION

In this paper, a fifth order stepped impedance low-pass
filter with coplanar-PGL transitions have been designed using
an casy technology of Planar Goubau Line. The filter offers
insertion loss of 3.6 dB at 60 GHz with return loss less than
15 dB up to 62 GHz. These performances show the efficiency
of the PGL technology to design filters at 60 GHz. The de-
embedding technique would be applied to extract parameters
of the filter without transition to compare it with the electrical



and electromagnetic simulated results. In the same manner, the
parameters of the transition could be obtained.
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