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Abstract—F-band substrate-integrated waveguides (SIWs)
are designed, fabricated, and characterized on a SiC wafer,
along with SIW-based filters, impedance standards, and
transitions to grounded coplanar waveguides (GCPWs). The
GCPW-SIW transitions not only facilitate wafer probing, but
also double as resonators to form a 3-pole band-pass filter
together with an SIW resonator. The resulted filter exhibits a
1.5-dB insertion loss at 115 GHz with a 34-dB return loss and a
19-GHz (16%) 3-dB bandwidth. The size of the filter is only 63%
of previous filters comprising three SIW resonators. These
results show the feasibility for monolithic integration of high-
quality filters with high-efficiency antennas and amplifiers in a
single-chip RF frontend above 110 GHz, which is particularly
advantageous for 6G wireless communications and next-
generation automobile radars.
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I. INTRODUCTION

Similar to rectangular air-cavity waveguides, substrate-
integrated waveguides (SIWs) have low loss, high power
capacity, and minimum crosstalk, but are small, light, low-
cost, and mass-producible [1], [2]. This is especially true for
SIWs based on Si, GaAs and SiC that are commonly used in
semiconductor processes. These SIWs are sufficiently small
above 110 GHz, so that they can be monolithically integrated
with other passive and active components to form a single-
chip RF frontend [3], which is particularly advantageous for
6G wireless communications [4] and next-generation
automobile radars [5].

SiC SIWs are attractive because high-power and high-
efficiency GaN amplifiers are usually fabricated on SiC. SiC
is high in dielectric constant, electrical resistivity, breakdown
strength, mechanical toughness, and thermal conductivity, but
low in loss tangent and thermal expansion coefficient [3].
Previously, for proof of principle, we used the custom process
at Cornell University to design and fabricate a 3-pole filter
comprising three SIW resonators, which exhibited a 1-dB
insertion loss and a 25-dB return loss at 135 GHz [3]. In this
paper, for monolithic integration feasibility, we used the
foundry process for 100-nm GaN-on-SiC HEMT MMICs
(GaN10) at Fraunhofer IAF [6] to design and fabricate another
3-pole filter comprising a SIW resonator and two SIW-GCPW
transitions. The resulted filter has comparable performance
but significantly smaller size as described in the following.

II. DESIGN AND FABRICATION

The design of the present SiC SIW filter is aided by
analytical modeling [7] and HFSS simulation. The filter is
fabricated in a high-purity semi-insulating 4H c-axis SiC
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100-mm wafer with a thickness of 75 + 10 um and a loss
tangent as low as 3.7 x 107. Consequently, the loss of the SIW
is dominated by conductor loss instead of dielectric loss [8].
The fundamental 7Fo mode propagating in the SIW is bound
by a 3.5-um-thick Au layer on the top and a 3-um-thick Au
layer on the bottom, as well as a row of through-substrate vias
(TSVs) on each side. As shown in Fig. 1, the two rows of
TSVs are separated by 520 pum center-to-center to cut off
propagation below 100 GHz. The TSVs in each row have a
30-um square cross section and are spaced 80-um apart
center-to-center. The TSVs are coated with 3-um-thick Au.
Typically, each TSV has a resistance < 0.1 Q and an
inductance of 24 pH.

To facilitate wafer probing, the SIW is transitioned [9],
[10] to a grounded coplanar waveguide (GCPW) [11] at both
the input and output. Each transition is 523-pm long, including
a 33-um GCPW section and a 490-um tapered section. In the
GCPW section, the center electrode is 20-um wide with a
15-um gap from the ground electrodes. In the tapered section,
the center electrode is linearly widened to 120 pm while the
gap is linearly widened to 120 pm. For the transition to double
as a resonator, irises are formed by adding a 25-fF metal-
insulator-metal (MIM) capacitor at the GCPW side and a
rectangular gap at the SIW side. The MIM capacitor is 5-pm
long and 20-pm wide with a silicon nitride insulator 0.3-um
thick. The rectangular gap is 80-um long and 300-um wide.
To form a 3-pole filter, two transitions are used to sandwich a
380-um-long SIW resonator in between, resulting in a total
length of 1426 pm. If three SIW resonators and two transitions
are used as in the previous design [3], the total length will be
2256 um. Therefore, the present design is 37% smaller.

III. RESULTS AND DISCUSSION

The fabricated SIW filter is probed from 10 MHz to 160
GHz using an Anritsu VectorStar ME7838G vector network
analyzer (VNA) and two MPI TITAN 220-GHz coaxial
probes with a 75-pm pitch. The input power of the VNA is
fixed at —20 dBm. Using an MPI TCS-050-100-W impedance
standard substrate and the line-reflect-reflect-match (LRRM)
calibration method [12], the measured reflection and
transmission coefficients, S1; and S»), are rotated from the
VNA to the probe tips.

Fig. 2 shows that measured S and S>; on five SIW filters
agree with each other as well as the HFSS simulation. The
average insertion loss and return loss are 1.53 dB and 21.7 dB,
respectively, at the center frequency of 115 GHz. The 3-dB
bandwidth is 18.7 GHz or 16%. Across the pass band, the
insertion loss is flat within +£0.05 dB and the return loss is >
18 dB. The out-of-band rejection is higher than 30 dB and 20
dB below and above the pass band. Table I compares the
performance characteristics of the present filter with that of
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Fig. 1. (a) Layout (top) and chip micrograph (bottom) of a 3-pole F-band filter. (b) Detailed layout of an MIM capacitor. (c) A-A' cross-section of the MIM

capacitor (not to scale).

Fig. 2. Measured vs. simulated reflection and transmission coefficients. The
measurement is performed on five 3-pole SiC SIW filters represented by
curves of different colors. The simulation is performed by using a dielectric
constant of 10.4.

the literature. Although it is difficult to compare filters of
different bandwidths, it can be seen that the present filter is on
par with the state of the art. It trades off a higher insertion loss
for a wider bandwidth. In the future, the transition/resonator
and its irises can be further optimized for a lower insertion
loss. The out-of-band rejection can be improved by adding a
transmission zero above the pass band.

The simulation uses a dielectric constant of 10.4 for SiC,
which is very close to our experimentally extracted value of
10.3 [8]. Both are significantly higher than the commonly used
value 0f 9.7 [16], which is actually for cubic SiC. In hexagonal
SiC such as 6H SiC, [17] reports 9.66 for the ordinary
permittivity and 10.03 for the extraordinary permittivity, both
extrapolated from optical frequencies. The TEip mode in an
SIW made of c-axis SiC is governed by the extraordinary
permittivity only [8] and directly measures the extraordinary
permittivity of 4H SiC at millimeter-wave frequencies.

TABLE
>110 GHZ FILERS BASED ON SUBSTRATE-INTEGRATED WAVEGUIDES
Insert. Return .
Year Sst;l:; (Ig;[qz.) Loss  Loss ?V?SS}; (ilélez) Ref.
(dB) (dB)
2020  Si 279 9 20 1% 1.4x0.2 [13]
. 140, 3.9, 17, o
2020 Si 280 95 1 10% 2.3x0.6 [14]
2017 SiC 183 ~1 18 5% 0.9x0.6 [15]
2021 SiC 135 1.0 25 11% 2.3x0.6 [3]
2023 SiC  195.6 5.6 21.8  1.5% 1.2x1.2 [16]
. This
0,
2023 SiC 115 1.5 18 16% 1.4x0.6 Work

IV. CONCLUSION

A compact F-band 3-pole filter is designed and fabricated
by using a GaN-on-SiC HEMT MMIC foundry process to
facilitate monolithic integration with other passive and active
devices. The filter exhibits state-of-the-art performance but is
significantly smaller. This shows the feasibility for monolithic
integration of high-quality filters with high-efficiency
antennas and amplifiers in a single-chip RF frontend above
110 GHz, which is particularly advantageous for 6G wireless
communications and next-generation automobile radars.
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