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A Taper Filtering Finline at Millimeter Wavelengths
for Broadband Harmonic Multiplication

T. Decoopman, X. Mélique, O. Vanbésien, and D. Lippens

Abstract—The design of ataper filtering finlineaimed at simul-
taneously mode matching and frequency selecting multifrequency
signal is presented. Based on the superimposition of a smoothly
corrugated taper and a sinusoidal-shaped filter, a low insertion
loss (L < 0.1 dB) at W band [75:110] GHz and a high rejected
stop band in the third harmonic range (R band [225:330] GHz)
are demonstrated. Both sections are numerically optimized using
chain matrix techniquesand assessed by meansof full three-dimen-
sional electromagnetic simulations.

Index Terms—Filters, finline, harmonic multiplication, mil-
limeter waves, tapers.

|. INTRODUCTION

HE development of solid-state non linear electronics at

millimeter and submillimeter wavel engthsfacesnumerous
challenges to fulfill operators’ requirements in terms of deliv-
ered powers, conversion efficiencies and bandwidths [1]. At
these frequencies, limitations arise not only from the device per-
formances but also from the electromagnetic environment, fil-
tering sections and/or impedance and mode matching networks.
In this field, harmonic multiplication shows promises to reach
the Terahertz gap with the recent devel opment of heterostructure
barrier varactors (HBVSs) [2], [3]. Few attempts have been done
to devel op wideband applications, using nonlinear transmission
lines[4]. Using discrete devices, the most popular approachisto
use waveguide technology at input/ouput, the Archer multiplier
block being the basic element of these applications[5], with mi-
crostrip type planar circuit for embedding the non linear device
and to filter the various harmonics. Excluding limitations dueto
the device impedance matching, such atopology exhibitsalim-
ited bandwidth. In this paper we have chosen a second route,
namely the finline approach [6], with in mind the compactness
of the circuit and an expected bandwidth higher than 30% at W
band ininput. Only thefirst part of the multiplier designis pre-
sented here, i.e,, filtering taper. Impedance matching considera-
tionsare beyond the scope of thisletter. In Section |1, the method
used to optimize the taper design will be developed whereas
Section |11 will present the results obtained using full-three di-
mensional electromagnetic simulation. Section IV will contain
concluding remarks.
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Il. OPTIMIZATION METHOD

The goa of the method is to develop ataper in finline tech-
nology with the following requirements. The input frequency
rangeis between [75:110] GHz (W band) generated inaWR-10
classical waveguide. A finline is designed within this guide to
feed adiscrete device embedded in aquasi-WR-3 waveguidefor
the third harmonic ([225:330] GHz range). Compared to a con-
ventional WR-3 waveguide, the height hasto beincreased (from
0.432 mm to 0.55 mm) in order to lower the finline cut-off fre-
guency below 75 GHz. Moreover, the finline has to filter this
harmonic to avoid spurious propagation in the incident wave-
guide.

To this aim, we develop a four stage approach illustrated in
Fig. 1, combining full-three dimensional el ectromagnetic simu-
lation and a home-made finline optimizer to accelerate the de-
sign convergence. First, scattering matrixes for finline with var-
ious gap sizes are computed using Ansoft HFSS for the fre-
guency bands of interest and stored in a database (Fig. 1(a)).
By this means, characteristic impedances (Z.) as well as prop-
agation constants () are known for each gap value. Second,
by the use of this database, a taper section is designed to opti-
mize the power transfer from the WR-10 waveguide to the fin-
line [Fig. 1(b)]. Third, filtering of the third harmonic band is
adressed by the superposition of asinusoidal shape to the previ-
ously optimized taper which period is one half wavelength cal-
culated at the middle of the band (270 GHz) [Fig. 1(c)]. The
aim is to create strong impedance variations—thus strong re-
flection coefficient variations—which are summed up in phase
for the third harmonic band. Moreover, it was shown in a strip
technology that such smooth filters allows wide band operation
[7]. Thefirst two stages make use of a home-made code based
on the method proposed in ref [8] but with two improvements:
i) arepresentation in terms of chain matrixes and ii) the pos-
sibility to converge toward multiple objectives in separate fre-
guency bands. In short, when targeted values for the reflection
coefficient (p) are defined for all frequencies of interest, the cal-
culation uses avectorial representation of p to locally modulate
the taper shape. A frequency sweep is performed to find the fre-
guency where the magnitude difference between the target and
the current value of p is maximum. At this frequency, the taper
geometry at each mesh point is corrected using a convergence
criterion involving the phase difference between the target and
the local phase value of p. Since it can be shown that at first
order, p isrelated to the variation of Z., and thus to afinline
gap value, the new gap can be deduced. Using the new shape,
a frequency sweep is performed and the procedure is repeated
until convergence is obtained.
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Fig. 1. Illustration of the four optimization stages used for the call design in
finline technology.

The fourth step is achieved by full wave multimoda simu-
lations. In fact, our home-made model assumes a monomode
regime and higher modes have to be eliminated. Indeed, the
WR-10 is multimode above 225 GHz and the third harmonic
could propagate on higher modes. To avoid such mode conver-
sion, at least two solutions can be proposed: i) localized inser-
tion of periodically arranged thin metallic wires to avoid the
propagation of undesired modes and ii) progressive increase of
the guide side dimensions from the quasi-WR-3 to the WR-10
waveguide. As shown in Fig. 1(d), the second solution was pre-
ferred, and particular attention was paid to shift the higher order
mode cut-off frequencies above 330 GHz.

[11. NUMERICAL RESULTS

Thefirst goa of the block design is to optimize the transfer
of energy from aWR-10 waveguide to the unilateral finline, in-
serted in the quasi-WR-3 waveguide. Fig. 2 showsthe scattering
parameters obtained using the home-made code between 75 and
110 GHz (in dotted lines). Also shownin full linesHFSS results
which will be discussed later. High performances are obtained
with areflection coefficient (S11) remaining lower than —30 dB
on the whole frequency band whereas as insertion losses (S21)
are close to unity (|S21| < 0.02 dB). Asiillustrated in Fig. 3,
calculated using HFSS, the tapered finline remains in a pass-
band at much higher frequencies even if S»; (> —0.5dB) and
S11(~ —20 dB) parameters are sligthtly degraded.

The second objective is now to filter the third harmonic band
using the same finline without highly degrading the previous
performancesin W band. Usually, low-pass filters in unilateral
finline technology are designed using notches periodically
spaced along a constant gap section [9]. This could be done
within the quasi-WR-3 waveguide behind the taper. Here, to
optimize the circuit compactness, we have chosen to superpose
filter and taper. Also, rather than notches which lead to a
pronounced resonant behavior, detrimental from the wideband
viewpoint, a smoother approach based on a sinusoidal form of
the gap has been preferred.
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Fig. 2. Scattering parameters of the taper finline transition using the

home-made code (dotted lines) and of the taper filtering section with HFSS
(full lines) in W band.
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Fig. 3. Scattering parameters of the tapered finline between 225 and 330 GHz.

Fig. 4 illustrates the scattering parameters obtained between
210 and 330 GHz for the sinusoidal tapered filter. The targeted
transmission maximum level has been fixed to —25 dB for the
TE;0 mode and asiillustrated the associated S;; parameter re-
mains higher than —0.05 dB for the same range. Fig. 5 shows
the mapping of the electric field magnitude for two relevant fre-
guencies. Asillustrated in Fig. 5(b), filtering occurs over three
periodsof the sinusoidal shape with an accumulation of the elec-
tric field along its sides. This corresponds to the region where
impedance variations are maximum. The impact at lower fre-
guencies, as shown in Fig. 2 in full lines, is a slight degrada-
tion of the transfer efficiency with amean level of S1; reaching
—20 dB rather than —30 dB for the taper alone. As shown in
Fig. 5(a) for f = 90 GHz, electromagnetic energy is well di-
rected from the waveguide to the end of the transition, electric
field accumulating at the extrema following preferentialy the
tapering shape.

Fig. 4 gives aso the insertion losses obtained for the higher
order modes, respectively TE;, and TE3o using the full wave
anaysis. Both remain lower than —25 dB between 210 and
330 GHz. To obtain these performances, a careful design of
both heigth and width of the waveguide transition between
the quasi-WR-3 to the WR-10 has been performed, as shown
schematically in Fig. 1(d). First, the quasi-WR-3 width has been
kept constant over 0.6 mm till tapering performances begin
to deteriorate. Then, a linear shape is used to match WR-10
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Fig. 4. 511 and S5, parameters between 210 and 330 GHz for the global
taper-filter finline structure. The higher order modes are plotted for S»; to show
the filtering efficiency.
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Fig.5. Electricfield magnitude plotsat 90 GHz (a) and 270 GHz (b) along the
finline transition.

width. Second, the height profile is fixed by the sinusoidal
extension of the finline gap. The latter is fundamental for the
filter rgjection. Asaconsequence, the WR-10 height (1.27 mm)
is reached after 2.5 mm and then kept constant up to the end of
the transition over the remaining 0.9 mm.

Asafinal remark, let usmention that thetotal length of thede-
signed transition is equal to 3.4 mm which corresponds roughly

to A at the middle of W band. This fulfills the requirement of
compactness needed for such applications, with the associated
benefit of loss reduction of major concern at mm and sub-mm
frequencies.

IV. CONCLUSION

In summary, the design of acompact and broadband filtering
taper in finline technology is presented. The structure combines
mode matching (insertion losses lower than 0.1 dB) and smooth
filtering (rejection higher than 25 dB) operating simultaneously
in W and R bands, corresponding to the third harmonic band.
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