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W -Band Low-Insertion-Loss E -Plane Filter

R. VAHLDIECK, J. BORNEMANN, F. ARNDT,
SENIOR MEMBER, IEEE, AND D. GRAUERHOLZ

Abstract —Computer-optimized design data for a four-resonator metallic
E-plane filter are given with a midband frequency of about 94 GHz. The
method of field expansion into suitable eigenmodes used considers
the effects of finite insert thickness and higher order mode interaction. The
measured minimum passband insertion loss of a metal filter prototype is
1.5 dB.

I. INTRODUCTION

Increasing interest in the 3-mm region of millimeter waves has
stirred the need for low-cost low-loss W-band filters. Pure metal
inserts [1]-[4] placed in the E-plane of rectangular waveguides
without any substrates (Fig. 1) achieve low-loss designs. More-
over, metal etching techniques 3], [4] can be applied for mass
production. This paper yields computer-optimized design data for
such a W-band filter. The computer-aided design algorithm is
based on field expansion into eigenmodes [3]-{4] which, in con-

trast to the residue-calculus technique [5], includes the finite strip -

thickness considerably influencing passband ripple behavior and
midband frequency, as has already been demonstrated in [3]. The
measured frequency response of the metal insert filter that has
been designed and operated at 94 GHz shows good agreement
with theory.

II. THEORY AND DESIGN

As in [3], [4], the fields for each subregion (») at the corre-
sponding step discontinuities of the filter structure (Fig. 1) are
derived from the x-component of the magnetic Hertzian vector
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Fig. 1. Low-insertion-loss E-plane metal insert filter.

f[h, which is assumed to be a sum of suitable eigenmodes
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A®™ are the still unknown eigenmode coefficients which are

suitably normalized with the factor T,{” [3], [4], so that the power
carried by a given wave is 1 W for a wave-amplitude coefficient
of VIW .

By matching the tangential field components at the step dis-
continuity interfaces, the coefficients A"‘) are determined after
multiplication with the appropriate orthogonal function. This
leads directly to the scattering matrix of each discontinuity. The
overall scattering matrix of the total filter section is calculated
without introducing transmission matrices by directly combining
the single scattering matrices [3], [4], which preserves numerical
accuracy.

As has already been introduced for low-loss fin-line filters [6],
the computer-aided design is carried out by an optimizing pro-
gram applying the evolution strategy method [7], where no differ-
entiation step is necessary, which varies the input parameters
until a desired value of the insertion loss for a given bandwidth is
obtained. An error function F(X) [6] to be minimized is defined
(Fig. 2)
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Fig. 2. Scheme for the computer optimization.

TABLE I
DESIGN DATA FOR THE W-BAND FOUR-RESONATOR METAL INSERT
FILTER
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where N, and N, are the number of frequency sample points f; in
the stopband and passband, respectively, a ., and a,,,,, are the
given minimum stopband and maximum passband attenuation
levels, respectively, and a, =20log(1/|Sy[) is the calculated
insertion-loss. For given waveguide housing dimensions and
thickness of the metallic E-plane inserts, the parameters X to be
optimized are the insert and the resonator lengths. For computer
optimization, the expansion into 15 eigenmodes at each discon-
tinuity has turned out to be sufficient. The final design data are
checked up by 45 eigenmodes.

III. REsuLTS

A four-resonator W-band E-plane filter is chosen for design
example (cf. Table I), where the computer-optimized design data
are given. The tolerances of the photoetched metal insert dimen-
sions in relation to the optimized data lie between —1 and +12
pm, as has been checked up by a measuring microscope. The
material of the 50-pm-thick inserts is 99.9-percent pure copper.
Fig. 3 shows the photograph of the filter structure, together with
the opened waveguide housing. The insert is held in the split
block by alignment pins.

The calculated and measured insertion loss (1/|S5;]) in decibels
is plotted in Fig. 4 as a function of frequency for the four-resona-
tor computer optimized W-band E-plane filter. The calculated
minimum insertion loss is 0.001 dB, the measured minimum value
(see detail Fig. 1(b)) is about 1.5 dB at 93.95 GHz, and the
measured typical mean passband insertion loss is about 1.8 dB.

IV. CONCLUSION

The efficient computer-aided higher order mode design of
E-plane integrated filters, introduced by the authors in 1981 [6],

Photograph of the W-band metal insert filter (photoetched metal
insert together with the opened waveguide housing).
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Fig. 4. Computer optimized four-resonator E-plane W-band metal insert
filter. (a) Calculated and measured insertion-loss as a function of frequency.
(b) Expanded view of measured insertion and return loss.

leads to optimum low-insertion-loss pure metal insertion W-band
filters. A four-resonator optimized prototype fabricated by metal
etching techniques exhibits a measured minimum passband inser-
tion loss of about 1.5 dB at 93.95 GHz. Since the finite metal
thickness is included in the computations, measured characteris-
tics agree excellently with theory.
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S- and X-Band GaAs FET Mixers with Thin-Film
Lumped Elements

HIROSHI OHNISHI aND SADAHIKO YAMASHITA, MEMBER, IEEE

Abstract —The design and performance of 2- and 11-GHz band mixers
with a single-gate GaAs FET are presented in this paper.

A mixer configuration in which the local oscillator (LO) signal is applied
to the source is used. Matching networks are constructed with thin-film
Ilnmped elements fabricated on alumina.

An SSB noise figure of 6.2 dB, with an associated conversion gain of 10
dB, has been achieved at the 11-GHz band, and SSB noise figures of less
than 6 dB and a conversion gain of more than 8 dB over a 40-percent
bandwidth are obtained at the 2-GHz band.

I. INTRODUCTION

The operation and experimental results of GaAs MESFET’s as
microwave mixers have already been reported [1]-[3].

The performance of FET mixers has advantages in terms of
conversion gain over Schottky-diode mixers, which makes the
mixer nearly insensitive to the IF amplifier noise figure.

FET mixers have already been realized with single-gate or
dual-gate FET’s. In the dual-gate mixer configuration, the RF
and local oscillator (LO) signals are applied to the first and
second gate, respectively, offering a high degree of isolation
between RF and LO ports.

Two single-gate FET mixer types have been reported. One type
is a gate mixer in which the local signal is fed to the gate, and
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Fig. 1. FET mixer at the X-band.

another type is a drain mixer in which the local signal is fed to
the drain [3], [5].

In the case of single-gate FET mixers, one problem is the
necessity of introducing both the local and RF input signals into
the gate of the FET [2]. Since a coupler with a high coupling ratio
is used to provide RF and LO signal isolation, the use of a high
LO power level, therefore, is required.

This paper describes and provides performance data on a
mixer circuit in which the RF signal is fed to the gate and the LO
signal to the source.

The means of construction using a thin-film inductor and
capacitor is discussed.

II. DESIGN PRINCIPLE

In order that a simple circuit can be realized, a single-gate FET
mixer configuration has been adopted. The circuit diagram for an
X-band circuit is shown in Fig. 1.

In the circuit, the LO signal of frequency F; and the RF input
signal of frequency Fry are applied to the source and the gate of
the FET, respectively, where mixing takes place in the FET by
means of the nonlinearity of the transconductance and drain
resistance of the FET.

The mixing product is the IF signal of frequency |FL Frel
which is amplified in the FET. The single-gate FET mixer has a
simple structure, and does not require couplers or combiners.

To minimize the noise figure in single-gate X-band mixers, the
RF input frequencies are termindted in a short circuit with a
quarter-wavelength open stub (Z,) at the source of the FET, and
the drain is terminated in a short circuit at the RF input
frequencies and local signal frequencies. To obtain low-noise
performance of the IF amplifier and efficient injection of LO
signal into the FET, the source is terminated in a quarter-wave-
length short stub (Z,) for local frequencies. Comnsequently, the
impedance between the source and the common terminal is
approximately shorted at the IF frequencies and open at the local
frequencies.

Fig. 2 shows a circuit diagram designed for an S-band mixer.
To obtain wide-band low-noise mixer performance, the source of
the FET is terminated in a parallel circuit consisting of a resistor
and a quarter-wavelength short stub in the highest local frequen-
cies. Therefore, the impedance of the source at wide-band local
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