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A Waveguide-to-Microstrip Transition with a
DC/IF Return Path and an Offset Probe
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Abstract—This paper describes a type of waveguide-to-microstrip
transition incorporated with a “built-in” DC/IF return and an offset
probe which is proposed for the applications of submillimeter-wave
superconducter—insulator—superconductor (SIS) mixers. The effects of the
DCI/IF return and the probe location and orientation are understood by
simulating a 100-GHz transition using the finite element method (FEM).
The simulation results are compared to the experimental results of a
Ka-band scale model for the simulated transition. The performance of a
100-GHz SIS mixer employing such a transition is finally presented.

Index Terms—Probe, SIS mixer, waveguide transition.

Fig. 4. Field distributions of the two Tfs modes for a double DR in a
MIC environment. Normalized contour lines for field, and flux lines for

fields H, and H.. Conventional waveguide superconducter—insulator—superconductor
(SIS) mixers, which employ one or two mechanical tuners to adjust
a],lge mixer's RF impedance to suit the SIS junction (or array of
junctions), are inappropriate to complex systems such as a focal-
plane receiver array or an interferometer array and are not desirable
for single receivers due to the inconvenience of operating. It is,
therefore, important to develop tuneless SIS mixers. To yield a
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band tuning cavity for high performance filters,”fmoc. 17th European
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|I. INTRODUCTION

MIC’s are also shown probably for the first time. These results
helpful in the design of DR oscillators and filters.
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TABLE |
DIMENSIONAL PARAMETERS (UNITS ARE IN MM) OF THE
100-GHz WAVEGUIDE-TO-MICROSTRIP TRANSITION

waveguide 2.54x0.635
WG aperture 0.7x0.7
substrate 0.6x 0.3
probe 0.5 x 0.385 + taper x 0.25
75-ohm MS W0 =0.235
W1=0.06,L1=0.375
DC/IF return W2 =0.50, L2 =0.340
W3 =0.06,1L.3=0.375
probe offset* 03
backshort length* 0.625 (Para. Probe )
0.550 (Perp. Probe )
* optimized unit: mm

Fig. 1. Cross-sectional views of the proposed waveguide-to-microstrip tran- ) )
sition, with the substrate structure (left) and two different substrate configuidistribution in the waveguide so as to ensure the design accuracy.

tions, parallel (upper right) and perpendicular (lower right) to the waveguidg contrast, SIS mixers prefer a large substrate chip for handling and

E-plane.

input waveguide (of a characteristic impedance around 8p@nd
the SIS junction (of a typical input impedance less than ©)0s

mounting, especially at submillimeter wavelengths. Thus, the aperture
should be taken as large as possible, so long as it is capable of
suppressing all the waveguide modes there. In this paper, the authors
took an example of this type of transition at 100 GHz. Assuming a
0.6-mm wide and 0.3-mm thick quartz substrate € 3.8) for this

essential. A very reduced-height waveguide is quite effective but mag0-GHz transition, the authors chose an aperture measuring 0.7 mm
become too small-sized to be fabricated in the short millimeter- asd0.7 mm. The corresponding cutoff frequency of waveguide modes
submillimeter-wave regimes. A waveguide-to-microstrip transitioy around 177 GHz, which is far beyond the operation frequencies
might be a good alternative, while one intends to place the S the 100-GHz transition.

junction on a microstrip line other than in the waveguide. It is well Although the input impedance seen at the microstrip port is
known, however, that traditional waveguide-to-microstrip transitionfenerally independent upon the probe width, a narrow probe might
[1] lack a DC/IF return which cannot be excluded in mixers. Althouglimit the transition’s matching bandwidth and result in an excessive
one may realize this return path just by simply connecting a quartgfductance loss [1]. Thus, a 0.5-mm wide probe connecting to the
wavelength high-impedance line from the microstrip line to thghain microstrip via a short section of taper was adopted. The DC/IF
ground [2], it is inconvenient to make such an arrangement apgturn, i.e., the circuit connected at the end of the probe, consists of
difficult to control its length especially at submillimeter wavelengthswo sections of high-impedance line (1289 and one section of

Thus, in this paper, the authors propose a type of waveguide-few-impedance line (44.8)) whose lengths are initially determined
microstrip transition including a “built-in” DC/IF return.

Il. SIMULATION AND DESIGN

A. Structure

so that a perfect open circuit can be seen at the end of the probe at
100 GHz. All the dimensional parameters of the 100-GHz transition

are summarized in Table |.

B. Simulation

As is illustrated in Fig. 1, the proposed waveguide-to-microstrip The finite element method (FEM) should be effective in simulating
transition (with two different substrate orientations) is made up ofiis waveguide-to-microstrip transition as far as its structure is
an input waveguide, a tuning waveguide backshort, a microstrip lieencerned. If the DC/IF return and the probe location are fixed there
in a metallic enclosure, a strip probe, and a DC/IF return. Linkingould be only one free parameter, namely the backshort position,
the main microstrip and the DC/IF return, the strip probe is as lomgmaining to be determined. Nonetheless, it still must be very time
as the waveguide height. Because a long probe is not useful éamsuming to utilize a FEM simulator like a high-frequency structure
broadband transitions [3], the authors considered only the case dfimulator (HFSS) [4] to simulate this transition in a “zigzag” manner.
half-reduced height waveguide. Such a waveguide indeed make3hus, in this paper the authors adopted a simulation scheme as
easier to match the microstrip line because of a smaller waveguig®posed in [3], that is firstly to employ HFSS to evaluate the
impedance (around 234 at 100 GHz), and may be connected eithef-parameters of a three-port structure (i.e., the transition with its
to a standard waveguide through a tapered waveguide transitionbackshort removed) and then to use thésparameters to compute
directly to a specially designed feed horn. The impedance seen at i reflection coefficient at the microstrip port for the instance of the
microstrip port was assumed to be ¥5 namely the characteristic two waveguide ports terminated by a matching load and a length-
impedance of the microstrip line.

For this type of transition, a small aperture in the broad wall of th@etermined so that the calculated reflection coefficients are minimized
waveguide is certainly useful in minimizing its effect upon the fieléh the frequency range of interest.

varying backshort, respectively. The optimum backshort position is
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Fig. 2. Simulated return loss at the microstrip port of the 100-GHz wavéig. 3. Simulated return loss at the microstrip port of the 100-GHz wave-
guide-to-microstrip transition with af-plane-parallel substrate orientation,guide-to-microstrip transition with afv-plane-perpendicular substrate orien-
plotted as functions of frequency and the probe offset. The optimizédtion, plotted as functions of frequency and the probe offset. The optimum
backshort lengths corresponding to different probe offsets are 0-403.%), backshort lengths are the same, about 0.55 mm from the substrate surface,
0.55 (0.0), 0.575 (0.15), 0.625 (0.3), 0.675 (0.45), and 0.725 (0.6) miior all different probe offsets.

respectively.

before, this configuration has a symmetrical structure so that it is
Firstly, the authors investigated this 100-GHz transition for suchrﬂgcessary to study only the case of the strip probe shifted toward one
configuration that the strip probe is located in the central waveguigifection. The 100-GHz transition with this configuration has also
E-plane as common treatments (i.e., offsey = 0, see Fig. 1). been simulated for different probe offsets. Note that the DC/IF return
Prior to finding out its optimum backshort position, the effect ofyas kept the same as in the previous configuration. Similarly, the
the DC/IF return was examined. The authors have simulated thignsition bandwidth was improved by offsetting the probe, as can be
transition for several instances in relation to different lengths) ( seen from Fig. 3. The optimum probe offsky was found to be also
of the first section of the DC/IF return. Notice that the other twaround 0.3 mm, but the optimum backshort position (0.55 mm from
sections of the DC/IF return were fixed at 0.34 and 0.375 mrthe surface of the substrate) was hardly influenced with the variation
respectively, providing a perfect short circuit at the end of the firgf the probe location.
section at 100 GHz. It has been found that the instancé of=
0.375 mm presents the most satisfactory frequency characteristic
for the transition. However, the input reflection coefficient of the ll. EXPERIMENT
DC/IF return at 100 GHz, calculated for the caselaf = 0.375
mm, was not a perfect open circuit as expected, instead of 1/4@. K «-Band Waveguide-to-Stripline Transition
This discrepancy is probably due to the effect of the discontinuity 1t js appropriate to verify the simulation accuracy and reliability by
between the probe and the DC/IF return. Furthermore, the matchigmparing the simulated and experimental resultdi éband scale
bandwidth of the transition was found still quite limited even with ayodel for the 100-GHz waveguide-to-microstrip transition, which is
optimized backshort position (see Fig. 2). Besides the two relativel¢sociated with atE-plane-paralleled and 0.3-mm offset probe, has
large apertures, the long strip probe (possibly of a large inductang¢gjen fabricated. The scaling factor was taken as fourteen so that the
was thought of as the main cause of a limited bandwidth. Agaled waveguide was measuring 7.11 mml.78 mm. Both the
the probe length was already fixed, the authors sought to impra¥gths of the first section of the DC/IF return and of the backshort
the transition’s matching bandwidth by offsetting the strip probgere scaled in accordance with their optimum values of 0.375 and
a distance 4y) from the centralE-plane, which might similarly 0.625 mm, respectively. For the sake of convenience of performing
alter the effective inductance of the probe. This transition has beggperiments, two scaled transitions were connected back-to-back with
simulated for a number of cases related to different probe offsetsalgeparation of 11-mm long microstrip line built on a 0.84-mm thick
should be pointed out that the aperture location was changed to sjirtz substrate, as displayed in Fig. 4. Two waveguide tapers (full-
the probe shift and that the DC/IF return was fixedZat= 0.375 to half-height) were also included in this test device to meet the
mm and the backshort position was optimized for each case. Ti@asurement system. Using an HP8757 scalar network analyzer,
simulation results are plotted in Fig. 2. Clearly, there is a probe offsgle authors have measured the performance of the test device. As
(i.e., Ay = 0.3 or 0.45 mm) of which the transition has the largesidemonstrated in Fig. 5, the return loss is apparently less-+i&ndB
bandwidth. Additionally the larger the probe offset, the longer thia the frequency range of 31-42 GHz (of a 30% relative bandwidth),
backshort position is. and the insertion loss is only about 0.5 dB including losses arising
It is also of particular interest to investigate another configuratidrom the microstrip line, input and output waveguides, and two
of the transition, i.e., having the strip probe perpendicular toEhe waveguide taper transitions. The insertion loss of a single transition
plane (see Fig. 1), as such a configuration can ease the fabricatioisofpproximately 0.1 dB, if taking into account the losses due to
tuneless waveguide mixer mounts. Unlike the one investigated jtlsé two waveguide taper transitions (0.15 dB, measured) and the
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Noise Temperature (DSB, K)

Fig. 4. Photograph of aKa-band test device made up of two scalet{zlg'
transitions connected back-to-back and separated by an 11-mm long microstrip
line. Note that two waveguide taper (from full- to half-height) transitions are
also included.
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6. Overall receiver noise performance for the 100-GHz SIS mixer

ncorporating a waveguide-to-microstrip transition.

at this frequency band are also shown in Fig. 6. Clearly, the authors’
results are comparable or superior.

IV. CONCLUSION

A type of waveguide-to-microstrip transition featuring an offset
probe and a “built-in” DC/IF return has been extensively investigated.
It has been found that the DC/IF return should provide an open
circuit at the probe’s end to minimize its effect upon the transition
bandwidth and that the bandwidth can be improved considerably by
offsetting the probe to a certain position (for two different substrate
orientations). Both the simulation and scaling experimental results
have demonstrated that this type of transition has a very low insertion
loss 0.1 dB) over a 30% relative bandwidth. Excellent performance
by a 100-GHz SIS mixer proves that this type of transition is rather
broadband. It should find its use in millimeter- and submillimeter-
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Fig. 5. Measured insertion and return losses of Ahe-band test device, as
a function of frequency.

wave components.
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microstrip line (0.15 dB, calculated) and assuming a symmetrical
structure.

B. 100-GHz SIS Mixer [1]

A 100-GHz tuneless SIS mixer employing such a waveguide-to-
microstrip transition has been developed [5]. The input impedance ¢f)
the SIS junction is around 1Q, which is matched to a half-reduced-
height waveguide through the waveguide-to-microstrip transition and
two sections of quarter-wavelength impedance transformer integrat
in the junction chip. The noise performance of this SIS mixer is
exhibited in Fig. 6. Apparently, the double sideband (DSB) noise
temperature of the overall receiver system, which is composed of [4]
vacuum window at room temperature, an IR filter at 77 K, the 100-
GHz SIS mixer at 4-K level, and ah-band FET amplifier at about
20 K, is less than 40 K over the frequency range of 80-120 GHz.
The best published results for tunable waveguide SIS mixers [6], [7]
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v PP . For the most general case of waveguides filled with lossy inhomo-

geneous and anisotropic materials, the problem is governed by the
following vector wave equations:
V x (i, 'V x E) — kié,
V x (&Y x H) = k2ji,

E=0
H =0, ki = w2€0/m 1)

Analysis of General Lossy Inhomogeneous and

Anisotropic Waveguides by the Finite-Element whereé, and i, are the relative electric permittivity and magnetic
Method (FEM) Using Edge Elements permeability tensors, respectively,
i o p ~ Exx Exy Erz
Luis Nufo, Juan V. Balbastre, éttor Castiaé 2= o 24y 2o
Ezx E:y Exy
Abstract—Several finite element formulations based on edge elements R Haz  Hay  Haz
have been developed in recent years, avoiding the appearance of spurious fr = |lyz  Myy  Hyz |- 2
modes in waveguides. However, no formulation of this kind dealing few  floy  fhes

with general lossy inhomogeneous and anisotropic waveguides has been

found in the literature. In this paper, a new finite element scheme for ~ The boundary conditions for electric or magnetic walls are, re-
the most general linear waveguides has been derived from vector wave spectively,

equations via a Galerkin procedure. In this formulation, triangular and

guadrilateral edge elements have been used in order to avoid the spurious h X E|C =0

solutions. Furthermore, the final eigensystem involves only very sparse

matrices, thus allowing important savings in time and memory.

Index Terms—Anisotropic waveguides, edge elements, finite-element i x Hle =0. @)

method.
Assuming an exponential dependence of the fields with zthe

coordinate
. INTRODUCTION

- . . E :E’D(L/':'/ y)ef“/"’«
The finite-element method (FEM) has been widely used in elec- T e _ y
tromagnetics for the last two decades. Nevertheless, the earlier finite H = Ho(x, y)e ", v=atis “)
element analyses had the drawback of the appearance of spurigHa defining the differential operators
modes, leading to a considerable effort to avoid such nonphysical

solutions [1}-[6]. p=2i1 25 s

More recently, two conditions have been found as requirements to Jx Jy
avoid spurious solutions [7]: compatibility to guarantee the continuity D= K2 it 9 PRI )
of the tangential components of the fields and unisolvence to correctly ox dy ~ }

model the curl operator null-space. . .
- . . leads to very elegant and compact expressions after applying the
In the last years, several finite element formulations using vector . . -
glerkln procedure to the waveguide secti®n

interpolation have been developed [8]-[12]. Those vectorial elemen
satisfy both compatibility and unisolvence conditions so they do not [y 7y, amt =
present spurious modes. However, in the formulations of this kind S(D x Fo) - (i D x Eo)dS

found in the literature only lossless diagonal anisotropic waveguides D T B
have been considered. In this paper, the authors present a new edge — ko /L Fo-(&-Eo)dS =0 (6a)
element formulation valid for the most general lossy inhomogeneous e - .
and anisotropic linear waveguides. // (D x Go)-(¢,°D x Ho)dS
. . . . . S
First, a weak formulation of vector wave equations is obtained. T .
This integral equation is valid for general anisotropic waveguides — kg // Go - (firHp)dS =0 (6b)
S

bounded by perfect electric or magnetic walls. Then, this integral

equation is discretized following the FEM, obtaining a very sparsgith £, and G being the test functions, which satisfy the same
eigensystem where the eigenvalue is the propagation constant, attBHlIndary conditions a&, and Ho, respectively.
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