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Abstract — Self radiating oscillators in the millime-
ter wave range can be built by combining a slot res-
onator with an impatt diode. Good performance can
be achieved only, if the input impedance of the slot,
seen at the terminals of the impatt diode, is in a proper
range. In this paper the input impedance, obtained
by a rigorous full wave analysis, is presented in depen-
dence of the design parameters slot width and sub-
strate height for silicon and PTFE. It will be shown
that the required input resistance (typically 2 ...5 )
can be achieved by choosing narrow slots, The com-
parison with a recently published self radiating oscil-
lator shows the validation of the simulation.

I. INTRODUCTION

Today, there is growing interest in monolithic inte-
grated transmitters and receivers, where the active
devices and the planar antennas are combined on a
single chip [1]. In the last years, it has been shown
that silicon and gallium arsenide are suitable sub-
strates for monolithic integrated circuits as well as
for planar antennas. By the combination of high per-
mittivity and short wavelength, the requirement to
occupy only little areas for the radiating element is
fulfilled. A very interesting type of a radiating oscil-
lator is a slot antenna fed by a negative impedance
amplifier. A radiating oscillator in the X-band using a
FET has been reported in [2]. In the millimeter wave
region an impatt diode can be used [3]. The layout of
the latter one is schematically depicted in Fig. 1. The
slot acts simultanously as resonator and as antenna.
For optimum performance of the radiating oscillator
the radiated power should be as high as possible. This
results in a high load of the impatt diode. That can
be compensated by increasing the bias current, but
due to thermal problems only within a limited range.
Therefore, to find the optimum compromise between
radiated power and loading of the impatt diode, the
precise knowledge of the slot impedance versus vari-
ous design parameter is necessary.

In this paper we present calculations of the slot
impedance versus substrate height d and slot width w.
The results show good agreement with experimental
data of radiating slotline oscillators at 109 GHz [3].
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II. METHOD OF CALCULATION

A rigorous full wave analysis has been used taking
into account radiation losses as well as losses due to
surface waves. We have chosen a spectral domain ap-
proach, which is based on a Green’s function formal-
ism for the magnetic fields. These Green’s functions
are obtained by a transmission line analogy [4] based
on impressed voltage sources as shown in Fig. 2. This

results in
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where H is the magnetic field and M the magnetic
current density in the slot. We use the tilde as a re-
minder that the spectral representation is used. Since
the slot width is far below a wavelength (w < Ag), the
transverse components are neglected. This simplifies
(1) to
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The Green’s function is given by
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Applying the Galerkin’s method with piecewise sinu-
soidal basis functions yields a linear equation system
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where the excitation vector J = 7 x H represents the
impressed currents. B; are the basis functions and
A; the corresponding weighting coefficients. In or-
der to minimize the numerical effort we implemented
the recently reported method of integrating along the
axes of the Cartesian instead of the polar coordinate
system [5]. Furthermore a path of integration in the
complex plane was chosen to circumvent the tedious
task of extracting surface wave poles in the case of
lossless structures. These poles result from the zeros
of (7). The impatt diode was modelled by an im-
pressed line current located at the center of the slot.
Thus, the excitation vector contains one non zero el-

ement . T
J:[O,-~~,O,1,0,~~-,O] (9)

Since the excitation current is normalized to unity,
the input impedance Z; is given by the coefficient of
the center basis function.

III. REsuLTs

For two different substrate materials (silicon: ¢, =
11.6, PTFE: ¢, = 2.55) the input impedance versus
various parameters has been calculated. Fig. 3 de-
picts the input impedance Z; versus L/Ag, where Ag
represents the free space wavelength and L the length
of the slot. The slot width was w = L/14 and the
substrate thickness was d = L/11.2. As can be seen
the half-wave and full-wave resonance represents a
parallel-type and series-type resonance, respectively.
Since the input resistance at the parallel-type reso-
nance is very high, a full-wave slot has to be used for
impatt diode oscillators. The resistance of the res-
onator seen by the impatt diode terminals should be
typically in the range of 2...5€Q.

In the next two figures the behaviour of the input
resistance at the series-type resonance is shown ver-
sus the substrate height d/Ag (Fig. 4) and the slot
width w/Aq (Fig. 5), respectively. A minimum of the
resistance is obtained for d/Ap = 0.037 for silicon and
d/Xg = 0.07 for PTFE. That means, there exists an
optimum substrate thickness where the quality fac-
tor of the resonator becomes maximum. Since there
is only a small variation of the resistance around the
minimum, the accuracy of the substrate thickness is
not very critical. This is important for reproducible
design of slot antennas.

As can be seen in Fig. 5, decreasing the width of the
slot yields an almost linear decrease of the resonance
resistance. Thus, a desired resonance resistance can
easily be adjusted by choosing the proper slot width.
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To validate our results we have calculated the res-
onance resistance of the slotline of the impatt oscil-
lator published in [3]. For the frequency, where the
reactance of the diode is matched, an input resistance
of 6.1 was obtained. For the given bias current of
300mA the resistance of the impatt diode is some-
what below —6Q. Thus, the oscillation starts only
for bias currents larger 300 mA as reported in [3].

IV. CoNcLUSION

The characteristics of a slot antenna on a substrate
with finite thickness has been calculated using a full
wave analysis. The feasibilty of CW operation of a
radiating oscillator consisting of slot antenna and im-
patt diode has been shown. The variation of the slot
width allows an optimal matching of the resonator to
the diode for any desired bias current.

Planar slot antennas are very promising devices
for millimeter wave applications, because they pro-
vide larger bandwidth than microstrip patches and
dipoles. The presented results give necessary design
parameters for planar slot antennas.
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Fig. 1. Schematic structure of radiating oscillator.
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Fig. 2. Equivalent transmission line for the slot antenna structure

input impedance vs. norm. slot length (¢ ,=2.55)
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Fig. 3a. Slot impedance Z; = R; + jX; for PTFE (w = L/14, d = L/11.2).
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input impedance vs. norm. slot length (g, =11.6)
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Fig. 3b. Slot impedance Z, = R, + 3 X, for silicon (w = L/14, d = L/11.2).

resonance resistance vs. layer thickness
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Fig. 4. Resonance resistance R, for PTFE and silicon (w = L/14).
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Fig. 5. Resonance resistance R, for PTFE and silicon (d = L/11.2).
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