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Fig. 4. Conversion efficiency versus LO power for a GaAs diode.

we are far away from the optimum driving point of our
diode. Tt should be mentioned that with increasing
frequency, the amount of LO power which is shunted by
the barrier capacitance C; = 14 x 10~'® F becomes more
important. Fig. 4 shows a plot of the conversion efficiency
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versus LO power with constant signal power. It can be
clearly seen that the LO power is not sufficient to drive the
diode optimally. Hence the coupling efficiency has to be
improved by a factor of 10, or the LO power has to be
increased ten times.

To extend the heterodyning technique into the submilli-
meter region and to make it a successful tool for astronom-
ical observations, certain improvements seem mnecessary.’
First, the coupling efficiency of submillimeter radiation to
the mixer must be further improved. Secondly, more power-
ful LO generators must be developed. The second problem
will likely be solved soon, since much progress had been
achieved in the field of strong CO,-pumped submillimeter
lasers.
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Design of Printed Resonant Antennas for
Monolithic-Diode Detectors

K. MIZUNO, SENIOR MEMBER, IEEE, Y. DAIKU, anp S. ONO, MEMBER, IEEE

Abstract—Model experiments at 10-GHz band have been performed to
obtain optimum structures of printed resonant antennas for monolithic
GaAs Schottky-diode detectors in the submillimeter-wave region.
Design charts for antenna structures, which are also useful for a thin-
film metal-to-metal diode structure on a dielectric substrate, are presented.

I. INTRODUCTION

ECENTLY, Schottky-barrier diodes have received
R considerable attention as submillimeter detectors
[1], [2], primarily because of their strong nonlinear
behavior, fast response time, and mechanical stability. A
thin metallic wire (cat whisker) is usually used to obtain the
coupling of applied radiation field to the diode structure. It
has been shown [ 3] that the whisker acts as a traveling-wave
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long-wire antenna. The whisker collects the radiation and
applies it to the Schottky contact. The cutoff frequency of
the Schottky diode is determined approximately by the
contact diameter. The diameter below 1.5 um is desirable
for use in the submillimeter-wave range [4]. Reasonable
submillimeter response, however, has been obtained [2]
using a 2.5-um Schottky diode with a high-gain long-wire
antenna. In this configuration, the mechanical stability is
good enough for laboratory use, but not sufficiently
practicable for general use. Moreover, cryogenically
cooling the diode to reduce the noise [5] is difficult with
this configuration. In order to eliminate these undesirable
factors, a planar-type configuration is employed here and
the design of a printed resonant antenna on a dielectric
substrate is described.

The schematic configuration of the detector is shown in
Fig. 1. The directivity patterns of a half-wave dipole
antenna printed on a substrate has the maximum in the
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Fig. 1. Schematic configuration of the monolithic-diode detector.
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Fig. 2. Response of the detector as a function of the antenna length
. in the free space.

direction perpendicular to the substrate surface, which
would be favorable to beam-guide propagation systems of
submillimeter waves. High-gain or two-dimensional infor-
mation could be obtained with an arrangement of an array
of antennas. For heterodyne mixing, two sets of antennas
of different sizes on the substrate would be useful. A
thin-film metal-to-metal diode detector with a similar
structure has been studied [6] in the microwave, 300-um,
and 10-um regions. However, so far the design of the
antenna structure has not been given.

II. DESIGN OF THE ANTENNA
A. Reduction Factor of the Anienna Length

The length of the resonant dipole antenna on a dielectric
substrate should be determined according to the antenna
loading and the substrate dielectric constant. In order to
find the optimum antenna structure, we have performed
model experiments at 10-GHz band. The results are
expected to hold in the submillimeter-wave region by
scaling down the dimensions. )

As a preliminary process, we have determined the
optimum antenna length in the free space for a known
diode impedance. The diode used is a GaAs Schottky one,
sealed in a ceramic sleeve 1.6 mm in diameter and 3.4 mm
in length. Antenna wires 0.29 mm in diameter were soldered
to the diode to form a dipole antenna of nearly half-wave in
length. The diode impedance varies with the bias current.
However, the optimum bias current is determined with no
relation to the antenna impedance, because the response of
the diode itself varies sensitively with the bias current.
Fig. 2 shows the response of the detector as a function of
the antenna length. The theoretical curve was calculated
according to the impedance-matching condition between
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Fig. 4. Reduction factor of the antenna length versus dielectric
constant of the substrate (for f.;; > 0.2).

the diode and the antenna. The antenna impedance in the
free space has been calculated and tabulated [ 7]. The change
of antenna gain with the antenna length can be neglected in
our experimental conditions. The ‘experimental results are
in good agreement with the theoretical ones. As the diode
impedance is generally small, the maximum response is
obtained usually for the resonant antenna of half-wave in
length.

In order to design the optimum length of antennas on a
dielectric substrate, we have introduced a reduction factor «
of the antenna length as follows:

optimum length on a substrate

optimum length in the free space '

A series of experiments have been performed to obtain the
optimum length of the antenna for various dielectric
materials. The results were compared with the optimum
length in the free space to obtain the reduction factors.

Fig. 3 shows the experimentally obtained reduction
factors as functions of an effective thickness f.; of the
substrate for various dielectric materials. The effective
thickness is given as 7 = Ve t/4, where ¢ is the dielectric
constant, ¢ the real thickness of the substrate, and A the
free-space wavelength. For the effective thickness larger
than 0.2, the reduction factor becomes constant with the
thickness, and is determined approximately only by the
dielectric constant, as shown in Fig. 4.

B. Polar Diagram

Fig. 5 shows a typical example of polar diagrams of the
dipole antenna on a substrate. In the H-plane diagram, the
effects by the dielectric substrate have been shown. When
we printed a metal plate on the back of the substrate of a
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Fig. 5. Polar diagrams of a half-wave dipole antenna on a substrate.
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Fig. 6. Paralle];line output lead with an ,RF-shortiné condensor and
the equivalent circuit.

quarter of the operating wavelength in thickness, improve-
ments in the gain and the directivity were observed.

C. Parallel-Line Lead

As shown in Fig. 6, a parallel line has been used as the
output lead and the dc bias supply. The equivalent circuit
of this configuration is also shown in Fig. 6, where Z, is the
antenna impedance, V, the voltage induced in the antenna
by the incident radiation, Z, the characteristic impedance,
and S the propagation constant of the parallel line. Using
this equivalent circuit, we can determine the optimum
structure of the parallel line by the impedance-matching
condition. Laplace’s equation for the parallel line con-
figuration has been solved by using the finite-difference
method. Fig. 7 shows the calculated capacitance C per unit
length of parallel lines. The phase-velocity v, and the
characteristic impedance Z is given by

- C
Up = Upo EO

L

Z = -
C-v,

where v,, and C, are the phase velocity and the capacitance
for the parallel line in the free space, respectively.
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Fig. 7. Calculated capacitance of the parallel lines on dielectric
substrates.

ITI. CONCLUSION

The optimum structure of a resonant dipole antenna on a
dielectric substrate can be designed by the data previously
given. At first, we determine a free-space antenna structure
which is impedance matched to the given diode. Next, we
can obtain the optimum structure of the antenna on the
dielectric substrate by means of the reduction factor given
in Fig. 4. The parallel-line output lead can be designed by
using the equivalent circuit shown in Fig. 6 and the data
given in Fig. 7.

Through combining the antenna structure described here
with a planar Schottky diode, planar-type detectors for
submillimeter waves can now be constructed.
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