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A 30 GHz MONOLITHIC SINGLE BALANCED MIXER WITH INTEGRATED DIPOLE RECEIVING ELEMENT
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Abstract

A 30 GHz morplithic low moise balanced mixer has been developed
using an integrated “bow tie“ antenna/MG transition and low
parasitic Mott diodes. The diodes and mixer circuit were developed
on General Electric grown MEE material and were fabricated using a
plated air bridge techmology. Measurements on the diode at IC and
RF  showed that the zero bias junction capacitance was 0.025 pF and
the series resistance was 10 chms. A conversion loss of 6 dB was
measured at 30 GHz with a 1 Gz IF.

Introduction

This paper will describe the design and performance of a
monolithic 30 GHz mixer and antenna/WG transition on GaAs. The
mixer was intended for use in EHF phased array modules for space
applications and a variety of designs were considered bearing in
mind the requirement for high performance ard low cost. Although
the original requirement was for a communication link at 30 GHz, it
was decided at the ocutset to select an approach that could be easily
scaled to higher frequencies such as 44, 60 and 94 GHz without any
significant compromise in RF performance. Previous experience at
higher frequencies has shown that it was often difficult to make a
satisfactory transition to an MMIC with repeatable performance. It
was therefore decided to investigate an approach where the
teansition was incarporated onto the chip in the form of a receiving
element or antenma which could act as a free space receiving element
or as part of a transition to a rectangular waveguide, A second
consideration was that the transmission lines be readily compatible
with the coplanar realization of the diodes. Studies were made of
different forms of transmission lines including microstrip, coplanar
waveguide and coplamar strips, and a comparison was made between
them in terms of impedance range, normalized guide wavelength and
conductor and dielectric losses. In general it was fourd that from
an electrical standpoint the most significant difference was in the
impedance ranges which could be realized with acceptable loss. It
was fourd that the edge coupled lines such as coplamar waveguide and
coplanar strips had practical impedance ranges that were about twice
those for broadside coupled lines such as microstrip for given
values of loss. In view of the coplanar format of the diode and the
coplanar receiving elements which showed promise the main part of
the mixer citcuit was designed using coplanar transmission lines.

Mixer Circuit Design

A plamar circuit for the mixer and antenna was designed ard
this is shown in Figure 1. Apart from a groundplane for the
microste ip elements, all the metallization for critical conductor
geametries and the devices was on one side of the substrate., A
balanced dipole “bow-tie" antenna was selected feeding a 100 ohm
balanced coplanar strip transmission line amd the mixer design was
assessed with a “bow-tie™ as a free space receiving element ard as a
transition to waveguide as shown in Figure 2.

The two most important factors in a mixer design are: 1) the
ronlinear element, ard 2) the embedding structure o circuit
suceounding the device, The two ate interdependent ard therefore it
is uwsual to specify one and design the other around it. A device
was designed which had optimum characteristics for operation in the
100 ohm coplamar strip transmission line at 30 GHz. The two most
impor tant parameters in the device are: 1) the zero bias junction
capacitance, and 2) the series resistance. The tradeoffs between

the two were established from previous work and a Jjunction
capacitance of 0.025pF determined,
A Mott diode was chosen for the nonlinear device. The Mott

dicde is a form of Schottky diode in which the active layer is made
very thin so that it remains virtually fully depleted over a wide
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range of junction voltages and hence over the IO cycle. This factoc
is important when the mixer is operated with a low IO power when
parametr ic effects, such as are encountered in a conventiomal
Schottky diode, can cause a significant increase in the mixer moise
figure.

The mixer circuit is of single balanced design where the signal
ard LO are mutually isolated due to the circuit geometry and not die
to the use of filters. The sigmal is fed to the diodes via a
balanced line in coplanar strips. The mixer proper is formed at the
junction between the coplanar line (with reduced width groundplanes)
and the coplamar strips. The diodes are mounted at this junction
which operates in a similar manner to the coplanar slotline junction
comonly used in hybrid circuits. The slots formed either side of
the coplanar line are made to be an integer number of half
wavelengths long at the sigmal frequency in ocder to provide an open
circuit plane at the diodes (A/2 in this case). A transition
between the microstcip line and the coplanar line is achieved by
graunding the finite groundplane of the ooplanar lines with quarter
wavelength stubs in microstrip. 1In addition to avercoming the
requirement for via holes this type of transition is impor tant
because it allows a IC voltage to be developed across the diodes.
This is necessary in order to establish the optimum operating point
on the diode VI characteristic to ensure minimum conversion loss and
noise figure. The IC bias is supplied via low pass hi-lo filters
realized in microstrip. The IO is connected to the coplanar line
via a transition where the top conductor is common and the finite
width groundplanes are grounded to the underneath groundplane using
quacter wavelength microstrip stubs mounted at the transition point.
A high pass quarter wavelength coupled line filter provides IC
isolation between the dicdes and the I0 and also prevents the IO
from lcading the IF sigmls emerging from the mixer. A simple line
and stub filter is used to extract the IF amd provide over 30 dB of
LO isolation.

Fabrication

The momolithic single balanced mixer was fabricated on General
Electric grown MEE material. This layer structure consisted of a 3
micron thick n* layer doped at 2 x 10 18 a3, followed by a 0.2
micron thick layer doped at 5 x 1016 an 3 grown on urdoped IEC
swbstrates. The process sequence is as follows., The cathode
contact was formed by etching down to the nt layer ard defining the
ohmic contact metal by a lift-off technique. After alloying the
AuGeNi contact, the devices were isolated by etching 4 micron deep
mesas. Next, contact areas were defined on the top and at the
bottom of the mesa to form the cathode contact pad. At the same
time, the amde contact was defined on top of the mesa alorg with a
contact pad on the semi-insulating substrate. The Schottky barr jer
was defined by sputtering TiW and Au. The Schottky metal formed the
base metal layer for the following plating step which defined the
air bridge between the Schottky barrier and the pad. Next, the
circuit metallization was defined by a conventional plating process.,
The final step in fabrication was polishing the wafer down t a
thickness of 100 microns ard completing the backside metallization
process, again by a plating technique. This metal provided the
ground plane for the microstrip areas and did rot exist urder the
coplamar lines feeding the antenma,

Figures 3a and 3b are $EM micrographs of a typical Mott diode
and  illustrate the three most motable features of the technology
employed:

1. The air bridge interconnect between the active anode and the
contact pad at the mesa bottom, minimizes the parasitic
capacitance commonly cbserved when a conventiomal dielectr ic
assisted crossover is used to run the anode finger over the mesa
edge (Figure 3a).

2. The thick mushroom shaped anode finger which is mturally

generated by the plating technique employed, allows one to have
a small active footprint (1 micron) with a thick feed line (see
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Figure 3b). This eiables e to have a small capacitance
coupled with a low metal resistarce which is necessary for low
loss.

3. A more subtle advantage of the air bridged diode process is that
it &es mt depend on the critical lipoed resist profile which
is necessary for lift-off. Hence, to a first ocder, the
technology developed is independent of the mesa height employed
vwhich is untrue for a lift~off process.

IC and RF Test Results

Both DC and RF wafer probing of discrete Mott diodes was
pecformed on approximately 50 devices. IC measurements indicated
the diodes had a reverse breakdown of about -7V, and by accurately
measuring the V-I charactecstic the series resistance was determined
to be 10 chms amd the ideality factor about 1.08.

A Cascade Mictowave Model 42 probe station was used o make
small signal one paxt S-parameter measurements for shunt mounted
diodes over the frequency range 2-18 GHz.

Figure 4 shows Snith chart plots of §  as the forward bias was
increased from OV to 1.08V where the current was 20 mA. The
response before the dJdiode starts conducting indicates a small
capacitance. As the biag voltage is increased the resistance
becames more ard more dominant and the response is seen © move
across the Smith chart towards a short-circuit. When the current
through the diode was 20 mA, the plot shows a series resistance of
about 10 chms.

A simple equivalent circueit for the diode was calculated from
the one-port S-parameters for different bias conditions ard a zero
bias equivalent circuit is shown in Figure 5. The element values in
the circuit were obtained by computer optimization of the measured
versus modelled S-parameters. The starting values for L , C and C
were cobtained from the physical geometry of the device and
processing parameters and the series resistance R was calculated
from IC measurements.

The zero bias cut-off frequency of the diodes was determined
be 640 Giz. Figure 6 shows the variation of junction capacitance as
a function of junction voltage for both the actual Mott diode anrd a
theccetical  Schottky. The Mott diode clearly shows flatter
capacitance variation with voltage, being approximately 0.025 pF
from -6V to +0.5V.

Figures 7 and 8 show the two pactions of the waveguide fixture
sketched in Figure 2. The GaAs substrate was mounted on alumina for
mechanical strength using a ron-conducting cement. The complete
circuit was mounted in the fixture as shown in Figure 8.

Measurements were made of conversion loss as a function of IO
pover with a 30 GHz LO and a 31 Gz signal producing a 1 GHz IF.
These are shown in Figure 8. The variable backshort ard inductive
tuning screws were adjusted for minimum conversion loss and the DC
bias voltage was optimized for each IO setting. A single sideband
conversion loss of 6 B (including fixture losses) was measured with
10 dBm (10 mW) of LO power.

Conclusion

A 30 GHz momolithic low noise mixer has been described using an
integrated "bow-tie" antenna/WG transition and low parasitic Mott
diodes. Although the design requires further development to campact
ard improve the passive circuits, initial measured results for the
first design are encouraging. This design incorporates tuning
elements in the waveguide mount and can be made compact as the
circuit is mounted broadside across the waveguide.
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FIGURE 3 SEM MICROGRAPHS OF A TYPICAL MOTT DIODE
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FIGURE 4 S11 OF A SHUNT MOUNTED MOTT DIODE AS
A FUNCTION OF DC BIAS VOLTAGE. FIGURE 5. DIODE EQUIVALENT CIRCUIT
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FIGURE 6. CAPACITANCE-VOLTAGE CHARACTERISTIC OF
MOTT AND SCHOTTKY DIODES

i FIGURE 8 COMPLETE EHF MIXER
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FIGURE 9. CONVERSION LOSS VERSUS LO POWER OF 30 GHz
MONOLITHIC SINGLE BALANCED MIXER



