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Experimental results with two different 35-GHz Doppler radar units are reported in
this contribution. The system consists of a planar GaAs transferred electron oscilla-
tor and an InGaAs-mixer diode. The oscillator is a MESFET-like structure with a
negatively biased Schottky-gate. A stationary high-field domain is formed under-
neath the gate and acts as a transit-time-independent broadband negative differential
resistance. To achieve mixing with high sensitivity at zero bias the energy barrier of
the diode must be made low. The mixer diode used in this module consists of
0.18 pm InGaAs with 38 % In content and 1-10"” cm™® Si n-type doping. This yields
an energy barrier of 0.3 eV. With the first design a sensitivity of 1 mV/uW has been
obtained.

1. Introduction

Millimeter-wave radar sensor systems especially suited for automotive applications
were intensively developed during the last few years[1], [2]. Combination of alow-cost
technology together with advanced electrical characteristics and high reliability is a
cornerstone requirement for an application in the automotive industry [3], [4]. Since the
microwave front-end unit is the key unit determining the system’s performance and
codt, it is the most crucia part of the whole system. Two different 35 GHz low-cost RF
front-end Doppler units suited for automotive applications have been constructed. The
homodyne unit consists of both receiving and transmitting corporate-fed microstrip
patch array antennas, a microstrip directional coupler, a monolithic GaAs FECTED
oscillator, and an integrated single Schottky diode mixer. The autodyne configuration
uses only one antenna and the FECTED as a self-oscillating mixer. Inexpensive micro-
strip technology has been used, which yields a good compromise between cost factor
and technical performance.

2. System Configuration

The block diagram of the front-end unit is shown in Fig. 1. The output power of the
oscillator is fed into the transmitting antenna. At the mixer diode the reflected signal
from the receiving antenna is combined with the LO signal provided by the 10 dB
directional coupler. The amplified IF signal isfed into a signal processor. This configu-
ration is suitable for both Doppler CW (continuous waveforms) as well as FM
(frequency-modulated) CW radar systems.
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Fig. 1. Block diagram of the front-end unit using homodyne detection.

Further cost and size reductions of the module have been obtained with a simplified
system configuration as shown in Fig. 2. In this design the FECTED (field effect con-
trolled transferred electron device)-oscillator acts as a self-oscillating mixer [5] thereby
sparing the mixer diode as well as the directional coupler and the second antenna. In
this mode of operation the reflected signal received from the antenna changes the effec-
tive load impedance of the oscillator resulting in changes of both oscillator power and
frequency which can be detected as bias current variations. A bandpass amplifier is used
to separate the small bias current variations from the large DC current.
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Fig. 2: Block diagram of the simplified front-end using autodyne detection.

3. Antennas

Two linearly-polarized corporate-fed microstrip patch array antennas have been
designed for this system. The first one is a 4x4 array antenna with 16 degrees beam-
width and 17.5 dB (isotropic) power gain. The second one is a 8x8 array antenna with 8
degrees beamwidth and 21.5 dB (isotropic) power gain. The VSWR of both prototypes
is below 2. A relatively inexpensive RT/duroid 5880 (a trademark of Rogers Corp.)
substrate material of 0.254 mm thickness has been used for the fabrication of the anten-
nas and the 10 dB directional coupler. The passive part has been made using standard
photolithography and etching-technology, and has been covered by a gold film in order
to minimize losses. A more detailed description of the antennas is given in [6]. Fig. 3
shows a photograph of the 8x8 array antenna module.
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Fig. 3: Photograph of the front-end unit with 8x8 array antenna

4. Oscillator

In order to minimize costs a specia planar Gunn diode has been used instead of a
sophisticated transistor oscillator. This approach relaxes the demands on the resolution
of the lithography. The device is called FECTED (Field Effect Controlled Transferred
Electron Device) and is described elsewhere in this report. The device and the circuit
have been fabricated on a 4x5 mm? GaAs chip with standard processing technologies.
With the FECTED oscillator mounted in the sensor front-end an output power of about
4 mW at 34 GHz with an efficiency of 0.8 % has been measured. Further details of the
FECTED have been published in [7].

5. Mixer Diode

5.1. Voltage sensitivity

The voltage sensitivity of a detector diode is defined as the output voltage generated by
the diode into the load circuit divided by the RF-power absorbed in the diode. The goal
of the optimization procedure is to make this sensitivity aslarge as possible [8].

The voltage sensitivity, 4, of acircuit with load resistance R, is given by

~ 0.0005 {mv}
ROTIN e Ry/R 1+ (C, )RR | LKW

Is...... reverse saturation current

lo ..... bias current

C;..... junction capacitance of the diode
Rs..... series resistance

Rj..... dynamic resistance (= g/nkT (ls+1o)).
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It is necessary to minimize both the junction capacitance and the series resistance. The
capacitance of the diode can be decreased if the size of the junction diameter is reduced.
To obtain low series resistance the conductivity of the bulk material should be as high
as possible, the current path through the material should be as short as possible and a
good ohmic contact (low resistivity) is needed.

It is well known that large LO power is needed to minimize conversion loss of a GaAs
Schottky mixer diode. This is a consequence of the high barrier height of about 0.7 eV
of GaAs Schottky diodes. For a typical set of parameters for 10 um x 10 um Schottky
barrier diodes (f =35 GHz, n=1.4, Rs= 10 Q, C; = 70 fF, R. = 1 MQ) the maximum of
the sensitivity 4 can be calculated from the above equation. If the detector should be
used without bias current, which simplifies circuitry, then I, = 0 and the saturation cur-
rent I has to be in the range of 10° A. This corresponds to a barrier height of approxi-
mately 0.22 — 0.25 eV. However, the barrier height can be reduced if InyGay xAsis used.
With increasing x the energy gap of the semiconductor is lowered from 1.42 eV (x = 0;
i.e. GaAs) t0 0.33 eV for x = 1 (InAs). With decreasing energy gap the barrier height of
the Schottky contact is also reduced. With 1ng33Gags2AS the desired barrier height can
be adjusted.

5.2. Diode fabrication

The diodes have been fabricated using epitaxia layers of 1ng33GansAS grown by metal
organic vapor deposition (MOCVD) on semi-insulating GaAs substrates. In order to
grow good quality Ing3sGape.As layers on GaAs a graded buffer layer is needed to
compensate the difference in lattice constants between InGaAs and GaAs. The Indium
content is increased from 0 to 38% in steps of 5% in this layer. The first active layer
grown is an n*-layer doped 6-10™® cm® with a thickness of 0.8 um. On top of thislayer a
0.19 um thick n-layer with 2-10' cm™ doping concentration has been grown. The
ohmic contact is recessed to the n*-layer and the connection to the Schottky-contact on
the top isled over a SiO-bridge.
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Fig. 4. SEM picture of the InGaAs Schottky diode

In Fig. 4, a SEM picture of the diode is shown. With the first design a sensitivity of
1 mV/uW has been obtained.
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6. Results

Both front-end units have been tested with a target moving at a constant speed of
0.37 m/s from a distance of 2 meters towards the antenna. In the case of homodyne
detection the amplified mixer signal Vs shown in Fig. 5 corresponds almost perfectly
to the theoretic Doppler signal which is aharmonic function for constant target velocity.
With a triangular corner reflector at a distance of 22 m, a signal amplitude of 100 mV
after an amplification by afactor of 305 has been measured.

Vkiec 500mV/div | MTB 5.00ms/div

Vs, |500mVrdiv || MTBS.Opms/dv, |, |

Fig. 5: Amplified (x 305) mixer signal Fig. 6: Amplified (x 305) drain current

from the homodyne configuration modulation in the autodyne con-
target velocity ... 0.37 m/s figuration, target velocity ...
0.37 m/s

For the autodyne configuration the detection range is much shorter because the reflected
power received by the antenna must be sufficient to modulate the oscillator’s output
power. This modulation is highly nonlinear but periodical with half the wavelength as
can be seen in Fig. 6 where the drain current modulation measured at a shunt and
amplified is displayed.

7. Conclusion

Two different inexpensive configurations of the microwave part of a 35-GHz Doppler
radar sensor system have been presented. The described approaches make it possible to
achieve acceptable system performance with low-cost technology. The front-end with
two antennas and the mixer diode has an operational range of at least 25m. It is
expected that this distance can be enhanced by optimizing the system components with-
out increasing the transmitted power. A further cost reduction can be achieved by
monolithically integrating the system on a single chip. The autodyne configuration has
less sensitivity and higher noise level but it is the simplest and therefore cheapest
approach.
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