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Abstract

A selective etching technology for the fabrication of InP Gunn
devices on diamond heat sinks was established recently. Using
MOCVD-grown material, state-of-the-art RF power levels of
more than 130 mW at 131.7 GHz and more than 60 mW at
151 GHz were obtained in the fundamental mode. No deteriora-
tion was observed in one of these devices monitored for more
than 6500 hours. Power combining of two devices resulted in an
RF output power of 130 mW at 136 GHz with a combining effi-
ciency of more than 85 %. After evaluating CBE-grown material
with devices on integral heat sinks, different doping profiles for

ogy for InP Gunn devices on diamond heat sinks [4]. This
technology allowed the fabrication and direct comparison
of devices from the same epitaxial material with a graded
doping profile, but with either polarityi,e., cathode or
anode near the heat sink [4]. Recently, we obtained state-
of-the-art RF power levels of more than 130 mW at
131.7 GHz and more than 60 mW at 151 GHz in the fun-
damental mode and in a configuration with the anode near
the heat sink. Low heat-flow resistances on diamond heat
sinks significantly reduce the operating active-layer tem-
perature and are expected to improve reliability and life-

devices operating at D-band frequencies were designed and time of it it InP Gunn devices. Therefore, one of the

grown in a CBE system. Preliminary results with RF power lev-
els of more than 100 mW around 130 GHz indicate that CBE
can provide the high-quality material required for InP Gunn
devices and that RF power levels above 150 GHz can be
increased significantly with optimized device structures. No dif-
ferences in the excellent noise performance of devices fabricated
from either MOCVD- or CBE-grown material were found.

Summary

There has been an increasing demand for high-perfor-

mance low-noise sources at frequencies above 100 GHz.

Vapor-phase _pitaxy (VPE) [1,2] and _mtalaganic
chemical \apor _@position (MOCVD) [3] have so far
been the only epitaxial growth processes that provide the
high-quality semiconductor material for millimeter-wave
InP Gunn devices. We used MOCVD-grown epitaxial
material to establish a versatile selective etching technol-

1 Present address: Applied Epi
1290 Hammond Road
Saint Paul, Minnesota 55110

devices from the work presented in Reference 4 has been
monitored under continuous operation at an ambient tem-
perature between 20°C and 24 °C in a still ongoing
experiment since mid-April 1996. Recorded variations in
bias current and RF output power were less thdan%
and-— 3 %, respectively, over more than 6500 hours. The
recorded RF power levels for the time period of the first
240 days are plotted in Figure 1 as one data point per day.
The oscillation frequency has not been monitored contin-
uously, but was measured a few times over the time
period of Figure 1. Changes in the oscillation frequency
were found to be less than5 MHz.

In a first attempt at power combining, an in-line configu-
ration with two full-height WR-6 waveguide cavities as
shown in Figure 2 was employed. This dual-cavity con-
figuration was quite successful with InP Gunn devices [5]
and W-band (75-110 GHz) GaAs tuhimgection fransit-
time (TUNNETT) diodes [6]. The device with the wide
tuning range [4] was chosen for device A, and another
device with the similar RF output power of more than
100 mW at 131.19 GHz, as device B. The oscillation fre-
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guency of the combined devices was 134.19 GHz with
little variation as the position of the back short was
changed. At this frequency, device B generates less than
half the power of device A in a single-cavity oscillator,
which explains the combined RF output power of
100 mW and the combining efficiency of 65 % at
134.19 GHz. Therefore, the device in cavity B was
replaced with a new device that yielded more than
100 mW at 135.50 GHz and 90 mW at 135.96 GHz.
Figure 3 illustrates the tuning characteristics of the indi-
vidual single-cavity oscillators.
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Figure 1. Long-term stability of the RF output power.
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Figure 2: Schematic of the dual-cavity waveguide circuit
for Gunn device power combining.

In the dual-cavity combiner circuit, a maximum RF out-
put power of 130 mW at 135.98 GHz was measured,

which corresponds to a combining efficiency of more
than 85 % and an overall dc-to-RF conversion efficiency
of 1.25 %. Similar combining efficiencies were reported
previously from this type of in-line configuration using
GaAs TUNNETT diodes in full-height WR-10 waveguide
cavities [6].
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Figure 3: Tuning characteristics for devices A and B in
individual single-cavity oscillators at maximum dc input
power for device B and 80 % of the maximum dc input
power for device A, respectively.

With a phase noise of less than - 106.5 dBc/Hz as taken
from the spectrum analyzer at a frequency off the carrier
of 500 kHz, this oscillator with two power-combined
devices demonstrated as clean a spectrum as was already
seen in free-running oscillators with single devices [4].
Figure 4 summarizes the best results from single-cavity
oscillators in the frequency range from 125-165 GHz, and
the result from power combining in the dual-cavity oscil-
lator is included for comparison.

This is the first successful demonstration of power com-
bining at D-band frequencies, and, to the authors' knowl-
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edge, the RF power levels are the highest reported from
any Gunn devices.

Initial results from InP Gunn devices on integral heat
sinks indicated that hemical-leam _@itaxy (CBE) not
only can provide the high-quality epitaxial material that is
required for high-performance InP Gunn devices, but also
could offer tighter doping control at doping levels below
5. 10'6 cm3 using elemental-source Si. Devices with a
1.74mm-long active region at a doping level of
9. 10'S cm3 vyielded RF power levels (and correspond-
ing dc-to-RF conversion efficiencies) between 38 mW
(2.1 %) and 62 mW (1.9 %) in the fundamental mode
around 80 GHz. In a second-harmonic mode, RF power
levels of more than 13 mW at 151 GHz and more than
9 mW between 157 GHz and 159 GHz were obtained
from similar devices, again on integral heat sinks.
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Figure 4: RF output power and dc-to-RF conversion effi-
ciency versus oscillation frequency for D-band InP Gunn
devices fabricated from MOCVD-grown material.

Subsequently, doping profiles with and without grading in
the approximately Iam-long active regions were
designed for devices that can operate in the fundamental

mode at D-band (110-170 GHz) frequencies, and the
material was grown by CBE. The above selective etching
technology was employed to fabricate devices to be
mounted on diamond heat sinks. The devices that were
tested first had a In@k-long active region at a doping
level of- 2166 cm3 and, as a preliminary result,
yielded RF power levels of up to 104 mW around
130 GHz with corresponding dc-to-RF conversion effi-
ciencies around 1.5 %. Subsequently, devices were tested
that had a nominallymth9eng active region with a
grading in the doping profile from nominally
-81ML5 cm3 to 2.3 1016 cmr3. As expected, the first
devices already yielded higher dc-to-RF conversion effi-
ciencies of around 2.0 % at oscillation frequencies around
130 GHz. These preliminary values are quite similar to
those shown in Figure 4 for devices that were fabricated
from MOCVD-grown material. Measured RF power
levels of around 80 mW are slightly lower than those of
Figure 4 around 130 GHz. This can be attributed to the
fact that the optimum device area and the optimum
impedance matching has not yet been found for the first
devices from CBE-grown material with a graded doping
profile in the active region. As shown in Figure 5 for an
RF output power of 94 mW at 130.8 GHz, free-running
oscillators with these devices from CBE-grown material
exhibit very clean spectra with a phase noise of less than
103 dBc/Hz at a frequency off the carrier of 500 kHz.
These excellent phase-noise levels are comparable to
those reported in Reference 4 for devices from MOCVD-
grown material. Measured RF power levels as well as cur-
rent densities at the bias point agree well with the predic-
tions from an Ensemble Monte-Carlo simulation program

[71.

This is the first demonstration of high-performance InP
Gunn devices fabricated from CBE-grown material.
These results indicate that CBE is well suited for this pur-
pose, and that considerably improved performance in the
fundamental mode as well as a second-harmonic mode at
frequencies above 150 GHz can be expected from InP
Gunn devices on diamond heat sinks with optimized
doping profiles.
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Figure 5: Spectrum of an InP Gunn device free-running

oscillator,
130.821 GHz, vertical scale 10 dB/div, horizontal scale

power level 94 mW, center frequency

500 kHz/div, BW 100 kHz, VBW 3 kHz.
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