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Fig. 3 Total power output and external diode efficiency against injected
peak current (50% duty cycle, 300K)
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In conclusion, we have reported, to our knowledge for the first
time, electroluminescence from InGaAs/InAlAs LEDs lattice-mis-
matched grown on GaAs substrates. We have demonstrated that
using MBE it is possible to grow high-quality material and also
that the composition of the layers can be tuned to the desired
wavelength. This should open up new possibilities to use infra-red
LEDs in gas sensors.
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Noise measurements in resonant tunnelling
structures as a function of current and
temperature

P. Ciambrone, M. Macucci, G. lannaccone,

B. Pellegrini, M. Lazzarino, L. Sorba and F. Beltram

Indexing terms: Resonant tunnelling devices, Semiconductor device
noise

The authors present the results of noise measurements performed
on custom designed resonant tunnelling structures. The shot-noise
suppression has been measured as a function of bias current and
temperature in the 14-223K range, and results have been
compared with those predicted by existing theories.

Introduction: Shot-noise suppression in resonant-tunnelling dou-
ble-barrier structures (RTDBSs) has recently attracted the interest
of device physicists and electrical engineers. While several theoret-
ical attempts at explaining this phenomenon have been made [1 —
4], very few experimental data are available in the literature [4, 5].
Further investigation of this problem is needed, because theoreti-
cal and experimental results do not provide a fully consistent pic-
ture.

A few authors have argued that shot-noise suppression would
be maximum for equal transmission coefficients of the two barri-
ers [1 — 3]; therefore, we have designed, fabricated and tested a res-
onant tunnelling diode able to satisfy this condition for a proper
value of the applied bias voltage.

Experimental conditions: The sample was grown by molecular
beam epitaxy (MBE) on n-doped GaAs (001) substrate (10¥cm?)
with the following layer structure: a silicon doped (n = 1.4 x
10*cm*) 500nm-thick GaAs buffer layer, an undoped 20nm-thick
GaAs spacer layer to prevent silicon diffusion into the barrier, an
undoped 11.5nm-thick AlyGayeAs first barrier, an undoped
Snm-thick GaAs quantum well, an undoped 10nm-thick
Aly3Gay e As second barrier, an undoped 15nm-thick GaAs spacer
layer and a silicon-doped (n = 1.4 x 10"*cm~) 500nm-thick GaAs
cap layer to realise the emitter terminal.

The barriers have equal heights but different thicknesses, to
achieve maximum symmetry of transmission coefficients for a bias
voltage of 0.2 -0.3V. The asymmetry of the two spacer layers is
due to the greater diffusion coefficient of the dopant in the growth
direction.

Ohmic contacts were defined by photolithography on the top
layer and used as stop-etches to define the emitter circular mesas
with a diameter of 50um. The collector contact was formed by
metallising the whole substrate base.
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Fig. 1 shows a comparison between experimental results and the
outcome of numerical simulations for forward- and reverse-bias
U/'V curves at 77K. The agreement between theoretical and experi-
mental curves gives us confidence about the correspondence
between nominal and actual values of barrier parameters. Theoret-
ical curves have been obtained with the inclusion of dissipation by
means of a phenomenological relaxation time.

Our samples have been cooled down in a two-stage helium
expansion cryostat that has been custom-modified to reduce vibra-
tions of the sample holder. The sample holder is mechanically
independent from the cooling stages, while heat transmission is
provided by a gaseous helium cushion. Vacuum in the sample
chamber is obtained with a hydrocarbon-free dry pumping system.

Noise measurements have been performed with a recently devel-
oped technique [6], allowing an accurate estimate of spurious con-
tributions from the input amplifier and from the biasing network.
These contributions can thus be subtracted from the total noise
spectrum.

Results: Most of our measurements have been performed in a fre-
quency range between 100Hz and a few kilohertz, where the noise
spectrum is substantially flat. Below 100Hz flicker noise contribu-
tions become significant, particularly for the higher current bias
values, and above a few kilohertz the equivalent input current
noise of the amplifier is prevalent.
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Fig. 2 Shot-noise suppression factor against bias current for different
temperatures

Thick curves re‘Prcsem theoretical result of [I - 3], computed using
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In Fig. 2 we report the noise suppression factor (averaged over
the above-mentioned frequency range) as a function of bias cur-
rent for several different temperatures. The noise suppression fac-
tor is defined as the ratio of the measured noise level S; to the
theoretical full shot-noise Sy, = 2¢I, where q is the electron charge
and [ is the bias current. There is a clear trend towards a decrease
of the suppression effect with increasing temperature. We also
notice that for the lowest temperature (14K) the shot-noise sup-
pression factor approaches a value of 0.5 for current values near
the peak. We compare these experimental results with a well
known theoretical model [1 - 3], according to which the shot-noise
suppression factor should be equal to 1-T,./2, where T, is the
transmission coefficient of the whole structure at the resonant
energy, in the hypothesis of coherent transport. We report the cal-
culation of 1-T,,/2 for two different values of the effective mass
m’ in the barriers: the thick broken line corresponds to m'/m, =
0.067+0.083x in Al,Ga, As [7], while the thick solid line is
obtained for an effective mass (m'/m, = 0.08) obtained from the
interpolation between the value of m" in GaAs and that in AlAs
proposed by [8]. The first theoretical curve approaches the trend
of the experimental data; however, it is clear from a comparison
between the two curves that the model is highly sensitive to the
choice of the effective mass value, whose actual validity is debata-
ble in structures with very thin layers.
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In Fig. 3 we show the shot-noise power spectral density as a
function of current at 14K in the positive differential resistance
regions before and after the direct bias peak. We notice that
beyond the peak no substantial suppression can be observed. A
similar result has been obtained also at the other temperatures.

Conclusion: The shot-noise suppression in an RTDBS has been
measured as a function of current bias for several values of tem-
perature. Our results have been compared with predictions from a
theoretical model, obtaining a qualitative agreement for a particu-
lar choice of the effective mass. However, we do not consider this
agreement as a proof of the validity of the model, because of the
high sensitivity to the effective mass value. Moreover, this model
has been demonstrated for purely coherent transport, which is not
expected to be prevalent in these devices, even at very low temper-
atures. Therefore we are planning to perform noise measurements
on a set of devices with different thicknesses for the collector bar-
rier and to include in the theory noncoherent and dissipative
effects.
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Q-band high-efficiency monolithic HEMT
power prematch structures
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G.S. Dow and B.R. Allen

Indexing terms: High-electr bility transistors, Imped

matching

Monolithic Q-band high-efficiency prematch structures using 0.15
um double-heterostructure pseudomorphic AlGaAs/InGaAs/GaAs
HEMTs have been designed, fabricated and evaluated. The
structures include a 400um and an 800um gate-width unit,
demonstrating power-added efficiency of 41.6% and 37%,
respectively, ~ which represents  state-of-the-art efficiency
performance at this frequency. These building blocks can be used
easily to construct high-power, high-efficiency amplifiers. The
circuit design, output power and efficiency performance of the
prematch structures are also presented.

Introduction: There are increasing demands for the performance of
high-efficiency millimetre-wave power amplifiers (PAs) in various
system applications. Quite a few Q-band (44GHz) high-power,
high-efficiency monolithic amplifiers and power devices have been
reported using either GaAs- or InP-based HEMT devices [1 - 5.
Recently, Chen ez al. reported a 1W monolithic two-stage power
amplifier (PA) [3], while Smith et al. reported a 1.8mm-gate-width
device with 800mW output power and 25% power-added effi-
ciency (PAE) [4] at 44.5GHz, and Huang et al. reported 38% PAE
of a 400 um-gate-width device [3] at 44GHz, using 0.15um-gate
GaAs-based HEMTs. The InP HEMT devices demonstrate a
higher PAE of 31% for a single-stage MMIC PA with 630mW
output power on a 2mil substrate [5].

This Letter presents two high-efficiency 44GHz monolithic
HEMT prematch structures (indeed single-stage MMIC amplifi-
ers) using a 0.15um passivated T-gate pseudomorphic InGaAs
channel HEMT fabrication process on a 4mil GaAs substrate.
One employs 400pum-gate-width device, and the other has 800um
gate width. These structures demonstrate the highest PAE for the
size of these devices ever reported at this frequency: 41.6% for the
400pum unit and 37% for the 800pum unit. The prematch structures
can be used as building blocks to construct monolithic high-power
amplifiers easily, which overcomes the difficulty of matching the
low impedance for a large periphery power device in the PA
design. This design approach has demonstrated successfully state-
of-the-art high-performance MMW PAs in the Ka-band (35 GHz)
[6] and V-band (60GHz) [7].

Device characteristics and circuit design: The PM HEMT devices
employ a double-heterostructure layer design and are similar to
devices reported earlier [3, 6, 7]. The devices exhibit a maximum
transconductance greater than S00mS/mm and a maximum cur-
rent density greater than 600mA/mm. The gate-to-drain break-
down voltage defined at 1mA/mm is typically greater than 10V.
The devices also demonstrate a very low output conductance of
less than 25mS/mm and excellent pinch-off characteristics. The
typical unit current gain cutoff frequency f; is 90GHz and maxi-
mum oscillation frequency f,,, is 200GHz for an 80um-gate-width
device.

Fig. 1 shows the layout of the 4GHz 400pm and 800pum mon-
olithic prematch units with chip sizes of 2.4 x 1.0 and 2.4 x
1.55mm?, respectively. These structures are based on a 4 mil-thick
GaAs substrate. They both consist of common source four-finger
200pm cells combined in parallel to form the 400pm and 800um
HEMT devices with the via holes placed between each two adja-
cent 200pm cells. Cascaded high/low-impedance microstrip lines
are used to form the input and output matching networks. The
two-section quarter-wave impedance transformers match the input
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Fig. 1 Layout plots of 44GHz monolithic 400pm and 800um prematch
structures

a 400pm
b 800um

and output from low impedances looking into the common source
HEMT devices to 50Q. Thin-film resistors are added to each two
adjacent 200um cells to prevent odd-mode oscillation. The chip
accommodates 200pm pitch ground-signal-ground connecting
pads to allow on-wafer testing. The prematch structures can be
used as building blocks to construct monolithic high-power ampli-
fiers easily, which overcomes the difficulty of matching the low
impedance for a large periphery power device in the PA design.

Measurement results: These prematched structures were tested on-
wafer for small-signal gain first. The small-signal gain is 9dB for
the 400pm unit and 8dB for the 800pum unit. Both the prematch
structures were mounted in a Q-band fixture for power perform-
ance cvaluation. Antipodal finline transitions on a 3 mil-thick
fused silica substrate are used to couple the signal from the
waveguide to the microstrip. Quarter-wavelength lines plus wide-
open stubs for RF ground were added on the microstrip transmis-
sion lines in the test fixture for biasing. The typical insertion loss
of this transition fixture with back-to-back transition connections
is 1dB. All the data presented below have been corrected by 0.5
dB for both input and output transition.
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Fig. 2 OQutput power and PAE against input power plots for both pre-
match amplifiers at 44 GHz biased for maximum output power

Fig. 2 plots output power and efficiency against input power at
44GHz for both prematch amplifiers with a drain voltage of 5V.
Output powers of 23 and 25.8dBm were obtained for the 400 and
800um units, respectively, with the same PAE of 30.4%. However,
for the lower drain bias, we observed a PAE of 34.3% at 3.5V
drain bias for the 400um unit and 4V drain bias for the 800um
unit. By further adjusting the tuning pads around the output
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