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In recent two decades semiconductor heterostruc-
tures emerged as a very promising basis for the devel-
opment of various types of devices in a microwave
frequency range. In the present work we discuss mo-
lecular beam epitaxial (MBE) growth of wide mini-
band superlattice (SL), heterostructure barrier varactor
(HBV) and high electron mobility transistor (HEMT)
structures, their characterization and application of
these heterostructures for generators, detectors and
frequency multipliers operating in the sub-THz and
THz frequency range.

Superlattices.

The superlattice structures were grown by solid
source molecular beam epitaxy using a Riber 32 ma-
chine. GaAs based structures were grown on GaAs
substrates, consisted of several tens of periods of
GaAs wells (3 - 4 nm thick) and AlAs barriers ( about
1 nm thick) doped with silicon (10*" - 10% cm®). The
superlattice was embedded between graded layers of
gradual composition and doping level to avoid abrupt
heterojunctions. A n* GaAs or GaAs/InGaAs cap lay-
er was provided for the formation of ohmic contacts.
InP based SL structures were grown lattice matched
to InP substrates and consisted of several tens of peri-
ods of Ings3Gaga7As wells (about 4 nm thick) and
Ing52Gag4gAs barriers (about 1.2 nm thick) doped
with silicon (10'7 - 10'® cm3). The superlattice was
embedded between graded layers of gradual composi-
tion and doping level to avoid abrupt heterojunctions.
InGaAs cap layer was provided for the formation of
ohmic contacts. Mesa diodes (Fig. 1) with area of
about 60 and 10000 um? were formed using Au-Ge—
Ni composition [1].
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Fig. 1. Cross section of the G

Changing the widths of the well and barrier layers
the lowest SL miniband width could be varied from
about 20 up to 160 meV. These doped wide miniband
superlattices exhibit negative differential conductance
(NDC), Fig. 2, which is a consequence of Bragg re-
flection of miniband electrons accelerated by an elec-
tric field.

The negative differential mobility of a superlat-
tice can give rise to travelling dipole domains and a
self-sustained current oscillation at the transit fre-

quency, which is the ratio of the domain velocity and
the superlattice length. The fundamental oscillation
frequency increased with the increase in the miniband
width due to the increase of peak drift velocity [2].
The oscillation frequency can be controlled by chang-
ing the bias voltage applied to the diode. In compari-
son to a GaAs/AlAs superlattice, an InGaAs/InAlAs
superlattice with the same quantum well and barrier
thickness has the advantage of a larger miniband and,
therefore, of a higher drift velocity due to the lower
effective electron masses of the constituent materials
and a lower barrier height. The highest fundamental
frequency of an InGaAs/InAlAs superlattice oscillator
is shown on Fig. 3. The power was ~80 mW corre-
sponding to a conversion efficiency from DC to high-
frequency power of 0.6% [3].
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Fig. 2. Current-voltage characteristic of SL diode
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Fig. 3. Spectrum of millimetre wave emission from In-
GaAs/InAlAs superlattice device.

Strongly nonlinear U-V characteristic in the NDC
region allows the use of the doped wide miniband
superlattice device as a frequency multiplier in the
microwave emission range, Fig. 4. The input frequen-
cy F = 150 GHz. Maximum harmonic number is n =
54, maximum harmonic frequency is 8.1 THz. Most
part of radiation power of the frequency multiplier is
concentrated in first 10 harmonics between 0.4 and
1.5 THz [4].

It was found that THz radiation affects Bloch os-
cillating miniband electrons. The direct current
through a superlattice is reduced by a THz field and
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resonant structures in the current-voltage characteris-
tic occur when the Bloch frequency is in resonance
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Fig. 4. GaAs/AlAs SL frequency multiplier harmonics
intensity in the 0.4 — 4.1 THz range.
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with the THz field or with its harmonics. In compari-
son to a GaAs/AlAs superlattice detector, the In-
GaAs/InAlAs superlattice detector has a responsivity,
which is higher by an order of magnitude. The higher
responsivity is caused by a higher current density due
to a larger miniband of the InGaAs/InAlAs superlat-
tice [5].

Heterostructure barrier varactors.

Heterostructure barrier varactor (HBV), Fig. 5, fre-
quency multipliers demonstrate very promising results
for applications in sub-THz and THz range. The best
results for HBV multipliers have been achieved using
MBE-grown heterostructures on InP substrates with
several IngsAlp48AS/ALAS/INg 5,Alp 48AS barrier layers
in the Ings3Gaog47As matrix. We have found that leak-
age current strongly decreases with the increase in the
AlAs insertion thickness due to the reduction in the
electron tunneling probability. Strain compensation
InGaAs layers also decrease the leakage current at the
same AlAs thickness. This may be attributed to the
positive effect of the decrease in the overall amount of
strain in the structure and better structure quality. Fre-
quency tripler was fabricated using 6 mesa,18 barrier
HBV diode, with a cross section area of 7x150 um?.
Under CW operation at 94 GHz output frequency the
maximal output power exceeds 100 mW at the con-
version efficiency of about 14%. The estimated value
of HBV cut-off frequency exceeds 1.2 THz [6].
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Fig. 5. HVB conduction band diagram at applied bias volt-
age.

HEMTs.

Nonlinear properties of the plasmonic excita-
tions in a two-dimensional electron channel of HEMT
can be used for detection of terahertz (THz) radiation.
The plasmonic FET THz detectors are promising be-
cause they can operate in a broad THz frequency
range at ambient temperature and exhibit a good bal-
ance between the responsivity and noise figure of

merit. Along with the plasmonic nonlinearity, the
asymmetry of the boundary conditions at the source
and drain ends of the HEMT electron channel is man-
datory for enabling a non-zero detection response. We
fabricated a tight concatenation of four HEMT s con-
nected in series on a single chip. It is shown that such
HEMT chain exhibits strong THz photovoltaic re-
sponse due to asymmetric form of the T-gate in each
HEMT in the chain. We obtained the voltage respon-
sivity above 1 kV/W in the unbiased mode of the de-
tector operation [7].
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