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Abstract—We present the first antenna power measurements
from a double metal terahertz-frequency quantum cascade laser
(THz QCL) mounted within a waveguide cavity and
incorporating dual diagonal feedhorns that enable directional
output coupling of THz radiation from both laser facets. The
feedhorn antenna patter ns have been measured simultaneously at
a frequency of 3.5THz and with the QCL operating at an
ambient temperature of 60K in continuous wave mode.
Comparison with a feedhorn theoretical model shows good
pattern correlation and implies that the QCL signal is likely
propagating within the waveguide in a fundamental mode.

that, in combination with the appliedO tone, efficiently
down-convert it to a lower frequency, whence it can be signal
processed to reveal related spectral information

Generating a THz LO signal with sufficient power to
‘pump’ the mixer diode, typically at the milliwatt level, is
challenging in the THz range, and even more so at supra-THz
frequencies. The latter has previously required the development
of complex gas-laser systems that are incompatible with
small satellite platform. Moreover, the LO must provide a
stable frequency output to avoid influencing the retrieved
spectral lineshape; thereby further increasing its complexity.

Keywords—QCL; terahertz; heterodyne; local oscillator;  Thys, the generation of a frequency-stabilised LO signal,
waveguide; feedhorn; typically to better than 1 MHz, and in a space compliant form,
is acrucial requiremendf supra-THz heterodyne spectroscopy.
I. INTRODUCTION

A highly attractive solution to the above offered bya
The chemicatonstituents of the Earth’s upper atmosphere  relatively new device, the quantum cascade laser (QCL). This
play an important role in influencing weather and futurehandgap engineered semiconductor structure provides a source
climate change. In particular, the mesosphere and lowegjf supra-THz power from a highly compact configuration that
thermosphere (MLT) are strongly affected both by natural anfleeds only a simple direct current (dc) input source. However,
anthropogenic inputs from the surface, and by solar and spaGghen used in a native and unpagéd form, QCLs suffer a
weather impacts from the space environment above. Ganingpoor coupling to free-space and need to be frequency
full understanding of the global distribution of key chemicalstabilised. In a step towards addressing these disadvantages, we
species, e.g. O, NO, OH, that exist within the MLT is therefor¢yave integrated a 3.5 THz QCL structure into a miniature
essential in order to improve the validly and accuracy of relateglaveguide cavity and have, for a first time, measured the
climate models. This is best accomplished through thgimultaneous free-space signal emerging from each end of the
spaceborne deployment of high-resolution terahertz (THZgavity via two integrated diagonal feedhorn antennas.
heterodyne radiometers. However, in developing spaceborne
radiometers that must operate at frequencies in excess gf pescription of the QCL, waveguide and feedhorn structure
1 THz, and that are compliant with small satellites, critical
technical barriers need to be overcome. One of these is the The QCL usd in this system was based on a
stabilisation of the radiometer local oscillator (LO) source an@aAs/AlGaAs phononssisted “hybrid” design [1]. The
for which we describe here a notable technical advancement. active region of the device was grown using molecular-beam
epitaxy and processed into amirlong Au-Au ridge-
[I. QUANTUM CASCADE LASER AS ALOCAL OSCILLATOR waveguide structure, as described previously in[2]. The

The use of THz radiometry has been well demonstrated 4f'mounted device was found to operate in continuous-wave
frequencies below 1 THz. However, the development of spadéW) mode at heat-sink temperatures up to 86 K, with output
compliant systems operating in excess of this frequency (tHOWer in excess of 0.4 mW.
supra-THz range) challenges existing technology im tw  The waveguide cavity was machined with a cross-section
primary areas, viz. the heterodyne mixer &@ The former dimension of 0.16x0.0B%. Two identical diagonal
requires the fabrication of sensitive semi-conducting diodefeedhorns with an across-diagonal aperture of 1.56 xrir&6
that are able to respond to the applied supra-THz signal arghd a slant angle of 7.5°, were also machined along the signal



propagation direction of the waveguid&ias connection to the by the vacuum window. However, two bright central areas that
QCL was achieved through the use of a standard SMZAorrespond to the reflected output of each feedhorn are clearly
connector and a series of wire bonding steps that also includegparent, as are the predicted sidelobes. Comparison thus
a stage of heat sinking. Fig. 1a, shows the fabricated cavity anelveals a good degree of feature similarity and from this we
feedhorn structure with a QCL placed in the waveguide. surmise that the QCL signal is propagating in a fundamental

5 transverse electric (TE10) mode within the waveguide, i.e. the
same mode used to excite the feedhorn simulation model.
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Fig. 1: a) QCL, waveguide cavity and dual feedhstructure; b) QCL, 20 ’
feedhorn block and mirrors mounted on cold fingeinddw not shown.
Ill. EXPERIMENTAL SYSTEM AND METHOD a
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within its multilayer t_)andgap structure, the Q_CL must DeFig. 2: a) Simulated single 3.5 THz feedhorn pafte)nFirst measurement of
coolked to a low ambient temperature. To achieve this, thehe dual feedhorn QCL device at 3.5 THz. The se&enéin each case is 70x70

integrated QCL and feedhorn bloeks attached to the ‘cold ~ mn?. The power scale applies to both images.

finger’ of a Stirling cycle cooler and operated at ~60 K in a cw

mode Two plane mirrors inclined at 45° to the signal V. CONCLUSIONS

propagation axis were machined intogold-plated copper We have integrated a 3.5 THz QCL within a waveguide and

subcarrier and directed each feedhorn output through a singdedual diagonal feedhorn structure. This novel device is a first

supra-THz semi-transparent vacuum window. Figure 1b showsep towards the development of a future QCL frequency

the complete assembly mounted in the cooler. stabilisation system required for performing high-resolution

spectroscopic measurement of the Earthpper atmosphere

An unpolarised Golay detector [4] mounted on a two-from space. Simultaneous supra-THz emission from the dual

dimensional scanning system was used to measure the supieedhorns has been detected and the measured antenna patterns

THz emission intensity With the detector located show an excellent degree of correlation with a simulated single

approximately 70 mm away from the feedhorn apertures, andiagonal feedhorn antenn®Ve believe that this suggests a

thus in the antenna far-field, a series of discretely samplefdndamental propagation mode is present within the

intensity measurements were made in a rectangular coordinateveguide

reference plane orthogonal to the direction of signal

propagation. The Golay input signal entrance aperture was ACKNOWLEDGEMENTS
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