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Abstract—This paper presents heterodyne mixer measure-
ments at 2.9 THz using quantum cascade lasers (QCLs) as
sources. The linewidth of the laser was explored by biasing it
to run in dual mode operation and observing the linewidth of
the beat note. In addition the frequency of the QCL is determined
by beating it against a deuterated methanol line from a molecular
gas laser.

I. INTRODUCTION

Terahertz heterodyne receivers using Schottky diode mixers
are desirable because they require no cryogenic cooling, have
intermediate frequency (IF) bandwidths ≥ 20 GHz, and can
deliver usefully low noise performance. However, to minimize
noise temperature, Schottky receivers in the THz range require
at least several milliwatts of local oscillator (LO) power. For
this reason, the most common THz LO source for Schottky
receivers is the molecular gas laser. Of clear interest is the
possibility of replacing the molecular gas laser with a solid-
state THz LO source capable of pumping a Schottky mixer.
To date the only solid-state source capable of producing > 1
mW of continuous wave power above ∼ 2 THz is the quantum
cascade laser (QCL). THz QCLs have been shown to work
as LO sources for superconducting HEB mixers [1], which
require significantly less LO power than Schottky mixers.
Frequency down-conversion has also been accomplished using
two QCL lines and a point-contact Schottky diode. [2]

II. MIXER DETAILS

We have investigated the operation of a monolithic planar
Schottky diode receiver using a THz QCL. The Schottky mixer
consists of a Ti/Pt/Au anode contacting a GaAs membrane and
is packaged into a waveguide block with a horn antenna. The
details of the receiver are described in Refs. [3] and [4] . At
2.5 THz the noise temperature of the fully packaged receiver
was measured to be 11,000 K using a standard 300 K / 77 K
Y-factor measurement and approximately 5 mW of LO power
from a methanol line from a molecular gas laser. The design
of the antenna and receiver block was optimized for 2.5 THz,
but good responsivity and measurable noise temperature were
obtained up to 3.1 THz.

III. THZ MIXER MEASUREMENTS

Using the 2.9 THz deuterated methanol line from a molecu-
lar gas laser as the LO, the receiver showed noise temperature
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Fig. 1. Beat note of from output of a Fabry-Perot THz QCL laser biased
to obtain two laser modes. A linewidth of less than 10 kHz was observed for
the beat note from the free running laser.

∼ 20,000 K using 6 mW of LO power in a standard Y-factor
measurement. This receiver has been operated with both a
2.92 THz plasmon-guided QCL and a 2.97 THz distributed-
Bragg-reflector (DBR) QCL. In both cases, the QCLs coupled
insufficient LO power to the receiver to observe a measurable
difference between 300 K and 77 K thermal load signals in
a Y-factor measurement. However, difference-frequency gen-
eration by both dual-mode mixing and mixing against known
molecular laser lines have been measured using these QCLs.
When the 2.92 THz QCL was driven past a threshold bias, its
output split into two Fabry-Perot modes that generated a 12.8
GHz IF signal in the receiver as seen in Fig. 1. The width of
this difference-frequency signal indicated that the linewidth of
the free-running QCL was ≤ 10 kHz. Differential frequency
stability between these modes was observed to be very good,
but no information was obtained about common-mode or
absolute frequency stability in this measurement. In addition,
the frequencies of both QCLs were accurately determined via
difference frequency generation against standard 2.907 and
2.95 THz deuterated methanol molecular gas lines. The 2.97
THz DBR QCL always showed single-mode behavior, while
the 2.92 THz QCL, in pulsed operation, showed single mode
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behavior at low powers and a complicated set of distinct lines
spaced a few MHz apart when run above a certain power
as shown in Figs. 2 and 3 respectively. The complicated IF
spectra of Fig. 3 were usually observed right after the laser
was turned on and had not yet heated up to a stable running
temperature. After ∼ 1 min. of operation, the average power
level dropped to a steady state (presumably after the device
temperature stabilized) and the IF spectrum simplified to a
single line.
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Fig. 2. Beat note of from free running Fabry-Perot laser running single mode
against 2.9072 THz deuterated methanol line.
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Fig. 3. Beat note of from free running Fabry-Perot laser running against
2.9072 THz deuterated methanol line with laser running at high power with
multiple modes

Sandia is a multiprogram laboratory operated by Sandia
Corporation, a Lockheed Martin Company, for the United
States Department of Energy’s National Nuclear Security
Administration under contract DE-AC04-94AL85000.

REFERENCES

[1] H. W. Hubers, S. G. Pavlov, A. D. Semenov, R. Kohler, L. Mahler,
A. Tredicucci, H. E. Beere, D. A. Ritchie, and E. H. Linfield, “Terahertz

quantum cascade laser as local oscillator in a heterodyne receiver,” Opt.
Exp., vol. 13, no. 15, pp. 5890-5896, Jul 2005.

[2] S. Barbieri, J. Alton, H. E. Beere, E. H. Linfield, D. A. Ritchie,
S. Withington, G. Scalari, L. Ajili, and J. Faist, “Heterodyne mixing of
two far-infrared quantum cascade lasers by use of a point-contact schottky
diode,” Opt. Lett., vol. 29, no. 14, pp. 1632-1634, Jul 2004.

[3] P. H. Siegel, R. P. Smith, M. C. Gaidis, and S. C. Martin, “2.5-thz gaas
monolithic membrane-diode mixer.” IEEE Trans. Microwave Theory and
Techniques, vol. 47, no. 5, pp. 596-604, 1999.

[4] M. C. Gaidis, H. M. Pickett, C. D. Smith, S. C. Martin, R. P. Smith, and
P. H. Siegel, “A 2.5-thz receiver front end for spaceborne applications.”
IEEE Trans. Microwave Theory and Techniques, vol. 48, no. 4, pp. 733-
739, Apr 2000.


