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Magneto-Optical Spectroscopy of Semiconductors Using Terahertz Quantum Cascade L asers
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We have used quantum-cascade lasers operating at 4.7 THz, 3.5 THz, and 2.3 THz to perform THz magneto-
optical studies of semiconductors. We observed cyclotron resonance in InAs and InSb quantum wells from
liquid-helium temperatures to room temperature. This represents the first spectroscopic application of THz
guantum-cascade lasers. Results show that these compact lasers are convenient and reliable sources with
adequate power and stability for this type of far-infrared magneto-optical study of solids. Their compactness
promises interesting future applications in solid-state spectroscopy. As an example, the development of an
ultracompact optically-detected THz resonance spectroscopy system will be described.
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Fig. 1 Cyclotron resonance spectrafor InAS/AlSh quantum
wells at various temperatures (60-300 K), taken with
a4.7 THz quantum cascade | aser.
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Fig. 2 (a) Resonancefield asafunction of photon frequency
at 1.5 K for the INAS/AISb quantum wells. The
straight line has a slope of 1.51 T/THz, correspond-
ing to an effective mass of 0.042 m0. (b) Cyclotron
mass versus temperature at 4.7 THz for the InAg/
AlSb quantum wells. The experimental mass (tri-
angles) increases with increasing temperature,
whereas the theoretical masses (open and filled
circles) for two possible CR transitions show the
opposite behavior.
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Fig. 3 Transmission as a function of magnetic field of an
InSb/A10.09In0.91Sb quantum well. The QCL’s
wavelength is 64 um (4.7 THz), and the sample tem-
peratureis 1.5 K.
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Fig. 4 (left) THz quantum cascade laser mounted on the
bottom of the sample holder in a superconducting
magnet. (right) Optical fiber touching the sample
for maximum PL excitation/collection efficiency,
together with electrical contactsfor performing mag-
neto-transport experiments.
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