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THz and Millimeter-wave Light Generation and Detection
MWF 1:25-2:15
Textbook: “Terahertz Sensing Technology,” Woolard, Loerop, and Shur
Course Outline

I. Applications (partial).
A. Passive (thermal) imaging.
1. Blackbody emission vs. frequency.

2. Atmospheric transmission vs. frequency.

B. Active imaging at long distances.
1. RAdio Detection and Ranging (RADAR) principles.

2. Resolution vs. frequency.

C. Imaging through materials.

1. Optical scattering in dense materials vs. frequency.
2. Time-gating techniques for imaging through scatterers.

3. “T-ray” laser-pulse synchronized short distance imaging.

D. Ice detection.
1. Optical properties of liquid water and ice.

E. Vaporous chemical detection via spectroscopy.
1. Optical absorption via dipole rotation.
2. Optical absorption via dipole vibration.

3. Example of water vapor.

4. Catalog of molecular absorption lines.

II. Technology.
A. Antenna generation: generation of fast changing currents.
1. Theory of electronic oscillators.

i. Negative resistance oscillators.

x. Resonant tunneling diodes.

xi. Transit-time diodes.

j. Feedback oscillators.
x. High-speed HBT’s.

k. Current generation in ultrafast photoconductors.

B. Antenna detection: detection of fast changing currents.
1. Theory of nonlinear devices as AC-DC converters.
i. Schottky diode detector.

j. Superconducting (S) S-I-S detectors.

2.  Optical modulators as AC-DC converters.

C. Heat-to-DC detectors.

1. Bolometers.
2. Pyroelectric detectors.
D. Quantum detectors and emitters.

1. Low-frequency limits of direct-gap detectors.
2. Intersubband detectors and Quantum-cascade lasers.
3. Doping impurity detectors and emitters.
E. Why do Quantum devices need to be cooled and antenna devices do not?
