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CVD Chemical Vapor Deposition
CW THz Continous Wave THz
E-O Electro—Optical
LO Longitudinal Optical
LT-GaAs Low Temperature GaAs
MBE Molecular Beam Epitaxy
MOPA Master Oscillator and Power Amplifier
p-i—n Positive-Intrinsic—Negative
THz-TDS  THz Time Domain Spectroscopy
THz Terahertz
1 &£ d

[1] D.H. Auston, K.P. Cheung, and P.R. Smith, “Pico—
second Photoconducting Hertzian Dipoles,” Appl.
Phys. Lett., Vol.45, 1984, p.284.

M. Tani, S. Matsuura, K. Sakai, and S. Nakashima,

“Emission Characteristics of Photoconductive An-

—
)
[l

tennas Based on Low-temperature-grown GaAs
and Semi-insulating GaAs,” Appl. Opt., Vol.36, 1997,
p.7853.

G. Gupta, J.F. Whitaker, and G.A. Mourou, “Ul-

trafast Carrier Dynamics in 1lI-V Semiconductors

w

Grown by Molecular-beam Epitaxy at Very Low
Substrate Temperatures,” /EEE J. Quantum Elec—
tron., Vol.28, 1992, p.2464.

D. You, RR. Jones, P.H. Bucksbaum, and D.R.

Dykaar, “Generation of High—-power Sub-single-

N

cycle 500-fs Electromagnetic Pulses,” Opt. Lett,
Vol.18, 1993, p.290.
X.C. Zhang, B.B. Hu, J.T. Darrow, and D.H. Auston,

“Generation of Femtosecond Electromagnetic Pul-

—
(@]
=

ses from Semiconductor Surfaces,” Appl Phys.
Lett., Vol.56, 1990, p.1011.

[6] P. Gu, M. Tani, K. Sakai, and T.R. Yang, “Detection
of Terahertz Radiation from Longitudinal Optical
Phonon—plasmon Coupling Modes in InSb Film Us—
ing an Ul-trabroadband Photoconductive Antenna,”
Appl. Phys. Lett., Vol.77, 2000, p.1798.

[7] N. Sarukura, H. Ohtake, S. Izumida, and Z. Liu,
“High Average—-power THz Radiation from Fem-—

tosecond Laser—irradiated InAs in a Magnetic

Field and Its Elliptical Polarization Characteris—
tics,” J. Appl. Phys., Vol.84, 1998, p.654.

H.G. Roskos, M.C. Nuss, J. Shah, K. Leo, K.A.B.
Miller, AM. Fox, S. Schmitt-Rink, and K. Koehler,

“Coherent Submillimeter-wave Emission from

—
o]
[

Charge Oscillations in a Double-well Potential,”
Phys. Rev. Lett., 1992, Vol.68, p.2216.

[9] P.CM. Planken, “Terahertz Emission in Single

—

Quantum Wells after Coherent Optical Excitation
of Light Hole and Heavy Hole Excitons,” Phys.
Rev. Lett.,, Vol.69, 1992, p.3800.

[10] C. Waschke, H.G. Roskos, R. Schwedler, K. Leo, H.
Kurz, and K. Koehler, “Coherent Submillimeter—
wave Emission from Bloch Oscillations in a Semi—
conductor Superlattice,” Phys. Rev. Lett., Vol.70,
1993, p.33109.

[11]1 D.H. Auston, K.P. Ceung, J.A. Valdmanis, and D.A.
Kleinman, “Cherenkov Radiation from Femtosec—
ond Optical Pulses in Electro-Optic Media,” Phys.
Rev. Lett., Vol.53, 1984, p.1555.

[12] B.B. Hu, X.C. Zhang, K.H. Auston, and P.R. Smith,
“Free-space Radiation from Electro-optic Crys—
tals,” Appl Phys. Lett., Vol.56, 1990, p.1506.

[13] Y. Hokomoto, Y. Kadoya, and M. Yamanishi, “THz
Electromagnetic Wave Radiation from Coherent
Oscillation of Exciton Population in High-Q Semi-
conductor Microcavities,” Appl. Phys. Lett., Vol.74,
1999, p.3839.

[14] Q. Wu, M. Litz, and X.C. Zhang, “Broadband De-
tection Capability of ZnTe Electro-optic Field De—
tectors,” Appl. Phys. Lett., Vol.68, 1996, p.2924.

[15] S.E. Ralph and D. Grishkowsky, “THz Spectros—
copy and Source Characterization by Optoelec—
tronic Interferometry,” Appl Phys. Lett., Vol.60,
1992, p.1070.

[16]1 D.H. Martin and E. Puplett, “Polarised Interfer—
ometric Spectrometry for the Millimetre and Sub—
millimetre Spectrum,” Infrared Phys., Vol.10, 1970,
p.105.

[17] R. Huber, A. Brodschelm, F. Tauser, and A. Le-
iten—storfer, “Generation and Field-resolved De-
tection of Femtosecond Electromagnetic Pulses
Tunable Up to 41THz,” Appl Phys. Lett., Vol.76,
2000, p.3191.

[18] A. Leitenstorfer, S. Humsche, J. Shah, M.C. Nuss,
and W.H. Knox, “Detectors and Sources for Ul-

127




TXESASSFEA X218 M4S 2006 82

g

trabroad-band Electro—-optic Sampling: Experiment
and Theory,” Appl. Phys. Lett, Vol.74, 1999, p.1516.

[19] RH. Jacobsen, D.M. Mittleman, and M.C. Nuss,
“Chemical Recognition of Gases and Gas Mixtures
with Terahertz Waves,” Opt. Lett., Vol.21, 1996,
p.2011.

[20] R.A. Cheville and D. Grischkowsky, “Far-infrared
Terahertz Time-Domain Spectroscopy of Flames,”
Opt. Lett., Vol.20, 1995, p.1646.

[21] C. Ronne, P.O. Astrand, and S.R. Keiding, “THz
Spectroscopy of Liquid H20 and D20,” Phys. Rev.
Lett., Vol.82, 1996, p.2888.

[22] C. Ludwig, T. Sekinger, J. Kuhl, M. Tani, K. Sakai,
M. Hangyo, S. Miyazawa, and M. Mukaide, “Elec—
trodynamic c—Axis Properties of YBa2Cu307 -
Thin Films in the THz Frequency Regime,”
Physica Stat. Solidi B. Basic Research, Vol.213,
1999, p.405.

[23] M. Tani, R. Fukasawa, H. Abe, S. Matsuura, K. Sa—
kai, and S. Nakashima, “Terahertz Radiation from
Coherent Phonons Excited in Semiconductors,” J.
Appl. Phys., Vol.83, 1998, p.2473.

[24] A. Leitenstorfer, S. Hunsche, J. Shah, M.C. Nuss,
and W.H. Knox, “Femtosecond Charge Transport
in Polar Semiconductors,” Phys. Rev. Lett., Vol.82,
1999, p.5140.

[25] A.G. Markelz, A. Roitberg, and E.J. Heilwelil,
“Pulsed Terahertz Spectroscopy of DNA, Bovine
Serum Albumin and Collagen between 0.1 and
2.0THz,” Chem. Phys. Lett., Vol.320, 2000, p.42.

[26] D.D. Arnone et al., “Applications of Terahertz(THz)
Technology to Medical Imaging,” Proc. SPIE, Vol.
3828, 1999, p.209.

[27] B.B. Hu and M.C. Nuss, “Imaging with Terahertz
Waves,” Opt. Lett., Vol.20, 1995, p.1716.

[28]1 D.M. Mittleman, J. Cunningham, and M.C. Nuss,
“Imaging with Terahertz Waves,” Appl. Phys. Lett.,
Vol.71, 1997, p.161.

[29] Q. Wu, T.D. Hewitt, and X.C. Zhang, “Two-
dimensional Electro—-optic Imaging of THz Beams,”
Appl. Phys. Lett., Vol.69, 1996, p.1026.

[30] D.M. Mittleman, S. Hunsche, L. Boivin, and M.C.
Nuss, “T-ray Tomography,” Opt. Lett, Vol.22, 1997,
p.904.

[31] C.M. Ciesla, D.D. Arnone, A. Corchia, D. Crawley,
C. Longbottom, E.H. Linfield, and M. Papper,
“Biomedical Applications of Terahertz Pulse Imag—
ing,” Proc. SPIE, Commercial and Biomedical Ap—
plications of Ultrafast Lasers I, Vol.3934, San
Jose, 2000, p.73.

[32] R.A. Cheville and D. Grischkowsky, “Time Domain
Terahertz Impulse Ranging Studies,” Appl FPhys.
Lett., Vol.67, 1995, p.1960.

[33] E.R. Brown, K.A. MclIntosh, K.B. Nichols, and C.L.
Dennis, “Photomixing Up to 3.8THz in Low—tem-
perature—grown GaAs,” Appl Phys. Lett., Vol.66,
1995, p.285.

[34] S. Verghese, KA. McIntosh, and E.R. Brown, “Op-
tical and Terahertz Power Limits in the Low—tem-
perature—grown GaAs Photomixers,” Appl. Phys.
Lett., Vol.71, 1997, p.2743.

[35] S. Matsuura, M. Tani, H. Abe, K. Sakai, H. Ozeki,
and S. Saito, “High—-Resolution Terahertz Spec-
troscopy by a Compact Radiation Source Based on
Photomixing with Diode Lasers in a Photoconduc—
tive Antenna,” J. Mol Spectrosc., Vol.187, 1998,
p.97.

128




	I. 서론
	II. 펨토초 레이저 여기에 의한 THz 펄스파의 발생
	III. THz 펄스파의 검출
	IV. THz 펄스파의 응용
	V. Photomixing에 의한 연속 THz파의 발생
	VI. 결론
	참고문헌

