
� 27 �	� 1 � � � 11y�Zd� 1672-8785(2006)01-0011-05��#����� ����",~O
�J
(Bn��Xwo w!	Bn 210094)��~�%KPF>�\(�2U?Ct:�H
����A\(��{�B��sZ=���f�WA\(����M�^�2U�/�t:�i����5LA7F>\(���g_Æk�-94��<T'`o�yq'Mg0I[1!{�B��t:6�'Ænt:Æ$�bg_�\(���*b\(� TDS \(�Æk�w`k� O434.3 x{[rm� A

Recent Development of Terahertz Technology

and Its Applications

HU Yong-sheng � CHEN Qian

(Nanjing Univ. of Sci. & Tech., Nanjing 210094, China)

Abstract: Reflecting the flourishing development of terahertz theoretical research in the past decade,

the domain of terahertz applications is extending rapidly. This paper briefly summarizes the current

techniques used to generate and detect terahertz wave. Recent development and latest effort of terahertz

technology in object imaging, environment inspecting, military and communication, medicine and biology

and other applications are mainly presented.
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12 � � 2006 � 1 !�nSF�V'0&dXy�|�℄*E����g	>�(V 2.7kW�K(�GH 0.1THz
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4 �>Z0&2GJ',5QM�!�x�!X�Æ�"����{udUz,5QgCL�)2�F��{u}.�!�g0)2�|�'zJkd�n �<{u) (RIKEN) �EH�g,5QM�gH�`$Ei;�,&2E&+Bkd�℄Q}.�,5Q℄��nS

4�� THz F�V�,5Q�Rv2,5Q�O�vEai{u [43] �'&C�,5Q{u����GWgH��E&�v gO�)2z)EU9�jTM�{u)�z)��O�{u)��t��WvO�Ui{uD�',5Q℄�!�}.��W�+I2℄E�,5Q�|MB�kq 21 �R	�,5Q,g>�2/8M�ef�<Opk.�,5Q�vM�kq�T%�.�S�WH��x�!���Zqghlv��'�	�[g^�,5QM�^2nQ,RgT*,x�}��m�g~��AY��g�_�℄jx{
[1] Ken Suto, Jun-ichi Nishizawa. Developments of Ter-

ahertz Wave Generation Technologies [C]. Proc. of

SPIE. 2004, Vol.5401: 311–319.

[2] Charles A. Schmuttenmaer. Exploring Dynamics

in the Far-Infrared with Terahertz Spectroscopy [J].

Chem. Rev.2004, 104: 1759–1779.

[3] Van der Weide D W, Murakowski J, Keilmann F.

IEEE Trans. Microwave Theory Tech. 2002, 48: 740.

[4] Neil, George R., Carr, G.L., et al. Production of high

power femtosecond terahertz radiation [J]. Nuclear

Instruments and Methods in Physics Research Sec-

tion A: Accelerators, Spectrometers, Detectors and

Associated Equipment. 2003, 507: 537–540.

[5] Neil, George R., Williams, G.P. Evolution of the high

power THz source program at Jefferson Lab [J]. In-

frared Physics and Technology. 2004. 45: 389–391.

[6] E. A. Antokhin, R. R. Akberdin, V.S. Arbuzov, et

al. Probl. At. Sci. Technol. 2004, 3.

[7] M. A. Piestrup, R. N. Fleming, R. H. Pantell. Con-

tinuous tunable submillimeter wave source [J]. Appl.

Phys. Lett. 1975, 26: 418.

[8] Kodo Kawase, Jun-ichi Shikata, Hiromasa Ito. Tera-

hertz wave parametric source [J]. Appl. Phys. Lett.

2001, 34: 1–14.

[9] W. Shi, Y. J. DIng, N. Fernelius, and K. Vodopy-

anov. OPt. Lett. 2002, 27: 1454.

[10] W. Shi, Yujie J. Ding. Appl. Phys. Lett. 2003, 83:

848.

[11] F. Kazarinov und R. A. Suris. Possibility of the Am-

plification of Electromagnetic Waves in a Semicon-

ductor with a Superlattice [J]. Sov. Phys. Semicond.

19715, 5: 707.

Infrared (monthly) / Vol.27, No.1, Jan 2006



� 27 �	� 1 � � � 15

[12] R. Kohler, A. Tridicucci, F.Beltram, et al. Nature.

2002, 417: 156.

[13] M. Rochat, L. Ajili, H. Willenberg, et al. Appl.

Phys. Lett., 2002, 81: 1381.

[14] B. S. Williams, H. Callebaut, S. Kumar, et al. Phys.

Lett. 2003, 82: 1015.

[15] B. S. Williams, S. Kumar, et al. Terahertz quantum-

cascade laser operating up to 137 K [J]. Appl. Phys.

Lett. 2003, 83: 5142–5144.

[16] S. Kumar, B. S. Williams, et al. Continuous-wave

operation of terahertz quantum cascade lasers above

liquid-nitrogen [J]. Appl. Phys. Lett. 2004, 84:

2494–2496.

[17] Fattinger Ch, Grischkowsky D. Appl. Phys. Lett.

1988, 53: 1480.

[18] M. C. Nuss, J. Orenstein. Terahertz time-domain

spectroscopy. Millimeter-Wave Spectroscopy of

Solid. ser. Springer Topics in Applied Physics.

Springer, 1998: 74.

[19] Clery D. Brainstorming their way to an imaging rev-

olution [J]. Science. 2002, 297: 761–763.

[20] Zimdar D. Fiber-pigtailed terahertz time domain

spectroscopy instrumentation for package inspection

and security imaging [C]. Proc. of SPIE. 2004, 5070:

108–116.

[21] Cook DJ, Decker BK, Dadusc G, et al. Through

container THz sensing: applications for explosives

screening [C]. Proc. of SPIE. 2004, 5354: 55–62.

[22] Woodward R M, et al. IEEE J. Sel. Top. Quantum

Electron. 2001, 7: 600.

[23] van Exter M, Grischkowsky D. IEEE Trans. Mi-

crowave Theory Tech. 1990, 38: 1684.

[24] Kaindl R A, et al. Phys. Rev. Lett. 2002, 88:

027003.

[25] Yuan, T., Xu, J.Z., Zhang, X.-C. Development of

terahertz wave microscopes [J]. Infrared Physics and

Technology. 2004, 45: 417–425.

[26] O. Mitrofanov, I. Brener, M.C. Wanke, et al. Appl.

Phys. Lett. 2000, 77: 591–593..

[27] Masatsugu Yamashita, Kodo Kawase and Chiko

Otani. Optical Society of America. 2005, 13: 115–

120.

[28] David Zimdars, Jeffrey S. White. Terahertz reflec-

tion imaging for package and personnel inspection

[C]. Proc. of SPIE. 2004, 5411: 78–83.

[29] Ruth M. Woodward, Roger Appleby. Terahertz and

millimetre wave technology in port and harbour se-

curity [C]. Proc. of SPIE. 2005, 5780: 145–152.

[30] Hua Zhong, Nick Karpowicz, et al. Terahertz Wave

Imaging for Landmine Detection [C]. Proc. of SPIE.

2004, 5411: 33–44.

[31] Yunqing Chen, Haibo Liu, et al. Spectroscopic char-

acterization of explosives in the far infrared region

[C]. Proc. of SPIE. 2004, 5411: 1–8.

[32] D. Woolard, T. Globus, et al. THz Transmission

Spectroscopy as a Novel Technique for Biological

Agent Detection [C]. Proceedings to the 9th Interna-

tional Conference on Terhertz Electronics, The Uni-

versity of Virginia, Charlottesville, VA, Oct.15–16

(2001).

[33] Mike Gross, Nicholas Cunningham, et al. Bioaerosol

Sampling System with Replicated Optics [C]. Proc.

of SPIE. 2004, 5411: 136–149.

[34] E. N. Grossman, A.Luukanen, et al. Terahertz Ac-

tive Detection Imagers [C]. Proc. of SPIE. Tera-

hertz for Millitary and Security Applications II. 2004,

5411: 68–77.

[35] Ferguson B, Wang S H, Gray D, et al. Tray com-

puted tomography [J]. Optics Letters. 2002, 27:

1312–1314..

[36] Weiwei Yue, Weining Wang, et al. THz Pulse Spec-

troscopy of Biological Molecules [C]. Proc. of SPIE.

2005, 5640: 568–578.

[37] A. G. Markelz, A. Roitberg, et al. Chem. Phys.

Lett. 2000, 320: 42–48.

[38] Torosyan G., Nerkarayan K., et al. Apptication

of narrow band tunable THz-radiation for biomed-

ical sensing [A]. Annual International Conference

of the IEEE Engineering in Medicine and Biology-

proceeding [C]. 2002, 3: 2335–2336.
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