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Section 2:

Introduction

Terahertz (THz) radiation lies between the microwave and the infrared parts of the electromagnetic spectrum.  It forms the boundary between high-speed electronics and optics.  This spectral region offers enormous potential for applications including medical imaging, secure communications and the detection of explosives and chemical/biological agents.  However, progress in developing these applications has been hindered by the lack of viable THz sources and detectors as well as by numerous engineering issues.  In the past decade, progress has been made in these areas and now new applications are beginning to be explored.  Although much of this research and development work has been done in academia, start-up companies are beginning to emerge to take advantage of the potential business opportunity.  Because of the commercial pressures on these companies, they have an enormous incentive to transition this technology from the laboratory to the market and so offer a unique perspective on the state-of-the-art in the field and on where additional work will be required if THz technology is to fully realize its potential.  Thus, ONRG felt that the private sector's view of THz technology would be extremely valuable.

TeraView Ltd., based in Cambridge UK, is one of the first companies set up to commercially exploit THz radiation.  The company was spun-out of Toshiba Research Europe in April 2001 to make use of the intellectual property and expertise developed at Cambridge University in sourcing and detecting THz radiation.  A number of UK-based venture capital investors, including TTPVentures, Cambridge Gateway, Quester, Cambridge Research Innovations, the University of Cambridge and Trinity College, have made investments in TeraView.  Toshiba has retained a minority stake in the new company, and the company has a strategic partnering agreement with Coherent Inc, a leading U.S. laser manufacturing company.  TeraView has identified the following target markets for the technology: security and contraband detection, medical imaging, and drug discovery and formulation.

 Representatives of ONRG met with Dr. Donald Arnone, Chief Executive Officer, and Dr. Mike Kemp, Vice President, Business Development, to discuss the company and their view of the current state-of-the-art in THz technology and where they believe additional work will be required.  The discussions focused mainly on security applications.
Section 3:

Overview of Trip

Although there are numerous techniques available for security screening, detecting non-metallic weapons, explosive materials and chemical/biological threats remains an important challenge.  According to TeraView, THz radiation may offer an important tool in the fight against terrorism because of its unique properties:

· Materials reflect and absorb THz radiation differently than they do optical or x-ray frequencies.  Thus, clothing, paper, etc. are effectively transparent while plastic and ceramic objects are opaque in the THz frequency range.

· The femtosecond pulses used in pulsed THz sources and detectors make 3-D imaging possible.

· It is possible to collect both imaging data and spectroscopic data using THz radiation.  This allows specific signatures of different chemicals to be detected.

· THz radiation is non-ionizing radiation that can be used at very low power levels.

To exploit these properties, TeraView has developed a THz spectral imaging technique, called Terahertz Pulse Imaging (TPITM), that operates in the frequency range of 0.1 THz to 10 THz (M. C. Kemp, et. al., SPIE Aerosense Technologies and Systems for Aerospace and Defense, 5070-6, April 2002).  Theory predicts that long-chain molecules, such as DNA, absorb THz radiation because the radiation excites vibrational modes in the chain.  Thus, the TeraView system provides spectroscopic information as well as image contrast.  The system uses a pulsed optoelectronic source and a typical electro-optic modulation/sampling technique for detection.  The spatial resolution of the system is diffraction limited with a lateral resolution of 350 μm and a depth resolution of 20 - 40 μm.  The depth resolution is determined by the 0.5 ps time resolution of the system.

Using this system, TeraView has carried out a number of proof-of-principle experiments designed to determine how THz radiation may be used in security applications.  This effort involved:

· Determining whether THz imaging can be used to detect metallic and non-metallic objects hidden under multiple layers of clothing.  The results showed that a variety of natural and synthetic materials are transparent at THz frequencies.

· Determining whether THz imaging can be used to read handwritten and/or laser printed characters inside a regular white paper envelope.  The results showed that the images of each separate sheet within the envelope and the characters written on them could be clearly resolved.

· Determining whether THz spectroscopy can be used to detect explosives.  TeraView examined the absorption spectrum of several explosives, including TNT, HMX, PETN, RDX, PE4 and Semtex H and found that each of these materials have a distinct spectrum.

· Determining whether THz spectroscopy can be used to identify and detect the difference between different powdered chemical and biological substances.  In these experiments TeraView examined the spectra of powdered glucose, flour and glutamic acid (an amino acid) and again found very distinct differences in absorption and spectral lines.

Other groups have also looked at a large variety of biological materials, including DNA, proteins and bacterial spores, and found that they have measurable and repeatable absorption spectra in the THz frequency range.  This work currently focuses on measuring absorption spectra and developing compact and reliable spectrometers for these applications.  Dr. D. Woolard at the U.S. Army Research Office is supporting much of this research.
Section 4:

Summary

The experiments carried out at TeraView suggest that THz radiation may find application in a variety of areas involving security screening, explosives detection and the detection and identification of chemical and/or biological materials.   However, the technique will only be useful if it is engineered to the point where systems can be deployed and maintained under operational conditions.  This in turn will require additional work on more powerful THz sources, on the development of 2-D detector arrays and on engineering developments to make systems smaller, faster and less expensive.
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