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Research Areas

Plasmonics and Metamaterials

Theoretical Optical and Atomic Physics
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Numerical Modeling
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Sensors and Device Design

Recent Research Activities

The following projects have been going on in collaboration with outside research groups as well as
graduate students here at PSU :

(1) Theoretical Studies of Plasmonics and Nano-Optics:

We have been studying the possibly novel optical properties of metallic nanoparticles and
nanoshells. These properties originated mainly from the localized collective excitation of the free
electrons at the particle surfaces (surface plasmon excitation). These excitations can lead to very
strong local evanescent fields which can be applied to various spectroscopy and sensor
technologies. Our interest is mainly in the possible quantum effect on these excitations as the
metallic structure gets to ultra-small sizes (below ~ 10 nm). While such dimensions are small
enough for one to start worrying about possible quantum effects, they still require huge amount of
computation starting with the Schrodinger equation for the system. To compromise, we have
adopted a phenomenological approach using the formulations from nonlocal optics. We have
also applied our results to study possible novel spectroscopic features such as those from surface
enhanced Raman scattering (SERS) from metallic nanoshells.

(i1) Surface Physics:

Besides nanostructures, our long-term effort has been devoted to the study of various optical
phenomena at metallic and semiconducting surfaces. Our main effort has been in the theoretical
modeling of various phenomena involving the interactions of light and admolecules/particles in
the vicinity of a solid surface. This ranges from laser-induced particle-removal from
contaminated semiconductor surfaces, to the application of surface plasmon resonance (SPR) to
the modification of molecular fluorescence and biosensing at metal surfaces. In particular, work
has been carried out in the modeling of SERS and fluorescence of molecules near complex
structures such as a sinusoidal grating or a microcavity made of multilayer structure. For the
latter system, we have developed a relatively powerful approach to the modeling of the
phenomena using the Green dyadic formulation.

For the research in SPR optical sensing which started in 1989 with the group from Amersham
International plc in England, we have been in collaboration lately with the research group at the
National Taiwan Ocean University in the exploration of various physical (optical) factors which
will enhance the sensitivity of the sensor. To this end, we have studied the technique via phase
measurements; the possible enhancement using a "particle (colloidal gold) linkage technique";
and the effects on the sensitivity due to the variation of temperatures in the sensing environment.



Other novel optical phenomena at metallic surfaces have also been studied from time to time. One
interesting discovery from our recent study is the possibility of observing very large backward
lateral displacement of the incident beam (known as negative Goos-Hanchen shift) at a vacuum-
metal interface (Pub. # 82). This effect has since been verified by experiments [see, Opt. Exp. 15,
15928 (2007)]. Possible application of this displacement to optical sensing was also explored
(Pub. #83).

Another collaboration took place in 1991 with the IBM (Almaden) group in the study of the laser
cleaning technique of contaminated surfaces. In this technique, a liquid layer (microns thick) is
deposited on the surface and exploded by the fast heating of an excimer laser pulse (~20 ns). This
project has since been completed by the IBM group, although we still keep our interest alive on
the study of optothermal effects from the interaction of a solid surface with a laser pulse.

(ii1) Interaction of Ionizing Charged Particles with Matter:

This was my original Ph.D. research area. One of our previous work on the correction of Bethe’s stopping
power theory (Pub. #34) has been cited to be significant in the comparison of theories with experiments [Phys.
Rev. A 46, 5761 (1992), Nucl. Instr. and Meth.in Phys.Res.B 107, 56 (1996), ibid 187, 285 (2002)]. We have
recently launched a project to improve our previous 1989 work. Our first step is to improve the relativistic
corrections on the Bethe sum rule which the 1989 theory applied (Pubs. # 58 and 79). The next step will
involve a generalization of the results to include exchange effects (according to the Pauli exclusion principle) so
that incident electrons can also be treated.

Significant Professional Development Activities

(1) Outstanding Referee, recognition from American Physical Society, 2012.
(2) Visiting Professor at National Taiwan Ocean University, 2008, 2009, 2010, 2011, 2012.
(3) Visiting Scholar at National Taiwan University, R. O. C.: summer, 2010; summer, 2011, summer, 2012.

(4) Fulbright Scholar and Visiting Professor at National Taiwan University, R. O. C. :
August 1, 2008 to July 31, 2009.

(5) National Research Council Panelist : March, 2001; March, 2002; March, 2003;
March, 2005; March 2006; March 2007; March 2008.

(6) Affiliate Staff Scientist at Pacific Northwest National Laboratories (PNNL), Washington :
December, 1994 — December 1997

(7) Visiting Lecturer at Tohuku University in Sendai, Japan : August 1 - 4, 1994

(8) Visiting Scholar at Academia Sinica of Taiwan, R. O. C. : July, 2014, August, 2013, September, 2003;
August, 2001; August, 2000; August 1, 1999 — March 31, 2000; July 16 - August 15, 1997; July 1 —
August 31, 1996; June 4 - 30, 1994

(9) Visiting Scientist at the IBM Almaden Research Center, California : June, 1991 - June,1992.

(10) Consultant to the Amersham International public limited company, Buckinghamshire, England :
May, 1989 - May 1992.



(11) Invited visitor to the Pollards Wood Laboratories, England - the central research facilities of

Amersham International plc : September, 1989.

(12) Invited speaker at the SPIE (Society of Photo-Optical Instrumentation Engineers) International

(1
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3)

“4)

)
(6)

(7

®)

©)

Conference in Los Angeles, California : January, 1989.

Grants, Fellowships, and Awards

Sigma Xi Outstanding Researcher Award, $500, 2014.

M.J.Murdock Charitable Trust Grant for proposal entitled " New directions in optical
research: Plasmonics with metallic nanoparticles and Metamaterials ", $15,000, 2014-16.

Research support for sabbatical leave at NTU from the National Research
Council of Taiwan, NTD 197,0000 (~ $66,000), 2008-09.

Fulbright Research Scholarship for studies in theoretical plasmonics, on my sabbatical
visit at National Taiwan University, NTD 400,000 (~ $13,500), 2008-09.

John Eliot Allen Outstanding Teaching Awards, $500, 2008.

Portland State University Faculty Enhancement Program for proposal entitled “Computational Studies of
the Quantum Effects in Plasmonics with Metallic Nanoparticles ”, $2,250, 2008-09.

Intel Corporation Research Grant for proposal entitled " Modeling Microscopic Optical Properties of
Nanostructures: Applied computational approach ", $50,000, 2005-06.

Portland State University Faculty Development Grant for proposal entitled “ Theoretical Studies of the
Optical Properties of Metallic Nanostructures 7, $2,700, 2005-06.

John Eliot Allen Outstanding Teaching Awards, $500, 2005.

(10) Portland State University Faculty Development Grant for proposal entitled “ Studies of the Theoretical

and Computational Aspects of Field Emission from Carbon Nanotubes 7, $7,614, 2002-03.

(11) John Eliot Allen Outstanding Teaching Awards, $500, 2002.

(12) M.J.Murdock Charitable Trust Grant for proposal entitled " Quantum Mechanics and Nanoparticle

Sciences", $14,000, 2001-03.

(13) Portland State University Faculty Development Grant for proposal entitled “ Proposed New Directions in

the of Research of Nano-particle Sciences ™, $2,250, 2000-01.

(14) John Eliot Allen Outstanding Teaching Awards, $400, 1999.

(15) Portland State University Faculty Development Grant for proposal entitled “ Studies of Energy-

Deposition from Particle Beams for Cancer Radiotherapy 7, $6,622, 1998-99.




(16) Portland State University Faculty Development Grant for proposal entitled * Studies of Photo-molecular
Processes at Structured Metal Surfaces ”, $2,500, 1997-98.

(17) Research Grant received from Oregon Medical Systems for proposal entitled “ Computational
Electrodynamic Modeling of a Cardiac Monitoring Device ”, $ 39,658, 1997.

(18) US Department of Energy Faculty Fellowship for research in “ Near Field Optics 7, $ 8,876, 1995.

(19) Portland State University Faculty Development Grant for proposal entitled “ Optimization of the
Laser Cleaning Technique for Treatment of Contaminated Surfaces ”, $2,250, 1994-95.

(20) IBM Equipment Grant for proposal entitled " Opto-thermal Processing at Solid Surfaces ", estimated
market value : $ 4,250, 1992.

(21) Portland State University Research and Scholarship Grant Program for proposal entitled " Optical
Biosensing and Opto-thermal Processing at Solid Surfaces ", $4,000, 1992-1993.

(22) Portland State University Outstanding Junior Faculty Award for proposal entitled " Optical Biosensing
and Opto-thermal Processing at Solid Surfaces ", $4,000, 1992-1993.

(23) IBM Visiting Scientist Fellowship, ($64,000 + $5,000 allowance), 1991-1992, to perform research in "
Laser Cleaning of Surfaces " at the Almaden Research Center.

(24) Award of a complete set of computation equipment (valued at $ 7,000) by Amersham International plc
(1989) for the joint venture in research and development of " the Surface Plasmon based Biosensor ".

(25) Portland State University Research and Publications Committee for proposal entitled " Investigation of
Possible Novel Photophysical and Photochemical Processes at Corrugated Metal Surfaces and Thin Films
" $700, 1990-1991.
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