Resume: A. F. Garito

Part I: Data


Dr. Garito is a Term Chair Professor of Physics Emeritus at the University of Pennsylvania and Adjunct Professor of Optical Sciences at the University of Arizona while serving as Chairman, CTO, and Founder of Photon-X.  He has long been a highly recognized leader in investigating photonics and nonlinear optics of organic and polymer structures. His numerous discoveries have signaled major advances in photonics, and he is widely viewed as a principal founder of his field in organic and polymer materials. He has published over 275 papers and holds over two dozen US patents. He is highly regarded for supporting and advancing the photonics field in physics and engineering by his organizing and chairing national and international conferences; editing books and new journals; and consulting to government and industry in the US, Japan, and Europe. Most notable in his numerous international efforts in promoting his field of study, he was the first Western scientist to head a major research laboratory in Japan. In recognition of his many contributions to the study of physics, he was elected Fellow of the American Physical Society. 


After graduating from Columbia University, he received his Ph.D. from the University of Pennsylvania in 1968, and then held the following academic positions: ARPA Research Post Doctoral Fellow, University of Pennsylvania, 1968-70. Assistant Professor of Physics, University of Pennsylvania, 1970-73. Associate Professor of Physics, University of Pennsylvania, 1973-76. Full Professor of Physics, University of Pennsylvania, 1976-present, Adjunct Professor of Optical Sciences of the University of Arizona, 1998-present. National Academy Exchange Scholar, US-USSR 1977. Visiting Professor, University of Paris, Orsay, 1978. Visiting Distinguished Professor, Institute for Physical and Chemical Research, Tokyo, 1985-1990. Laboratory Head, Frontier Research Program, Japan, 1985-1990. Distinguished Visiting Scholar, University of Leuven, Belgium, 1993. 


At the same time, he has held the following professional positions: Advisory Committee, Conference on Magnetism and Magnetic Materials, 1972. Consultant, Pennwalt Chemical Co., 1972-76. Consultant, DuPont Co., 1973-83. Organizing Committee, Lake Arrowhead Conference on One Dimensional Organic and Inorganic Conductors, 1974. Advisory Committee, Materials Research Council of Advanced Research Projects Agency, July 1976. Advisory Panel, US Energy Research and Development Agency, March 1977. Consultant, Rohm and Haas Corp. 1980-82. Consultant, American Telephone and Telegraph, 1982-84. Consultant, TRW 1982-83. Consultant, U.S. Dept. of Defense 1982-84. Consultant, Hoechst-Celanese Corp., 1983-1989. Scientific Advisory Board, Hoechst-Celanese Corp., 1984-90. Co-chairman, Nonlinear Optical Materials, SPIE Annual Conference, 1986-1990. Editorial Advisory Board, Nonlinear Optics, Gordon-Breach, 1987-present. Consultant, Lockheed Corp., 1984-1990. Consultant, ROITechnologies, 1989-1994. Co-chairman, Materials Research Society Symposium 1991 and 1993. Consultant, ENIChem America 1990-94. Member, Nonlinear Optics Committee, QELS, 1993. Organizing Committee, Annual Meeting of Optical Society of America, 1993-1996. Chairman, Nonlinear Optics Committee, IQEC, 1994. Organizing Committee, International Conference on Organic Nonlinear Optics, 1994-1998. SPIE Organizing Committee, 1998-2000. 
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Part II: Narrative 

After having founded the field of one dimensional (1D) organic and polymer conductors and laying out design rules for the 1D structures Accnts. Chem. Res. (1973), he established in 1974 under DARPA sponsorship the first academic research effort for the study of the nonlinear optical and electrooptic properties of organic and polymeric structures.  In a series of pioneering studies beginning in the late 1970s, he discovered the quantum mechanical origin of exceptionally large second order optical properties of conjugated organic structures such as second harmonic generation and linear electrooptic effect.  The work in Phys. Rev. A 20, 1179 (1979) presented the first detailed theoretical analysis of the second order optical susceptibility and charge-correlated electron states in the fundamentally important case of p-nitroaniline (PNA).  These results were confirmed in a series of experimental studies, most notably in Phys. Rev. Lett. 50, 350 (1983) which presented the first measurements of the frequency dependence (dispersion) of the microscopic second order optical susceptibility of a material structure.  The results of the work of this time period established the theoretical and experimental basis and methodology for studying and understanding second order optical properties in the field of nonlinear optics, which remains to the present day. 


In the mid-1980s, with the fundamental understanding successfully established for second order optical properties, he turned next to poorly understood third order optical properties of organic and polymeric structures.  The theoretical work in Phys. Rev. Rapid Comm. B38, 1573 (1988) reported the discovery of the microscopic many-body origin of the third order optical properties of electron conjugated linear chains and polymers as arising from previously unknown, energetically high lying two-photon electron states. This work showed these two-photon states are a direct result of electron correlation effects that are pronounced in the one dimensional electronic structures and, for the first time, account for not only the magnitude and dispersion but also the correct sign of the third order optical susceptibility of these structures.  The numerous results coming from this important discovery were confirmed through a number of experimental and theoretical studies from his laboratory and from independent researchers in the field worldwide. These pioneering studies and work of this time period established in the field the theoretical and experimental basis and methodology for studying and understanding third order optical properties of conjugated organic and polymeric structures, remaining to present time as reviewed, for example, in the invited article, Physics Today 47, 51 (1994).


In the work reported in J. Opt. Soc. Am. B6, 707 (1989), he extended the basic understanding of third optical properties from linear chains to ring and disc-like -electron structures, demonstrating important dimensional effects of electron correlation on third optical processes. These insights provided the basis for the reported first observation in an organic structure of the nonlinear optical phenomenon of optical bistability in Fabry-Perot etalons made of high temperature stable polymer thin films.  This work also served as the basis for structural design rules and pathways to increasing third order optical responses of electron conjugated chains and polymers.


The work in Nature 359, 309 (1992) and Phys. Rev. A Rapid Comm. 45, R4233 (1992) explored for the first time natural excited state mechanisms for enhancing nonlinear optical processes by several orders of magnitude by first populating a selected molecular excited state at a given wavelength and then inducing a nonlinear optical process at another far from resonance. These findings were confirmed both theoretically and experimentally and have led to recent independent reports of third order optical coefficients enhanced over several hundred thousand times in conjugated polymers. 

This work further extended theoretically and experimentally to understanding the origin of the negative ground state third order optical coefficients observed for novel dye structures Opt. Lett. 19, 786(1994). 


The 1990s also witnessed Dr. Garito’s work expanding to include studies of polymer optical waveguides and electrooptic (EO) waveguide materials J. Appl. Phys. 69, 7366 (1991). His work centered on his long held view that new EO chromophores must possess not only attractive EO properties but also thermal, chemical, and photochemical stability able to withstand the stringent conditions required in polymer-based fabrication processes and device assembly steps American Chemical Society Symposium Series 601, G. Lindsay and K.D. Singer, eds. (American Chemical Society, Washington, DC, 1995) p. 22.  Using computer aided molecular designs, he successfully developed the first class of high thermal stability (T>400oC) EO chromophores, designed for their structural similarity to rugged polyimide repeat units and consequent easy incorporation into high temperature polymer waveguides Appl. Phys. Lett. 63,1173 (1993). He has also discovered new EO chromophore classes that can lead to EO coefficients several orders of magnitude larger than any previously reported values Phys. Rev.B55, 12982 (1997). 

During the same time period, his studies of polymer optical fiber waveguides led to the discovery of the actual mechanism for light propagation in polymer waveguides and further how this novel mechanism accounts for the physical microscopic origin of the unexpectedly high bandwidth observed for polymer optical fibers generally. The work in IEEE Photonics Tech. Lett. 9, 1128 (1997) and Appl. Phys. Lett. 71, 3625 (1997) reports the first observations of strong mode coupling in plastic optical fibers that largely determines the measured bandwidth performance. Detailed changes in the refractive index profile and material composition have little, or no, effect on bandwidth contrary to what was previously believed. Rather, the recent work reports that the experimentally observed mode coupling is responsible for the high bandwidth and originates from density and concentration fluctuations natural to polymers, in addition to extrinsic perturbations.  These results are important not only at a fundamental level but also to technological applications for optical fiber links in gigabit local area networks. This work was recently highly recognized by an invitation to present these novel results in a Special Issue of Science magazine Science 281, 962 (1998).  

Dr. Garito continues his studies of optical amplification processes in novel rare earth chromophores and polymers first begun with the publication J. Am. Opt. Soc. B14, 155 (1997). He has shown that by designing the organic ligand immediately surrounding the rare earth ion, one can control the amplification process on a microscopic level and thereby increase overall performance by several orders of magnitude Appl. Opt. 37, 7100 (1998). Further he has demonstrated that, unlike silica glasses and commercial EDFA, optical polymers can incorporate high number densities of rare earth ions, important to realizing compact, ultra high gain, optical waveguide amplifiers OAA’98 TOPS, 25,106 (1998). These important findings were further elaborated in a series of US Patents soon to be issued on nanoparticle doped polymer nanocomposites. Most recently, Dr. Garito and colleagues have discovered one of the fundamental origins of optical loss in polymer waveguides due to structures on nanometer length scales and have reported the first achievement of ultra low loss in polymer optical wavguides, lower than silica glass waveguides Post deadline paper European Conference on Optical Communication (ECOC) 2002 and Post deadline paper Optical Fiber Conference (OFC) March 2003. This pioneering work was recently heralded by the organizers of OFC and the Editors of the Journal of Lightwave Technology to present an invited paper on this subject  J. Lightwwave Tech. 22, 154 (2004).
