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Module 6: Attenuation in Optical Fibers



1 The authors would like to acknowledge support from the National Science Foundation through CIAN NSF ERC under grant #EEC-0812072. Module 3 - Attenuation in Optical Fibers Dr. Potter Professor, Material Science and Engineering Dept, University of Arizona Dr. is a Professor of Material Science and Engineering in the University of Arizona. Research activity within Dr. Potter's group is centered on the synthesis and study of glass, ceramic, and molecular hybrid materials for photonic and electronic applications. Active research and ongoing programs include: optically driven molecular assembly strategies, nanostructured photovoltaic energy conversion materials, photoactivated phenomena in glass and hybrid thin films, solution and physical vapor phase deposition of thin films and nanocomposites (oxides, inorganic-organic hybrids), thermal stability of complex oxide Optical materials, environmental sensing, Optical behavior of rare-earth-doped matrices, semiconductor quantum-dot ensembles, and Optical spectroscopy.
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    	Transcription of Module 6: Attenuation in Optical Fibers


        
    	1 1 The authors would like to acknowledge support from the National Science Foundation through CIAN NSF ERC under grant #EEC-0812072. Module 3 - Attenuation in Optical Fibers Dr. Potter Professor, Material Science and Engineering Dept, University of Arizona Dr. is a Professor of Material Science and Engineering in the University of Arizona. Research activity within Dr. Potter's group is centered on the synthesis and study of glass, ceramic, and molecular hybrid materials for photonic and electronic applications. Active research and ongoing programs include: optically driven molecular assembly strategies, nanostructured photovoltaic energy conversion materials, photoactivated phenomena in glass and hybrid thin films, solution and physical vapor phase deposition of thin films and nanocomposites (oxides, inorganic-organic hybrids), thermal stability of complex oxide Optical materials, environmental sensing, Optical behavior of rare-earth-doped matrices, semiconductor quantum-dot ensembles, and Optical spectroscopy.
2 Email: Introduction Efficient transmission of light at the operational wavelength(s) is the primary function of fiber optics needed for a range of applications ( long-haul telecommunications, fiber lasers, Optical delivery for surgical or biomedical applications). Reduction in the intensity of light as it propagates within the fiber is called Attenuation . The finite Attenuation present in any Optical fiber requires that fiber system design address degradation in signal strength through such approaches as signal amplification, interconnect optimization, fiber geometry design, and environmental isolation. An understanding of Attenuation mechanisms and the potential for their minimization is, thus, of great importance in the efficient and economic use of fiber optics. Any process that results in a reduction in the light intensity measured after propagation through a material contributes to the observed Optical Attenuation .
3 In principle, all Attenuation mechanisms can be traced back to the multilength scale structure of the glass itself ( atomic structure, point defects, second-phase inclusions) or structures arising from the fiberization process and/or Optical design of the fiber ( interfacial structure at the core-clad interface, uniformity of core-clad structure along fiber length). Thus, the control of material structure (through composition, material processing, and fiber fabrication controls) is the primary means to reduce Attenuation in 2 The authors would like to acknowledge support from the National Science Foundation through CIAN NSF ERC under grant #EEC-0812072. the finished fiber. An understanding, however, of the underlying Optical phenomena at work and their relationship to material composition and structure is needed. The overall Optical throughput (transmission) of an Optical fiber can be quantified in terms of the input Optical power, P(0), and the output power, P(z) observed after light propagates a distance, z, along the fiber length: ztotalePzP =)0()( (Equation ) and )0()(%PzPT= (Equation ) where: total = the total Attenuation coefficient ( involving all contributions to Attenuation ); %T is the percentage Optical power transmission.
4 Equation is referred to as Beer s Law and shows that transmitted power decreases exponentially with propagation distance through the fiber. In an Optical fiber transmission context, the Attenuation coefficient above is often expressed in base-10 form: )km( )()0(log10)dB/km(1 = =totaltotalzPPz (Equation ) This final parameter is often referred to as the fiber loss . It is important to note at the outset, that %T is an extrinsic measure of the Fibers ability to transmit Optical power. Multiple contributions to an overall transmission value arise from intrinsic fiber material properties as well as Attenuation mechanisms associated with fiber fabrication (preform development, drawing conditions). These different processes add to the observed reduction in transmitted power (P(z)) through contributions to the magnitude and wavelength dependence of total.
5 The present Module will provide an overview of the origins of Optical signal Attenuation in fiber optics. Optical phenomena contributing to Attenuation that arise from materials-related mechanisms within the fiber will serve as the primary focus. Potential Attenuation sources associated with fiber system design ( interconnection, cabling, environmental effects etc.) will also be briefly introduced. 3 The authors would like to acknowledge support from the National Science Foundation through CIAN NSF ERC under grant #EEC-0812072. Optical Absorption Optical absorption involves the direct transfer of energy from the propagating light beam to the material structure, resulting in the excitation of the material to a higher energy state. This concept was previously examined in Module 1 in which the material was described in terms of a collection of oscillators, each available to absorb energy from an Optical field oscillating at a frequency that is equal (or nearly equal) to the fundamental resonance frequency of given oscillator.
6 The energy absorption promotes the oscillator to a higher energy level. This resonance condition is directly observed in the dispersion (frequency dependent) behavior of the complex dielectric function for the material which, in turn, gives rise to the complex refractive index at Optical frequencies. More specifically, the propagation of light within a material can be described in terms of a complex refractive index (n*): )()(* inn+= (Equation ) where: n( ) = real portion of the refractive index; ( ) = extinction coefficient. and: c 2)(=. (Equation ) where: ( ) = absorption coefficient; c = speed of light. Thus, via equation ( ), the absorption coefficient contributes directly to the output power observed through its participation in the overall Attenuation coefficient, total. In terms of the oscillator picture of a material, different structural elements will each contribute to the overall magnitude, and frequency dependence, of the Optical absorption.
7 Thus, the material composition and specific structural characteristics will directly impact the Optical absorption observed at a particular wavelength of light. Some general contributions to Optical absorption in fiber optic glasses are provided below: Intrinsic absorption: Base Glass The intrinsic Optical absorption responses of core and clad glasses used were previously discussed as the primary factor dictating the transmission window (and ultimately the operational wavelengths) for an Optical fiber. In the present context, the transmission window is defined by 4 The authors would like to acknowledge support from the National Science Foundation through CIAN NSF ERC under grant #EEC-0812072. the spectral region bounded by the high Optical absorption arising from electronic transitions across the band-gap of the material (higher energy absorption edge) and the excitation of vibrational motion of the extended glass network and more localized structural features (lower energy absorption edge).
8 The high transmission spectral band that lies between these two absorption edges is often referred to as a forbidden gap referring to an absence of allowed energy states supporting energy absorption in this spectral range so that Optical transparency is observed. The frequency dependence of at the absorption onsets for both the electronic and vibrational (phonon) processes can be generally described with an exponential function form. For the electronic-transition band-edge, the absorption coefficient is described by the Urbach relationship: []kTAo/)(exp)( = (Equation ) where: A, , and o are parameters characteristic of the material. A similar functional dependence of on frequency for the phonon-based absorption edge ( defining the longer wavelength edge of the transmission window) results in a characteristic wedge shape in the spectral absorption loss characteristic of a particular material.
9 Figure contains a representative spectrum of absorption losses defining the transmission window of a GeO2-doped silica glass often used as the core material in telecommunications Fibers . Note that is provided on a log-scale in terms of dB/km. The absorption edge due to electronic transitions across the band-gap for the glass is on the left (higher energies), while the phonon-based absorption edge is to the right (lower energies). Contribution from scattering losses (to be discussed in subsequent sections) are also included. 5 The authors would like to acknowledge support from the National Science Foundation through CIAN NSF ERC under grant #EEC-0812072. Figure : Optical fiber Attenuation characteristics that bound the transmission window in GeO2-doped, low-loss, low-OH-content silica fiber. Of course, the precise frequency dependence ( energy location of these absorption edges) will be dependent upon the glasses used and their specific chemical and structural characteristics.
10 The effect of using heavier atomic constituents in both oxide and nonoxide ( chalcogenide and fluoride) glass systems was previously discussed in Module 1. In this case, the reduction in vibrational energies for these systems produce a significant red-shift in the location of the phonon-edge, resulting in dramatic changes in the spectral regions of transparency for these materials (see Module 1). Extrinsic absorption processes 6 The authors would like to acknowledge support from the National Science Foundation through CIAN NSF ERC under grant #EEC-0812072. In addition to the energy structure of the base glass that defines the transmission window, the presence of defects in the glass structure ( vacancies, over/under coordinated atoms) and/or dopants and impurities can produce localized energy states that exist within the forbidden gap.
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