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CPWR combines the high sensitivity, spectral resolution and ability to measure anisotropics in refractive index and optical absorption coefficient in a wave guide spectroscopy sensing layer with the simple and convenient optical coupling arrangement and isolation of the optical probe provided by SPR spectroscopy [80]. From: Membrane
Science and Technology, 2003R.A. Norwood, ... A. Yeniay, in the Handbook of Organic Materials for Optical and (Opto)Electronic Devices, 2010AWG multi/demultiplexers are important components for high channel-count wavelength division multiplexing systems due to their use in multiplexes, demultiplexers, add-drop multiplexing, and
routing. AWG multi/demultiplexers already have realists with silicon-on-silicon, ion-exchange glass, InP, Si, and polymers. In comparison to other passive waveguide approaches, perfluoropolymers offer an attractive platform due to their ultra-low loss and potential low cost manufacturing on different types of substrates. Figure 25.15(a)
shows an SEM micrograph of the waveguide structures at the output of the perfluoropolymer AWG, which are manufactured with VLSI manufacturing steps as described above for a 4 μm × 4 μm waveguide with a Δn of 1,6 %. AWG operates in the 66th order, the free spectral range (FSR) of 23.5 nm, the number of grid wave guides 126
and the wave guide difference of 77 μm [17]. The fiber-to-fiber spectral transmission properties of AWG were measured with a tunable laser and an optical spectrum analyzer. The measured data in Fig. 25.15(b) shows adjacent xtalk levels of approximately − 30 ± 2 dB, non-adjacent xtalk of − 28 ± 2 dB with an insertion loss of 2.8 ± 0.3
dB. The polarization-dependent shift is less than 0.1 nm.25.15. (a) SEM micrograph of outgoing region perfluoropolymer AWG and (b) measured fibre to fibre transfer spectra of the perfluoropolymer AWG. In addition, due to their phase-sensitive nature, AWG output channel wavelengths usually exhibit very sensitive temperature
depending as mentioned above. A few different approaches have been developed to achieve athermal AWGs to eliminate temperature controllers and their associated issues such as higher cost, increased power consumption, reduced reliability and larger unit size [24.25]. However, all polymer configurations offer thermal operation when
the waveguide and substrate material properties are carefully adjusted [26.27]. The wavelength shift versus the temperature is given by dλ/dT = (λ/n)(dn/dT + n·n·α) where λ is the wavelength, T is temperature, n is effectively index for the wave guide, α is CTE, and dn/dT is the TO coefficient experienced by the waveguide section within
the AWG unit. The athermal condition is therefore: dn/dT = − n·α. In the usual case where the thin waveguide layers are placed on top of a much thicker substrate, the substrate CTE dictates the value of α. As depicted in fig. 25.16(a) is the temperature dependence on this configuration of the perfluoropolymer AWG on a polymer substrate
± 0,4 pm/°C, which is essentially the same as the silica-on silicon silicon value. It is also noted that by attaching a polymer supstrate with a lower thermal expansion coefficient and adjusting its thickness, the value of α can be fine-tuned so that the athermal state is met according to fig. 25.16(b). With superstratet enrichment, the
temperature dependency of the channel wavelength shift can be reduced to − 0.5 ± 0.4 pm/°C over a wide range from − 20 °C to 80 °C as shown in fig. 25.16(a). This technique has the immediate benefit of tunability after the device is fabricated. Furthermore, the superstrate can be selected from a wide variety of materials as it does not
have to meet the requirements of the waveguide substrate, such as surface finish and stability under device condionation conditions.25.16. Measured temperature dependence on AWG channel wavelength displacement (a) without superstrate (-------) and with superstrate (____); (b) schematic of superstrate structure. Davide Micheli, ...
Fabio Santoni, in Spectroscopic Methods for Nanomaterial Characterization, 2017▪Waveguide has a relatively small frequency bandwidth. In order to have a larger frequency range, several waveguide types must be taken into account, each having a frequency band side next to the others.▪Oa's waveguide has a different dimension of
sample holders. The more samples, the higher the possibility of air gaps and errors in the measurement.▪Each waveguide requires a new calibration with the appropriate calibration kit, which means that different faults are introduced each time.▪Dessivis of materials calculated to use different frequency adjacent waveguide types do not
match each other in the upper and lower frequency sides and thus introduce errors in the average operation. This is because the λ/4 sample holder typically used in this type of material characterization, which optimizes the measurement in the middle of the frequency band.▪Propagation in waveguide is related to TE and transverse
magnetic (TM) modes, G.J. Parker, Abu Zayed Mohammad Saliqur Rahman, in the Reference Module in Materials Science and Materials Engineering, 2017Waveguide nuclear materials such as Si3N4, silicon oxynitride and doped oxides provide a much better optical interface for coupling to an external optical fiber than above high index
material, due to closer core index matching. However, the main design problem in producing a waveguide on a silicon substrate now is the thickness and quality of the lower lining layer that is initially grown on the silicon substrate. If the index of the core material approach SiO2 values then a considerable proportion of the light field is able
to penetrate the upper and lower cladding layers. The penetration of the light field in the upper lining layer is often used in planar waveguide structures by fabricating Bragg grids in this layer. For planar waveconductors on silicon substrate penetration of light field into the lower lining layer is of greater concern. Unless the light field is
completely limited in the core and lower cladding layer of waveguide, then some of the light will reach the silicon substrate itself, where it will be lost, and a very hilarious guide will result. For planar waveconductors using silicon nitride or silicon oxynitride core layer, the lower SiO2 lining layer need not be very thick, perhaps 1 or 2 μm.
However, nitride or oxynitride core layer may not be too thick because the thermal expansion coefficient imbalance between these layers and the SiO2 lining layer will cause cracking of the core layer. Clearly a core layer with a significant crack density will in itself be lossy. The lower lining layer of 1 or 2 μm thickness can be prepared by
standard wet oxidation technology, which will provide a high quality thermal oxide (low optical loss). If the core layer RI is further lowered, against doped oxide values, the lower SiO2 lining layer must be significantly thicker, typically 5 μm or greater for waveguides operating at 1,3 or 1,55 μm, in order to prevent the evanescent light field
from reaching the silicon substrate. Oxides of 5 μm or greater are not compatible with standard CMOS processing techniques! In fact, it is quite difficult to produce oxides of this thickness, and to do so at high optical quality is difficult in the extreme. Oxide layers of good quality of the required thickness can be grown by high pressure
oxidation (HIPOX). Plasma enhanced chemical vapor deposition (PECVD) can also be used to grow thick oxide layers, but the growth times are usually quite long (several hours) and this makes it difficult to prevent the incorporation of particles into the growing film, and thus increase cladding layer loss. A third technique that has been
studying for many years and is now producing very promising results is flame hydrolysis. But none of these techniques will be readily acceptable in a standard CMOS environment. Since a low RI core value leads to these large cladding layer thicknesses, which in turn causes a significant processing problem, it is reasonable to see if there
is an alternative type of waveguide structure that can be used. An unusual waveguide structure was designed specifically to overcome this incompatibility problem with standard microelectronic machining techniques. This waveguide is called an antiresonant reflective optical or ARROW waveguide.N.E. Schlotter, in Comprehensive
Polymer Science and Supplements, 1989Waveguide Raman Sampling (WRS) is a sampling technique for thin film structures.227,228 Typically, an indicative film is formed on a substrate in an asymmetric slab waveguide geometry. The film is of higher index material than the layers above and below it and is of good optical quality. By
pressing a higher index prism on the surface, it is possible to connect an input laser beam in the indicative layer. A schematic of this is shown in the 18.229 Coupling depends on the thickness of the conduction layer, the relative refractive index of the layers, the wavelength of the laser, the geometry and index of the grid, and the angle of
the incoming laser beam in relation to a normal to the asymmetric slab wave guide plane. Usually for a one micron thick guiding layer with a visible laser there will be one or two coupling angles that meet all the boundary conditions and allow the light to propagate through the guide. The propagation beam can be symmetrically out-coupled
to analyze the position structure. The Raman spread is collected at right angles to the guide plane. Figure 18. Geometry for wave guide Raman sampling. Coupling angle φ specified for Prisma coupling. The laser is injected into the barrel film at the prism corner and propagates perpendicular to the collection optics when the boundary
conditions are met (Figure 1 in ref. 229)Since the experimenter has control over so many parameters in the waveguide formation, there are many different geometries that can be used. This manufacturing flexibility makes almost any combination of thin film structures to be studied by WRS. By injecting the laser directly into optically
transparent polymer films, Raman's spectra of approximately a micronthick film can be easily obtained. By forming the waveguide from glass and coating films from organic or polymeric material on the surface, raman spectra can be obtained from 20-200 Å of material.230-232 Other structures that can be studied are laminate of
polymers233,234 and embedded material235 in a polymer guide. Figure 19 shows raman spectra from a polystyrene polymer laminate and poly-alcohol laminate. The spectra correspond closely to mixtures of the pure spectra weighted by the distribution of intensity due to the various controlled modes used to excite spectra.233 In
addition, a flowing gas temperature cell has been developed that works from − 125 °C to + 100 °C.236Figure 19. Raman spectra taken from a polystryrene/poly(vinyl alcohol) laminate structure that was excited by various guided modes in the waveguide. Spectra corresponds to mixtures of the insulated polymer spectra weighted by the
intensity distribution of the light in the guided mode. The m = 0 mode provides almost pure polystyrene spectrum. Modes for m greater than zero produce mixed spectra, reflecting the composite structure of the wizard. (Figure 4 in ref. 233) WRS has several major advantages over conventional Raman sampling methods. First, the sample
volume is increased by pointing the propagation beam in the waveguide towards the slits of the spectrometer. Secondly, the fact that the laser travels through (and is limited to) the sample increases the intensity of the test. In part, the intensity is increased by the one-dimensional focus in the thin film. The second advantage comes from
the use of the direction of distribution. Having a similar area illuminated with a conventional line focus would require much higher laser effect of factors ten to one hundred. Finally, it is possible to obtain high-quality polarized Raman spectra from WRS.227,229A.D. Li, W.C. Liu, in Physical properties and applications of Polymer
Nanocomposites, 2010Optical waveguide is closely related to the phenomenon of total inner reflection (Unger, 1977; Vassallo, 1991). The basic design of a waveguide unit involves the incorporation of a film with high refractive index as core layer and a low refractive layer as the cladding layer. Based on this geometry, high light intensity
barrier per unit power is achieved within the waveguide. Hence, large nonlinear effects can be realized within a narrow interaction length for fast and low voltage applications. Figure 4.27 a shows a typical three-layer step-index planar waveguide. It is noted that a single waveguide of this configuration cannot form an optical integrated
circuit. In practice, different types of optical waveguides are placed as 2D optical waveguides, 3D optical waveguides and optical channel waveguides on a substrate to create an optical circuit with desired functions (Fig. 4.27(b)).4.27. Principle of optical waveguides and structures of planes (a) and channel waveguides (b). Many efforts
have been made to fabricate planar waveguides using ferroelectric materials (Marx et al., 1995; Liu et al., 2006, 2007), photo-reversible glasses (Liu et al., 2008a), semiconductors (Loke et al., 2008) and polymers (Kagami et al., 1995; Misra et al., 1996; Ma et al., 2002). Among these candidate materials, the state-of-the-art optical
polymers are attractive materials for highly integrated optics due to their beneficial properties such as faster processability, more cost efficiency, lower optical loss and less birefringence compared to conventional silica. The glassy polymer doped with NLO active units shows a significant nonlinear optical effect after poling. In recent
decades, various NLO composite waveguides have been fabricated by doping quantum dots (Lee et al., 2000; Pang, etc., 2005), rare-earth metals/outer bium ions (Krishnaswamy, etc., 1996; Dekker et al., 2004), azo dye (Shi et al., 2000), and ferroelectric nanocrystals (Ren et al., 1997; Li et al., 2004a). Herein we briefly introduce the
wave-conducting properties of ferroelectric nanocrystal/polymer composite films. A coupling prism technique, a well-developed method for evaluating the waveguide structures, is usually used to input light into a waveguide for measuring the m-line switching angles, thereby determining thin film parameters such as thickness, refractive
index and propagation loss. This non-destructive technique retains the original surface of the sample, especially suitable for measuring the waveguide properties of soft polymer waveguides. A typical prism linking experimental set-up used to observe the position lines (m line) is presented in fig. 4.28. In this method, at a certain discrete
angle of approach called a position angle, photons can tunnel over to form an optical optical waveguide mode. The resulting bright m-lines cause a sharp decrease in the intensity of light reaching the detector (Liu et al., 2002). Figure 4.29 shows the guided modes TE and TM in the PC movies on molten quartz substrates. Two TE
polarized and three TM polarized modes are observed. As can be seen from the insets of these figures, the observed m lines in limited TE and TM modes are clear and sharp, meaning that the PC films are of good optical waveguide quality. The te and TM refractive indices are determined to be 1.5819 and 1.5718 respectively. The small
birefringence value shows an isotropic nature of the polymer films. Ren's team systematically studied the waveguide properties of NLO/polymer composite films with PbTiO3 and Bi4Ti3O12 as chromophores, and transparent polymer PEK-c as polymer host (Ren et al., 1997). Five TE and TM mode lines are observed in their studies. The
refractive index and thickness of the waveguide films can be determined using the following equations (Ulrich and Torge, 1973):4.28. Principal component and principle of m line measurement set-up.4.29. TE (a) and TM (b) mode spectra of PC films on molten substrate. Insets are respective digital camera captured excited TE and TM m
lines.4.10Nm=sinαmcosε+np2−sin2αm1/2sinε4.112πhn22−Nm21/2/λ=mπ+ϕ0n2Nm+ϕ2n2Nm4.12ϕin22Nm=tan−1n2ni2ρNm2−ni2n22−Nm21/2where Nm is the effective index and m represents the mth mode, ρ = 0 for the TE mode and ρ = 1 for the TM mode, i = 1 or 3, λ is the wavelength of the laser, np is the refractive index of prism,
αm is the coupling mode angle of the mth mode, ε is a constant of 44.98° determined by the type of the prism, h is the thickness of the waveguide layer, n1, n2, and n3 are refractive indices of the air gap, the waveguide layer, and the cladding layer, respectively. The experimental results and theoretical values are listed in Table 4.4 (Ren
et al., 1997). The calculated results are well in line with the experimental data. Table 4.4. Experimental and theoretical values of the effective refractive indices of PbTiO3/PEK-c polymer thin filmsPolarizationMode orders mIncident angle (degree)Experimentally effective index NmTeoretical effective index NmTE040.9171.65011.6476 13
8.0001 63301.6328 233.9171.60651.6080 328.9171.57011.5733 424.1671.53141.52 97TM039.8331.64391.6391 136.6671.62471.6242 232.7501.59841.5993 328.0831 56 361.5647 422.9171.52051.5229(from Ren et al., 1997)The optical propagation loss of the composite thin film is one of the most important parameters of optical
waveguides for designing optical signal modulators. Propagation loss in planar waveguides is defined as the attenuation of the optical intensity of output to one input. Yang et al. used the photographic technique to measure the transmission loss in thin films. The light line that spread from thin films was depicted with digital camera (Yang et
al., 2001). Figure 4.30 a shows the image of streaks of light in the PbTiO3/PEK-c waveguide. 4.30(b) shows the measured scattered intensities from the air/PbTiO3-PEk-c/molten-waveguide as a function of propagating distances along the guide. The propagation loss of the 10 wt% PbTiO3 doped composite film at 632.8 nm is determined
to be 3.09 dB/cm. The waves scattered by PbTiO3 nanocrystals (~ 30-40 nm) with some aggregation, as indicated in fig. 4.2(a), contributing to a greater loss, taking into account: 10 wt% Bi4Ti3O12 nanocrystal-doped (~10 nm, Fig. 4,2(c)) PMMA and PEK-C composite films show lower dispersion loss of 0,72 and 1,67 dB/cm at 633 nm
due to a better dispersion of the nanocrystals (Ren et al., 2001b. Yang et al., 2003).4.30. a) Digital camera captured light streaks images in PbTiO3/PEK-c waveguide. (b) optical damping in air/PbTiO3-PEK-c/molten quartz waveguide(from Ren et al., 1997).K. Ohashi, in Silicon-Germanium (SiGe) Nanostructures, 2011The structures of
optical waveguides are fundamentally similar to the optical fiber wires than the waveguides do not have circular symmetry. They can be classified into four types: 1.Slab (or planar) waveguide. These are two-dimensional waveguides. a core layer is sandwiched by a substrate and lining layer with a slightly lower refractive index.2.Ridge (or
rib) waveguide. These have a thicker part along the direction of light propagation in the core layer of the slab wave guides (Fig. 21.1(a)).21.1. Optical waveguide structures.3.Rectangular waveguides. These have a core with square or rectangular cross-section (Fig. 21.1(b)).4.Wavelength and subwavelength scaled structures. These
waveguide structures provide several useful optical functions to optical drives and circuits. Slab waveguide does not change the direction of light propagation. Rectangular waveguides limit the light more strongly than the ridge (or rib) waveguide does, so that a smaller bending radius is obtained with rectangular waveguides. Nano-
structures can be combined with the other types (1)–(3) to provide slow light propagation. We can derive both transverse electrical (TE) and transverse magnetic (TM) modes of light propagation in planar waveguides, where TE modes have their electric field located in the plane and perpendicular to the direction of propagation, and TM
modes have their magnetic field in the same direction (Reed and Knights 2004). Similarly, we can calculate ortactal TE-like and TM-like modes for more complex waveguide structures. Henri Benisty, Claude Weisbuch, in Progress in Optics, 2006This field has blossomed since the turn of the millennium, marked by a race against low
spread losses. It is sensitive to compare numbers related to different wavelengths, directional widths and heterostructures, so that the relevance of a given performance depends on the exact context of integrated optics (see Marcuse [1974] for fibers and channel waveguides in general). Some of the first papers depicted spot detection on
the cleaved edges of cameras (Baba, Fukaya and [1999]), which is not quantitative. Quantitative data were published in the work of Smith, Benisty, Olivier, Rattier, Weisbuch, Krauss, De La Rue, Houdré and Oesterle [2000] and Smith, De La Rue, Rattier, Olivier, Benisty, Weisbuch, Krauss, Houdré and Oesterle [2001], and then many
others (Talneau, Le Gouezigou and Bouadma [2001], Sugimoto, Tanaka, Ikeda, Tanaka, Asakawa, Sakaki and Ishida [2004], McNab, Moll and Vlasov [2003]). A commonly accepted name of the waveguides is Wn for a canonical n-missing-row waveguide (see W1 in fig. 24; Olivier, Rattier, Benisty, Smith, De La Rue, Krauss, Oesterle,
Houdré and Weisbuch [2001]), with additional specifications for the crystallography orientation, etc. Fig. 24. Photonics crystal waveguides in 2D photonic crystals: (a) the one-line waveguide, nicknamed W1; (b) dispersion ratio and vertically collected lumininde reflecting the dose of the photon States (see Letartre, Seassal and Grillet
[2001]); c) Multi-range waveguides and position profiles in the metallic-wall approximation. (d) the 2D dispersion ratio of a W3 waveguide (three missing lines) in TE polarization (H-polarization); (e) zoom on one of the anticrossings around u=0.26 [arrow in (d)] between basic mode (larger slope, fast mode) and a higher-order mode
(smaller slope, a slow, Fabry–Perot-like mode); (f) magnetic field maps at the two points marked (a) and (b) (e) (g) Waveguide bend and electric field map in a PhC consisting of dielectric pillars (mit work); note the greater width of the field lobes (half wavelength) compared to the PhC period; (h) waveguide bend the realization in a 3D PhC
(Kyoto University, see Chutinan and Noda [2000a]). It is worth mentioning, too, that the nature of straight waveguides was not clarified at once. Although the band structure had been calculated early enough by the supercell method (Benisty [1996]), and phononic crystals with similar phenomena had appeared in simulations (Kafesaki,
Sigalas and Garcia [2000]), it was not until experiments showed mini stopbands in the transmission of the basic mode of a W3 waveguide that the phenomenon of mode coupling in PhC waveguides was fully understood. It is well described in the work of Olivier, Rattier, Benisty, Smith, De La Rue, Krauss, Oesterle, Houdré and Weisbuch
[2001], Olivier, Benisty, Smith, Rattier, Weisbuch and Krauss [2002], Qiu, Azizi, Karlsson, Swillo and Jaskorzynska [2001]. Actually, any corrugated waveguide (of period a) supporting multiple modes is likely to induce switching between two of the modes it supports whenever their wavevectors k∥(1), k∥(2) differ with a multiple of 2π/a.
What is new in the case of PhC waveguide is the fact that this link never leads to in planet radiation leakage, as the surrounding crystal is used in its prohibited frequency gap. Hence, energy can be properly manipulated between modes using corrugation, while ideally, avoiding, energy losses. can also also modified (Davanço, Xing,
Raring, Hu and Blumenthal [2005]) in relation to profit (Schwoob, Benisty, Weisbuch, Cuisin, Derouin, Drisse, Duan, Legouézigou, Legouézigou and Pommereau [2004]) and this should probably affect lasing (Sugitatsu, Asano and Noda [2004]). At the present stage, a modification of the spontaneous emission (lifetime, Purcell effect and
also edge emission) has been demonstrated in W3 waveguides (Viasnoff-Schwoob, Weisbuch, Benisty, Olivier, Houdré and Smith [2005], Viasnoff-Schwoob, Weisbuch, Benisty, Olivier, Varoutsis, Robert-Philip, Houdré and Smith [2005]). Of course, the presence of the third out-of-plan dimension and its related leakage blurs the ideal
image of perfect 1D singularities with, e.g. divergent DOS (Kleppner [1981]), but the extent of this can be limited by smart technology, using a similarly successful approach to very high Q cavities. In general, the lower the losses, the more difficult the measurements are: given the modest length of the samples (50-500 μm typically), limited
total losses occur in this case. The cutting method known to fiber optic practitioners must be adapted by fabricating a set of samples of different lengths. Although the experiment provides access to small losses, the losses incurred by the connection to the outside (fibers, lenses), which are rarely below 2 dB per coupler (see below the
discussion on PhC tapering), can dominate the overall loss. Thus, much care should be taken when assessing losses; for example, more than two lengths should be used to make the information sufficiently redundant. Good knowledge of the possible variations (e.g. aspect imperfections, whether cleaved or sawn and polished facets) is
required to assess losses in the sub-dB range. For a loss of 50 dB/cm and a length of 100 μm (250 periods of 400 nm), a 0,5 dB decline must be assessed. For a loss of 5 dB/cm (not reached in the first attempt, but now a more available value) and a length of 500 μm, a loss of 0,25 dB must be assessed. A top view of the scattered light is
sometimes used, and here also (Loncar, Nedeljkovic, Doll, Vuckovic, Scherer and Pearsall [2000], Loncar, Nedeljkovic, Pearsall, Vuckovic, Scherer, Kuchinsky and Allan [2002], Lombardy, Ferrini, Dunbar, Houdré, Cuisin, Drisse, Lelarge, Pommereau, Poingt and Duan [2005]), the method applies only to several controls. Much work has
been directed towards demonstrating and exploiting the lossless, leak-free modes theoretically expected when their dispersion is below the light cone (see section 4.1). The canonical W1 waveguide offers such a region, albeit in a range much narrower than the large TE-polarized crystal PBG. The spread of the guided mode there tends to
be very flat, making direct connection difficult. Good, reflection-free connection between two different waveguides depends on matching the position profiles and the impedance modes (as explained by Boscolo, Conti, Midrio and [2002], [2002], Bienstman, Luyssaert, Baets and Marti [2004], Sauvan, Lalanne and Hugonin [2005] and Xu,
Lee and Yariv [2000]). Group speed plays a role in these parameters (see also coupled cavities and superprisms). The affected region of the W1 waveguide has both a low group speed (measured down to the mode cutoff, and found to be 'c/100, see Notomi, Yamada, Shinya, Takahashi and Yokoyama [2001]; even higher values were
reported at the PECS VI conference by the IBM Group and the NTT Group) and a special situation profile with more in-plan extent than in the mining part of the spread. For the purpose of physical characterization, this difficulty can indeed be circumvented by the internal excitation: Measurements of the scattered photoluminescence of a
closed waveguide [see fig. 24(b)] directly extinguish the underlying band structure in some details (density of states, quality factors of resonances, etc., see Letartre, Seassal and Grillet [2001]). Given the inherent limitations of the w1 operational area, the investigation of alternative geometries with extra holes, larger/smaller holes in the
row next to the guide, etc., has been conducted with several teams (see, for example, Notomi, Shinya, Yamada, Takahashi, Takahashi and Yokohama [2002]) with some success. Conversely, for the measurement of PhC waveguides based on external sources, it has been clearly demonstrated in substrate approaches that when the
guided mode of the PhC waveguide is acceptably matched to that of a standard ridge's waveguide, established integrated-optics methods apply successfully. Notably, the measurement of the variation of the lash contrast between mountain waveleaders split facets rich data on losses of various kinds, either at transitions or distributed
along guides (Talneau, Le Gouezigou and Bouadma [2001], Talneau, Lalanne, Agio and Soukoulis [2002], Talneau, Mulot, Anand and Lalanne [2003]). Another new technique shown by Galli, Belotti, Bajoni, Patrini, Guizzetti, Gerace, Agio, Andreani and Chen [2004] utilizes a silicon hemisphere to get signatures of propagation as well as
evanescent lossless modes. It generalizes well-kown prism switching technology of flat waveguides against probing nanophotonic structures. One question that remains open is whether coupling can achieve low loss regimen exemplified by silica/doped-silica based integrated optics, a domain where circuit size is almost matched to classic
fiberglass modes (8 μm mode diameter). Adjusting the position size between smaller guides (e.g. laser diodes, typically 1-2 μm in size) and fibers is often achieved by adiabatic cones (Xia, Menon and Forrest [2005]): they force the position to de-be limited and to swell into the cladding by a gradual reduction in the core size. A detailed
discussion of PhC tapestry (adiabatic, interferometric, ...) is outside the scope of this chapter, but it is worth mentioning that the combination of Bloch modes (periodicity) and gradual has triggered an exciting and demanding endeavor. Some clues are found in the work of Talneau, Mulot, Anand and Lalanne [2003], Lalanne and Talneau
[2002], Happ, Kamp and Forchel [2001] and Mekis and Joannopoulos [2001], and more theoretical but more general considerations in Johnson, Bienstman, Skorgatoboyi, Ibanescu, Lidorikis and Joannopoulos [2002]. Waveguide losses for PhC waveleaders are currently under intense investigation. Values have been obtained, in
particular, for λ=1.55undefinedμm. One should consider the position with respect to the light line, as discussed in fig. 16, for comparison. In conclusion, losses are currently lowest in waver based on membranes for regions below the light line. The polarization of interest is TE-like, although some interesting results in TM have also been
measured (Arentoft, Sondergaard, Kristensen, Boltasseva, Thorhauge and Frandsen [2002]). Loss figures in sub-10 dB/cm have been reported for W1 or near-W1 systems. Above the light line, on the contrary, losses are huge, far exceeding 1000 dB / cm, for these membranes. The best result, until 2004, was that by Notomi, Shinya,
Yamada, Takahashi, Takahashi and Yokohama [2002]. They achieved a loss value of 60 dB/cm in a W0.7 waveguide even narrower than W1. Results further presented at PECS V (Kyoto, March 2004, &amp; Sugimoto, Tanaka, Ikeda, Tanaka, Asakawa, Sakaki and Ishida [2004]) and PECS VI (Aghia Pelaghia, June 2005) were
impressive (around 1 dB/cm). This prompted the theoretical work underlined above such as by Hughes, Rammuno, Young and Sipe [2005] (and references therein) or promote Andreani's approach (Andreani and Agio [2003]) against these systems. This is at variance with substrate approach, where the positions are always above the light
line. As indicated in section 4.2, the losses are then related, in a top 2D view, to divert into air holes with a fictitious imaginary part of the dielectric constant, ε=1+iε. This dissipative contribution has a simple scaling with hole depth, most notably (Ferrini, Lombardy, Wild, Houdré and Duan [2003]). For perfectly infinite holes, this
phenomenological parameter ε reaches an intrinsic value, depending on only heterostructure parameters. By using a slightly extended vertical guidance (500-900 nm wide heterostructure core on inP) combined with high-quality depth, losses in the 60 dB/mm range of W1 are feasible. Lower losses, say ten digits of dB/cm, can be easily



obtained in a broader waveguide such as W3, where modal overlap with the PhC is much lower (see Kamp, Happ, Mahnkopf, Duan, Anand and Forchel [2004], Kotlyar, Karle, Settlers, O'Faolain and Krauss [2004]). Although very low losses are difficult to achieve, a great deal of freedom is recycled in design, as well as the ability to
integrate PhC structures in combination with real electrically pumped optoelectronic devices that require a substrate. The level of losses is also unclear due to the simultaneous miniaturisation of an entire device, which reaches, e.g. In addition, when going to devices, the straight waveguide losses are not the only element - losses at all
singular points (bends, connected cavities, etc.) are equally important. These remarks provide a natural transition toward the consideration of these elements in the next subsection.P. Vadgama, in Encyclopedia of materials: Science and technology, 2001Optical waveguides utilize the electrical vector of totally internally reflected light. The
electrical vector of this light extends for a fraction of a wavelength beyond the immediate physical boundary of the waveguide, thus the waveguide is sensitive to tasting environmental changes that occur on the surface. In particular, these binding events are induced by surface immobilized affinity molecules such as antibodies.
Sophisticated waveguide laminate structures are required to utilize this modality for discovery. In the special case of surface plasmon resonance (SPR), a metal film (-50 nm) over a transparent waveguide acts as an energy sink for the evanescent light field from the wave guide, a result of the cloud of free electrons at the latter. The
amount of energetic loss and, therefore, the light connection back to the waveguide, is highly dependent on incident angle, but importantly, affected by very small surface refractive changes at sample/film interfaces that offer the path to transduction. Gold and silver have the required characteristics and meet the required purity, depth and
optical criteria. The combination is a powerful way to access surface-belonging reactions. An alternative to SPR is the resonant mirror technology that uses a high refractive titania or zirconia (0.1 μm) waveguide to induce multiple internal reflections to generate evanescent light. A thin, low refractive index layer of 1 μm (silica or
magnesium fluoride) then transports light into this mirror layer from a high refractive index support, e.g. a carbon index. Resonance detection is based on observing a phase change in the reflected light. Both of these surface optic techniques require functionalization with appropriate biological or other affinity layers. Critically,
measurements must also take into account nonspecific interactions at the monitored surface. Piezoelectric materials are crystalline, with a defined, ionic, three-dimensional lattice. Quartz as representative material is a solid phase that can be distorted by a forced electric field, and therefore vibrates (at a resonance frequency) with an
applied a.c. voltage. An AT-cut quartz plate has a special low temperature dependent oscillation mode sing-in produced by an a.c. tension applied to its opposite surfaces. The crystal resonance frequency is very mass dependent, and responds with high sensitivity to mass change. It therefore acts as a viable chemical sensor based on
mass change if selectively sensitized with a coated bonding layer. Saeed Olyaee, Alieh in Nanostructures for Novel Therapy, 2017PC waveguides can be used as a platform for biosensors. Waveguide cut-off waver is used as an indicator to detect changes in the refractive index. Compared to other PC biosensors, wave-based PC
biosensors have larger sensing range. This large area therefore requires a larger sample volume. Buswell et al. (2008) showed a specific detection of streptavidin to biotin using these types of sensors. Waveguide was formed by filling the entire holes in a row. The binding of streptavidin to immobilized biotin causes a red shift of 0.86 nm
of cut off wavelength for a 2.5-nm streptavidin film. The amount sensitivity of the displayed waveguide biosensor is 88 nm/RIU. To improve sensitivity, they reduced the dimension of entire holes in a row instead of filling them. This device does not modify the design of the cut-off wavelength compared to the previous design. Hence, the
answer is similar except that the positions are moved to higher frequencies inside the band gap. The advantage of this design, however, is the increased surface area available for sensing in the central high-field region. This modification results in an improvement in sensitivity up to 120 nm/RIU, which corresponds to an improvement of
40% compared to the sensor with a standard waveguide. Figs. 23.9 and 23.10 show the wave guide with filling holes and the dimension of the reducing holes, respectively. Figure 23.9. PC Waveguide Biosensor designed with filling the entire holes in a RowModified from Buswell, S.C., Wright, V.A., Buriak, J.M., Van, V., Evoy, S., 2008.
Specific detection of proteins using photonic crystal waveconductors. Opt. Express 16 (20), 15949-15957.Figure 23.10. PC Waveguide Biosensor designed to reduce the dimension of entire holes in a rowReproduced from Buswell, S.C., Wright, V.A., Buriak, J.M., Van, V., Evoy, S., 2008. Specific detection of proteins using photonic crystal
waveconductors. Opt. Express 16 (20), 15949-15957.Using slotted PC-WGs is another technique for designing and implementing PC-WG-based sensing structures. This technique was originally introduced by the Group of Krauss (Falco, 2008; Scullion et al., 2011). As seen in Fig. 23.11, in this procedure, a narrow ditch is created in the
middle of a PC-WG. The approach was an attempt to combine the advantages of PC-based sensing structures with the extremely high confinement and intensity of the optical field in slot waveguides (Almeida et al., 2004). This approach resulted in a sensitivity of 800 nm/RIU for bulk refractive index sensing (Falco, 2008) while the PDMS-
based microfluidic delivery system (Scullion et al., 2011) was successfully employed to detect concentrations of avidin as low as 15 nM. In addition, the small size of this structure (≈2.2 μm2) was allowed to achieve a minimum detectable mass of 100 ag. Picture 23.11. Scanning Electron Microscope (SEM) Images of Slotted PC–WGFrom
Scullion, M.G., Di Falco, A., Krauss, T.F., 2011. crystal cavities with integrated microfluidics for biosensing applications. Biosens. Bioelectron. 27(1), 101-105, courtesy of Elsevier, Copyright 2011. 2011.
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