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Superprism phenomenon in three-dimensional macroporous polymer photonic crystals
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The superprism phenomenon is the extremely large angular dispersion experienced by a light beam when
entering a photonic crystal. This arises from the anisotropy of the photonic band structure. Strong anisotropy
can be present even in systems without a complete photonic band gap. Here, we describe a theoretical
investigation of the superprism effect in three-dimensional macroporous polymer photonic crystals formed
from colloidal crystal templates. From the complete photonic band structure, an equal-energy (slisfsere
sion surfacgis obtained. The propagation direction inside the photonic crystal is determined by the gradient of
this surface. Using this formalism, we explore the extreme sensitivity of the propagation direction to various
input parameters, including the input angle, the light frequency, and the composition of the photonic lattice.
Such effects can be exploited for sensing and filtering applications.
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[. INTRODUCTION perprism effect have simulated auto-cloned 3D photonic
crystals*1*1 Very recently, Ochiai and $&hez-Dehesd

Photonic crystals are periodic dielectric structures thathave extended the discussion to the case of three-
control the propagation of light. In a photonic crystal, thedimensional systems, such as self-assembled colloidal crys-
refractive index is spatially modulated with a period compa-tals.
rable to that of the electromagnetic wavelength. As a result, In this work, we describe the computation of superprism
constructive and destructive interference due to multipleeffect in a macroporous polymer photonic crystal formed
scattering gives rise to a band structure for photons, whiclirom a colloidal crystal templat¥. Following the method
may contain gaps. These gaps may exist over the whole Bributlined by Kosakaet al. for two-dimensional photonic
louin zone or only within a limited range of wave vectors. |attices® we directly compute the isoenergy surface based on
Initially, the study of photonic crystals was motivated by thethe full three-dimensional photonic band structure, and then
possibilities for inhibiting spontaneous emissiand local- determine the propagation angles from the gradient of this
izing light? Subsequently, most of the work in the field has grface. Our simulations confirm a very sensitive depen-
relied on the control of light propagation through the ma-gence of the output angle on the parameters of the incoming
nipulation of the gaps within the photonic density of stateSy,o 3 |y particular, our calculations show a wavelength sen-
As a result, the construction of a photonic crystal possesslngitivity of 14°nm for an input wavelength of around 1300

a full band gap has been a primary goal of the fieldiow- . o . .
ever, recently another method has been demonstrated for substantially larger than the 0.5°/nm dispersion recently

controlling the propagation of radiation inside a photonicr(tapotrted folr plamarhphotonlrc]: crystéﬁs;qlcmilr?thnts at Icon—
crystal, involving the manipulation of the anisotropy of the stant wavelength Snow a change o In the internal propa-

bands?~® Due to this anisotropy, the propagation direction ofga,'“,On angle for 1° change in the input angle. These sensi-
light inside a photonic crystal can be an extremely sensitivd/Vitiés increase at lower wavelengths. The results
function of parameters such as the wavelength or the incidergubstantiate the existence of superprism effect in three-
angle. This effect, known as the superprism phenomenon, @dimensional photonic crystals, and emphasize the potential
observed at h|gh frequencieS, where anisotropy in photoni&alue of templated colloidal materials. Our technique is quite
band structure is strongest and effects like negative refractioflistinct from the method of Ref. 16, in which the analysis
and birefringence are expectéd. relies on the computation of a surface Brillouin zone rather
Various theoretical predictions and experimental studieghan the complete dispersion surface. As a result, it is not
have been reported regarding anomalous angular deviation egadily generalizable to arbitrary crystal orientations. In ad-
high frequencies near the photonic band gap. ¢timl® re-  dition to a plane wave expansion for calculation of the group
ported beam deviation inside a two-dimensiof#d) crystal  velocity, this work also included an analysis of the coupling
and attributed the deflection to non-linearity in the dispersiorefficiency across the air-photonic crystal interface, based on
relation near the Brillouin zone edges. Subsequently, it haa layer-Korringa-Kohn-RostokdKKR) method. This is re-
been realized that the anisotropy of the photonic bands playguired because the analysis is done for higher frequencies
a crucial role*® The propagation through photonic crystal where many bands can couple. In contrast, we have not con-
prisms has been analyze® and a number of applications sidered the issue of coupling, because at lower enetgieh
proposed:'! This phenomenon has been studied using as considered hereit is not possible for more than a few
transfer matrix approach, in both one and two dimensionabands to play a role. Finally, the technique described here
crystals'?13 Other theoretical predictions involving the su- only requires the numerical computation of the band struc-
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ture, which can be performed to essentially arbitrary preci-
sion using available softwaré.

II. COMPLETE PHOTONIC BAND STRUCTURE

The basis for the superprism phenomena is anisotropy in
the photonic band structure, a feature which is strongly
present at frequencies near the photonic band gap. The effect
is very sensitive to the particular choice of incident angle
relative to the orientation of the photonic crystal, as well as °-°X U L = X ™ K
the incident wavelength. Hence, accurate theoretical model- wave vector
ing is needed in order to design and orient samples for opti- ) )
mized sensitivity at a given wavelength. Here we apply our FIG. 1. The Iowest eight bgnds in the bant_j structure of the
calculation to a particular crystal morphology, namely a|nverted fcc photonic cry.stal Igttlce, cgmputed using the plane wave
macroporous polymer, which is robust and easy tomethoc_i(F.{ef. 18. The dielectric matrlx_ has a refractive md_ex of
fabricate!® These three-dimensional polymer photonic c:rys-l'59 (S'm'lar. to polystyrenk and the ar spheres overlap slightly
tals are formed by using colloidal crystals as templates_(rrr:azo'se’) in order to r.nOdel an experimentally .real'zable sample.

- e horizontal dashed lines represent the energies used to compute
Macroporous polymer templates can be prepared from hlgthe dispersion surfaces shown in Fig. 3
quality silica colloidal crystals with controlled thickne®s. o
These are inverted face-centered-cuffec) structures, i.e.,
interconnected air spheres in a close-packed fcc configura- !ll. DISPERSION SURFACE AND PROPAGATION
tion in a polymer backgrountf. Though these inverted struc- DIRECTION
tures do not provide a high enough dielectric contrast for the
formation of a full band gap, they do possess substantial stop The complete photonic band structure gives information
bands indicative of a partial gap along tfel1 crystalline  about how the band structure varies fréhpoint to all pos-
axis? This is an indication of strong band structure anisot-sible points on the Brillouin zone surface. From this, all pos-
ropy, which is sufficient for the manifestation of the super-sible values of wave vectors in the three-dimensional space
prism effect. for a particular energy or frequency can be calculated. The

The band structure for the macroporous polymer is calcup|ot of all these wave vectors in thespace for a particular
lated using an available software packdgehich utilizes  energy gives an equal-energy surface known as a dispersion
the plane wave method. This software computes definitegrface. It is analogous to the index ellipsoid in conventional
frequency eigenstates of Maxwell's equations in periodic diysta| optics or to the Fermi surface in electronic crystals.
electric structures for arbitrary wave vectors, using fully- The shape of the dispersion surface depends on the cho-

vectorial and three-dimensional methods, and is specificall e .
designed for the study of photonic crystals. For better con)-éen value of energy, specified by the frequency of the inci

vergence, a grid of 16 16x 16 is taken with mesh size of 7. dent light. For small values far below the stop band, the band

. structure is isotropic in nature. In this case the dispersion
To simulate the structure of macroporous polymer templates

we define the lattice geometry for the fcc lattice and set théurface IS sphen(_:al, with a radius given by th? magnitude of
ratio of sphere radius to the primitive unit cell length to be Wave€ Vector which corresponds to a velocity @Mye,
slightly more than 0.5;/a=0.53. This corresponds to plac- W€r€Nayis the averageéhomogenizeprefractive index. At
ing the air spheres slightly closer together than their diamPigh frequency values, near the photonic band gap, the band
eters, leading to small windows which interconnect the inter-Structure anisotropy is strong. As a result, the shape of dis-
nal air networkk?® This accurately reproduces the Persion surface deviates from spherical, though it retains the
morphology of the sampléS.The dielectric constant of the Symmetry of the Brillouin zone.
polymer background is taken as 2.52&Dbrresponding to To understand how this distortion of the dispersion sur-
n,=1.59), which is roughly the value for polystyrefisThe  face leads to the superprism phenomenon, we first examine
typical band structure for the lowest eight bands is shown ithe band structure at small frequency values. Figu&® 2
Fig. 1. Here, Q is the normalized frequency given by shows the band structure for the second band at small fre-
(wal27rc) or (a/\), wherea is the length of the primitive quency values, from thE point to five other high symmetry
unit cell. points on the Brillouin zone surface. At these values of fre-
The band structure shown in Fig. 1 is depicted in a stanguency, the magnitude of wave vector for all five directions
dard way for the fcc lattice. It only displays the energy alongis nearly the same. As a result, the dispersion surfaces at
lines connecting the high symmetry points on the Brillouinthese energies are sphereskispace. In contrast, Fig.(12
zone surface. However,acompletegphotonic band structure is shows the band structure for the fourth band at higher fre-
needed to calculate the dispersion surface. In other wordsjuencies. In this case there is a strong dependenti¢ o
we must calculate the band structure from thpoint to all the direction ink space. So at higher frequency values, a plot
possible points on the Brillouin zone surface, not merely toof the dispersion surface ik-space does not produce a
the high symmetry points. We can of course use the symmesphere, but a distorted shape. The differences in the magni-
try of the Brillouin zone to reduce the computational load. tudes of wave vectors in different directions for a particular

Frequency (wa/2nc)
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value of frequency are essentially the band structure anisothe modes are not pure TE or TM bosh and p-polarized
ropy. In Fig. 3, examples of iso-energy surfaces are showtights exhibit some degree of coupling. We expect that
for the macroporous polymer sample under consideration, gi-polarized light couples more efficiently for the specific ori-
the three energies denoted by horizontal dashed lines in Figntations described here because the modes have odd parity
1. We note that these dispersion surfaces retain the symmettwith respect to th§110, symmetry plane in which the in-
of the Brillouin zone. ternal propagating-vector is confined, as described be)ow
The propagation direction can be obtained directly fromin any event, the incident polarization is not relevant in com-
the dispersion surface First, the incident wave vector is puting the variation of the internal propagation angle with
obtained by drawing the free space dispersion surface incident angle or wavelength, since the propagation direction
spherg, and then drawing a ray fromi point to a point on is determined entirely by the shape of the dispersion surface.
this surface to represent the incident wave vestgr The
orientation of this incident wave vector defines the incident
angles @, and ¢;,). The propagation wave vector inside the
crystal is obtained by noting that the component of the wave With the computed dispersion surface, it is possible to
vector parallel to the crystal surface is conserved across thealculate the incident and propagation angles with respect to
boundary. Hence a corresponding pdipton the photonic  any set of planes in the crystal, or equivalently for any arbi-
crystal dispersion surface is obtained, representing the propé&ary crystal orientation or facet. For illustrative purposes, we
gation wave vector for the radiation inside the crystal. Fi-calculate here the results with respect to {i¢1} set of
nally, the propagation direction is obtained as normal to theplanes since they are most readily accessible
dispersion surface at the end point of the propagation wavexperimentally>?°We also report a few results for t{@01}
vector Kp, since the group velocityy is given by v,  face since it is possible to grow the colloidal crystals with
=Viw(k). If the dispersion surface is spherical, then thisthis face exposed by employing specially patterned
gradient points radially, and the wave propagates in a direcsurfaceg*
tion parallel to its wave vector. As a result, the propagation As we are dealing with three-dimensional crystals, the
angle does not change drastically for small changes in therientation of the incoming beam is defined by two param-
incident orientation. However, if the dispersion surface iseters, ¢;, and ¢;,. Similarly, 6, and ¢,, define the internal
distorted, then the gradient can be a sensitive function of thpropagation direction. The dispersion surfaces obtained at
incident angle. Sensitivity in wavelength arises from the factifferent frequencies differ in shape but retain the symmetry
that the shape of dispersion surface changes with smatif the Brillouin zone. Itis clear from Fig. 3 that the gradients
change in frequency. The more distorted the shape of thef these dispersion surfaces will not, in general, point along
dispersion surface, the more drastic is the change in propa direction parallel t&k,. However, due to the symmetry of
gation direction and hence the more pronounced is the supethe Brillouin zone, ifkj, lies in the planek,=k,, thenkp
prism effect. will also lie in this plane, as will the propagation direction of
We note that this analysis neglects the parity of the bandshe radiation. Hence, for this particular set of input wave
which influences the coupling efficiency from free space intovectors, the propagation direction can be parametrized by a
the photonic crystal modes, depending on the incident lighsingle angle. This condition holds regardless of which crystal
polarization'® However, since in a three-dimensional lattice facet is exposed. We note that the dispersion surface offers

IV. RESULTS AND DISCUSSION

FIG. 3. Isoenergydispersion surfaces com-
puted from the full three-dimensional photonic
band structure, a small portion of which is shown
in Figs. 1 and 2(a) Band No. 2,Q2=0.50. (b)
Band No. 3,Q0=0.80.(c) Band No. 4,(=0.73.
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> 2 FIG. 5. Computed internal propagation direction as a function of
\/kx + ky frequency for an incoming beam incident o1} facet of the
photonic crystal, at a fixed orientation o®i{, ¢;,)=(39°,90°).
FIG. 4. One quadrant of a slice through the iso-energy surfac&ince ¢;,=90°, the incident beam is in th{glo} plane, and as a
shown in Fig. &), along the planek,=k,. The free-space and result the propagating beam also lies in this plane.
photonic crystal dispersion surfaces are shown, along with the edge
of the Brillouin zone. This diagram illustrates the construction for . . .
determining the internal propagation direction for a given input ray.2f in=39° relative to the{111} axis, as a function of the
The vertical dashed line represents the momentum conservatiof@velength of the incident light. At small frequenci@s, is
condition for the component df perpendicular to the surface nor- constant, with a value given by Snell's law as expected for
mal (in this example, thé100; axis). The incident wave vectdr,, ~ an isotropic band structure. At high frequenciés<0, so
(at an angle of 24° relative to the surface normahe internal negative refraction occurs. Ne&=0.80, the propagation
propagating wave vectdr, , and the surface gradiefdenoting the  direction is a very sensitive function of frequency and there
propagation directionare shown. For this particular choice of input is a drastic change in the value 6 from negative to posi-
angle, the propagating ray exhibits negative refraction. The {aset tive values. For an input wavelength of around 1300 nm, the
right) shows the full slice through the dispersion surface, along withangular dispersion in this region is of the order of 14°/nm.
the edge of the Brillouin zone. This is substantially larger than the values achieved in planar
photonic crystal$! and could prove valuable for wavelength
an easy way to confirm this result, which otherwise requiresiivision multiplexing.
a more complex analysi§:?°~2% For beam steering applications, a relation betwégand
Figure 4 shows one quadrant of a two-dimensional slicey, for a particular value of frequency is needed. This result
through the dispersion surface of FigcB along the plane il of course depend on which crystal facet is exposed, due
ky=Ky . The inset shows the complete two-dimensional sliceto the momentum conservation condititsee Fig. 4 How-
along with the Brillouin zone boundary in this plane. This ever, as noted above, once the dispersion surface is deter-
figure illustrates an example of the construction for determined itis easy to compute the result for any chosen Crysta]
mining the propagating wave vector. In this example, theprientation. We discuss the two relevant cases mentioned ear-
incident energy i€2=0.73[as in Fig. 3¢)], and the incident Jier, for which the{100 and{111} faces are exposed. In both
angle is 6;,=24° relative to the surface normavhich, in  cases, the angle% and 6,, are measured with respect to the
this case, is th¢100; axis). The example shown here illus- syrface normal. Figure 6 shows the computed relation be-
trates the phenomenon of negative refraction, which has beajeen these two angles féa) Q =0.30(band No. 2 and(b)
the topic of much recent discussiéh>* As noted previ- ()=0.73(band No. 3, for the case of th¢100 surface. The
ously, it is possible in a photonic crystal to have negativelow frequency result is, unsurprisingly, smoothly varying and
refraction without a negative effective refractive index. is consistent with Snell's law for the averagemogenizef
This follows because the refraction is determined by the lorefractive index. At the higher frequency, there is a sudden
cal anisotropy of the dispersion surface, as shown in Fig. 4ymp in the internal angle, from negative to positive values,
It should also be clear from this figure that a small change iyt incident angles of roughly25°. The rate of change is
the incident angl€in this case, a small incregsean move  approximately 8° for 1° change in the input angle. The varia-
the resulting value okp across a region of substantial cur- tion of 6p With 6., is symmetric about,,=0° (i.e., normal
vature on the dispersion surface, leading to a very larggncidence, as a result of the fourfold symmetry of the dis-
change in the propagation angle. persion surface. This symmetry can be seen in the inset to
Figure 5 shows the variation of the internal propagationfig. 4. In contrast, th¢111} axis is not a symmetry axis for
angle with frequency, this time for the case ofld1} input  this dispersion surface, so the variationef with 6;, is not
facet. As above, the input beam is confined in {140} expected to be symmetric about the surface normal. Figure 7
plane, so the propagating beam is also confined in that plarghows the result for the case of tfid 1} surface; as in Fig. 6,
and its direction is specified by a single angle. Here, wehe low frequency result(¢ = 0.30) obeys Snell’s law, while
display the propagating ang for a fixed input orientation the result for a frequency higher in the barfd£€0.73) ex-
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FIG. 6. Computed dependence of the internal
propagation angle on the input angle. Both the
input beam and the beam propagating inside the
photonic crystal are confined in t§&10} plane.

(@) 2=0.30.(b) Q=0.73. In both cases, the in-
put facet is assumed to be{#00 lattice plane.
The low frequency behavidg) is consistent with
Snell's law, whereas at high frequencies a strong
angular dispersion is observed.
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hibits discontinuities due to the warping of the dispersion This property can be applied to optical sensing. If the
surface. Also, we note in Fig.(B), for 6;, near 75° and polymer which comprises the photonic crystal is also a rec-
—50°, there are two values of the propagation angle. This i®gnizing agent for a certain analyte, then the presence of the
a manifestation of the birefringence effect reported in earlieanalyte would lead to a small shift in the index of the pho-
works>16 tonic crystal, due to adsorption or chemical reaction with the
It is instructive to examine more closely the regions ofpolymer. This shift would in turn lead to a large change in
high angular sensitivity, and explore the behavior for smallthe internal propagation angle, which may be more easily
variations in the input parameters. Figure 8 shows a close-ugetected than the corresponding shift in the wavelength of
view of the sensitive region near 45° in Fighy, for several the optical stop bantf We note that this sort of calculation is
different closely spaced frequencies. It is clear from this plotsomewhat more cumbersome than for the earlier examples,
that, in order to observe the superprism effect, bjthand  since one must compute a new dispersion surface, not only
the radiation frequency need to be carefully chosen. For exfor each energy, but also for each different refractive index.
ample, for a frequency dft =0.8, the extreme sensitivity to Nevertheless, the procedure, once the dispersion surface is
input angle occurs for an input angtg, of around 40°. A determined, remains the same.
small shift in frequency, to)=0.82, shifts the angle at So far, all of our illustrative results have been restricted to
which the effect occurs to about 37°. In this case, no signifithe case where thk-vector of the input beam lies in the
cant effect is observed at input angles near 40°. planek,=k,, so that the internal propagating beam direction
We can also explore the sensitivity to small changes in thean be parameterized by a single angle. We have concen-
refractive index of the macroporous polymer medium. Astrated on this situation for ease of displaying the results.
with small changes in the frequency, we expect that smalHowever, the superprism effect is still present even if this
variations in the properties of the photonic lattice can alsacondition is not satisfied. As an illustration, Fig. 10 shows a
lead to large changes in the internal propagation anglegortion of the three-dimensional dispersion surface fbr
within a certain narrow range of parameters. Small changes 0.73, along with the propagating ray and wave vector for a
in the refractive index of the polymer backbone will lead to particular input ray. This illustrates the large out-of-plane
small variations in the curvature of the dispersion surface apropagation that can occur if the dispersion surface is
a fixed frequency, which can shift the point at which thewarped. Figure 11 shows the calculated propagation direc-
incident wave vector intersects this surface. Figure 9 shows tion for out-of-plane propagation, for a fixed orientation in-
typical set of data illustrating this effect. Here we computeput ray at @, , ¢i,) =(50°,85°), as a function of frequency.
the internal angledp as a function of the incident light fre- For small frequencies, the propagation beam stays in the
quency, for several different values of the polymer refractiveplane of the incoming beam. But for high frequencies, both
index. As the index increases by steps of less than 0.1%, th&, and ¢, are sensitive functions of frequency. There is large
frequency at which a large angular dispersion is observedut-of-plane propagation and at aroufid=0.734, bothé,
shifts systematically to lower values. Calculations show thatnd ¢, change drastically. For frequencies abo¥g
at around() =0.80, a maximum change of around 70° in the =0.735, ¢, reaches a constant value of around 93°. This
propagation angle is obtained for 0.63% change in the polybehavior may offer improvement in previously described ap-

mer index. plications since beams of slightly different frequencies
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FIG. 8. A close-up view of the situation shown in Figby, near
the incident angl&,,=45°, for several closely spaced frequencies. _ . .
The angle at which the superprism effect is observed is a sensitivganF(;Géolt?]' HAgn(zjc(;)an;a?]f ;25; _eod::sg;\ﬁ)lerﬁ‘l(t)r?esirﬁl(r:?r%?r?ugt;am
function of the input frequency. However, the angular width of the o P p ) g ) y ) 9 )
transition region is not too sensitive. is not in the{110} plane. This is illustrated for an input ray with

0,,=137° and¢;,=89°. Only the propagation wave vectdrom
the I point to the dispersion surfacand the propagation direction

would be much better resolved inside the photonic crystal. | arrow, 6,=100°, ,=37°) are shown.

order to observe such a large out-of-plane propagation a
220mw?elsn I;:)?/;/nl(f)r’o\r/neré/oflr:)l%ks Cgstf[’“sig;ﬁy 2; nze?:x‘n:ir_'egion. From a careful examination of Fig. 8, we note that the

Pies g ; : ypically only width of this transition decreases for increasing frequeicy
crons thick, although thicker high-quality crystals have beerHowever even at a frequency 6f=0.8, the width of the

7 [l — V.0,

repqrted3. ... transition isA 6,,~1° or ~17 mrad. An angular divergence
. Finally, as the calculated_ anglg and wavelgngth sensmwa less than 1 mrad is readily obtained using many different
ties are very Ia_rge, a con5|de_zrat|on of exper |mental_ ParaMy, ser sources. Even a focused beam does not exhibit too
eters is appropriate. An experufnen'gal reallzat!on of Fh|s eﬁecmuch divergence, as long as the focal length is not too small
depends on the degree of collimation of the incoming beamCe 9. f>4 mm for' a 0.5 mm diameter input beam

. . . 38 9., .
We'sesxueegm?:t hi?]sot;(ejgp tgogfé'gﬁregbrseecrizt%gyeif?;e sen- Another factor to consider is the influence of defects and

Ve Exp ’ i ‘early . disorder, which are inevitable in self-assembled structures.

sitivity .Of the propagation direction to the various Param- ro role of uncontrolled defects in a photonic crystal is a
eters, it will be necessary for the input beam to be weIIinatter of much current intere®.In the case of typical

collimated, so that the spread in incident angles is smalmacro orous polvmer photonic crvstals. the presence of dis-
compared to the angular width of the sensitive transition re- P poly P y ’ P

sol ' i 100 - T o .o
50} sl 0 o
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FIG. 9. Internal angledp as a function of frequency, showing FIG. 11. Computed internal propagation direction as a function
the sensitivity to small changes in the refractive index of theof frequency for an incoming beam incident ¢tl1} face of the
macroporous polymer backbone. In this calculation, the incidenphotonic crystal, at a fixed orientation of{ , ¢;,) =(50°,85°). At
angle is fixed a®;,=39° with respect to th¢l1l} input facet. The high frequencies, the propagation beam is not confined in the plane
eleven data curves show the result for polymer indices ranging fronof the incoming beam, and bot# and ¢, exhibit large angular

1.59 to 1.60, in increments of 0.001. dispersion.
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order leads to scattering, which depletes the primary propamorphologies that can be fabricated using templating
gating mode and generates a diffuse background. This shoutdchniques/*° The superprism effect is observed in regions
have little impact on the measurements described here, umvhere the band structure anisotropy is substantial, although
less the depletion of the primary mode is substantial. As longenerally only for a narrow range of input parameters. This
as there is sufficient energy left in the primary mode to de-underscores the crucial role played by theoretical computa-
termine its propagation direction, the superprism effection in the exploitation of this effect. Since the phenomena is
should still be observable. In fact, one could argue that th@nly observable for a specific set of input orientations and
superprism geometry described in our work is one of the fewaser wavelengths, a careful theoretical study is needed to
proposed applications of these materials which is largely properly design any experiment. The method presented here
sensitiveto disorder, since it relies only on a determination ofis quite flexible, in that it only requires the full band structure
the change in locatiofand not on an absolute measurementof the three-dimensional photonic lattice. We predict a very

of the change in amplitudeof the transmitted beam. large angular dispersion of 14°/nm, more than sufficient for
most wavelength division multiplexing applications. We also
V. CONCLUSION consider the possible applications of the superprism phenom-

) ] enon to optical-based chemical sensing.
We present an analysis of the superprism phenomena for a

macroporous polymer photonic crystal, using a sample ge-
ometry that is readily fabricated. This method is an extension
of the theory developed earlier for two-dimensional crystals, This work was funded in part by the National Science
and is well suited to the study of the wide variety of complexFoundation and the Robert A. Welch Foundation.
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