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P hotonic crystals are dielectric 
materials with a periodic structure 
that gives them fascinating optical 

properties. Th ey can effi  ciently refl ect 
wavelengths of light that are resonant with 
the crystal periodicity, which not only gives 
them a beautiful angular-dependent colour, 
but also provides them with the ability to 
trap light in specifi c frequency windows 
called photonic bandgaps1,2. Th anks to 
their capacity to confi ne light, photonic 
crystals can serve as the basis material for 
the development of photonic components 
capable of processing signals optically3. In 
practice, a photonic bandgap can be created, 
for instance, by drilling a periodic array 
of submicrometre-sized holes in a planar 
waveguide. Th is inhibits the propagation 
of light in the waveguide at frequencies 
within the bandgap. Leaving out or fi lling 
in a row of holes then creates a waveguide, 
and fi lling in, for instance, one specifi c hole 
creates a microresonator. To create photonic 
components that can process optical signals, 
like an optical switch or multiplexer, it is 
crucial to functionalize the material. Th at 
is, it should be possible to control the local 
optical response of the photonic crystal to an 
optical signal with a second optical control 
signal. Th is optical response should also 
be very fast to cope with high-bandwidth 
optical signals. On page xx of this issue4, 
Xiaoyong Hu and colleagues at Peking 
University report on an elegant approach to 
optical signal control by creating a strongly 
nonlinear photonic crystal. Th e nonlinearity 
in their material is capable of rapidly shift ing 
the wavelength of the photonic bandgap 
when the control signal is present, thereby 
switching the transmission of the optical 
signal on and off . Previous attempts to 
achieve such nonlinearities required much 
higher intensities than could be realistically 
implemented in actual devices.

Th e trick that Hu et al. used to create 
this nonlinear eff ect is based on the careful 

interplay between two molecules, namely a 
polymer and a laser dye (Fig. 1). Normally 
the nonlinear optical response of a material 
is relatively weak. Th e eff ect can be expressed 
as the change in the refractive index at a 
certain light intensity. In common photonic-
crystal materials, this value is typically of the 
order of 10–6 or less for laser intensities of the 
order of megawatts per square centimetre. 
Th is means that, to obtain an appreciable 
switching eff ect, the output of huge lasers 
would need to be focused on the device. 
Th is is not only impractical, but can oft en 
also destroy the material. To form an idea of 
the powers involved, similar intensities are 
used for laser welding and cutting metals. 
Ultrafast switching has been demonstrated in 
silicon-based photonic crystals using optical 
excitation of free charge carriers to achieve 
nonlinearity5,6, but the intensities required 
for switching remained high. Hu et al. have 
now managed to bring the required power 
down to the level available from a typical 
simple laser diode.

To obtain a nonlinear response, it is 
very advantageous to put molecules in an 
excited state, which creates a signifi cant 

change in the refractive index. However, 
absorption in the material should be 
avoided, as this attenuates and eventually 
destroys the optical signal. Th e dilemma is 
that for a molecule to be excited, it has to 
absorb energy in some way. Th e solution 
implemented by Hu et al. is to use one 
molecule to absorb the light and another 
one to create the nonlinear eff ect. Th e fi rst 
molecule (laser dye in this case) absorbs 
the light from a control beam and then 
transfers its energy directly and effi  ciently 
to a polymer. Th e polymer then exhibits 
a nonlinear response in a very diff erent 
wavelength window in which the absorption 
is negligible. Th is elegant trick of direct 
energy transfer has been studied on previous 
occasions7,8, but Hu et al. have now managed 
to do this with greater effi  ciency and have 
implemented it in a photonic crystal. Th e 
fi nal result is simple, but amazingly eff ective.

Th ese results open up the way to 
realizing optical control in structures based 
on photonic crystals and other polymer-
based photonic devices. In addition to 
polymer structures, which are limited in 
terms of the contrast of the refractive index 

A strongly nonlinear photonic crystal with a wavelength-tunable bandgap could provide the 
solution to realizing all-optical switches that are controlled by light.
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Figure 1 A photonic crystal incorporating interplay between two molecules to create a strong nonlinear optical 
response and switch optical signals. 
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that can be obtained, the concept could also 
be integated with higher-contrast materials, 
such as silicon. Ideally the doped polymers 
would be incorporated locally in individual 
pores of a photonic crystal (see Fig. 1). 
Th eir function in this case would become 
twofold. On one hand the local change of 
the refractive index would create waveguide 
and resonator structures, and on the 
other hand, the nonlinearity of the doped 
polymer would allow the central wavelength 
of the resonators and waveguides to 
be tuned. A design in which a specifi c 
refractive index and nonlinear constant 
could be assigned to each individual pore 
could lead to the construction of devices, 
such as optical multiplexers and optical 
controlled-delay lines.

An issue that remains to be tackled 
is that of intrinsic disorder in the sample. 
Regular crystals, as used in electronics, are 
made from atoms or molecules that are 
naturally all the same size. Th is enables 
them to be extremely pure and ordered. 
Photonic crystals, on the other hand, are 
constructed from building blocks, such as 
pores in slab waveguides or microspheres 

in the case of three-dimensional structures. 
Th ese building blocks have size variations 
that are small but intrinsically present. 
Photonic crystals therefore suff er more from 
structural disorder then electronic ones.

Ironically, whereas disorder is 
now seen as a major bottleneck for the 
implementation of photonic-crystal 
technology, it was originally one of the 
inspirations to investigate such structures 
in the fi rst place. Th e original motivation 
to realize and study photonic crystals was 
conceived within the context of confi ning 
light with disorder2. Th is eff ect, called 
localization, is caused by interference in 
disordered structures, which occurs both 
for electrons and light. Localization can 
trap waves that are multiply scattered, 
and the phenomenon is expected to be 
strongly enhanced inside a photonic-crystal 
structure2. Although the physics behind 
this complex phenomenon is not yet fully 
understood, it could provide an opportunity 
to solve the disorder bottleneck. Th e eff ect of 
a strong optical nonlinearity on localization 
would be fascinating from a fundamental 
point of view and could also be applied in 

nonlinear components. Th e doped polymers 
created by Hu et al. would be ideal for 
creating the appropriate nonlinearities.

Th e fi eld of photonic crystals is 
maturing, and the challenging applications 
originally envisioned related to optical data 
processing9 might start to become a reality 
in the near future. Th e lesson we can learn 
from the development of the fi eld is that 
promises of future applications can become 
a reality, but thorough fundamental research 
is nearly always required before such devices 
can be designed and developed.

References
1.  Yablonovitch, E. Phys. Rev. Lett. 58, 2059–2062 (1987).
2.  John, S. Phys. Rev. Lett. 58, 2486–2489 (1987).
3.  Vlasov, Y. A., O’Boyle, M., Hamann, H. F. & McNab, S. J. Nature 

438, 65–69 (2005).
4.  Hu, X., Jiang, P., Ding, C., Yang, H. & Gong, Q. Nature Photon. 

2, xx-xx (2008).
5.  Leonard, S. W., van Driel, H. M., Schilling, J. & 

Wehrspohn, R. B. Phys. Rev. B 66, 161102 (2002).
6.  Eusera, T. G. et al. J. Appl. Phys. 102, 053111 (2007).
7.  Zhou, Q. L., Hefl in, J. R., Wong, K. Y., Zamani-Khamiri, O. & 

Garito, A. F. Phys. Rev. A 43, 1673–1676 (1991).
8.  Rodenberger, D. C., Hefl in, J. R. & Garito, A. F. Nature 359, 

309–311 (1992).
9.  Joannopoulos, J. D., Villeneuve, P. R., & Fan, S. Nature 386, 

143–149 (1997).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (NPG WEB PDF Job Options. 150dpi. 22nd September 2004. PDF 1.4 Compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice


