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To begin with, we present a new semi-analytical method that can predict losses 
due to disorder in photonic-crystal waveguides (whereas brute-force methods are 
nearly prohibitive), use it to predict a measurable decrease in surface-roughness 
loss due to a bandgap in a realizable structure, and show what designs enable 
this effect [1]. Our method is based on the decades-old “volume-current method” 
(or 1st Born approximation to the Green’s function), where a perturbation 
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J ~ "#E  in terms of the unperturbed field E; we show, 
however, that a straightforward application of this idea for high-contrast 
nanophotonics can lead to an order-of-magnitude error in the predicted loss. 
Instead, the correct method for a surface “bump” with volume ∆V on an interface 
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polarizabilities that must be computed numerically (via a small calculation). Thus, 
we are able to quantitatively model an “apples-to-apples” comparison of a 3d strip 
waveguide with the same strip surrounded by a photonic-crystal slab, and further 
explore our theorem [2] that a photonic band gap, all other things equal, reduces 
radiation and does not change reflection loss from weak disorder. 
 
A related prediction (which we presented in PECS V) is that reflection losses scale 
inversely with the square of group velocity, making slow-light devices a challenge. 
To minimize disorder, we consider a fiber-based design, and predict unusual 
slowing, reversing, and trapping of light by adiabatic tuning of a negative group-
velocity fiber [3]. Finally, we turn to another fiber design which has recently been 
fabricated at MIT along with a nearby start-up, OmniGuide Communications Inc., 
which circumvents the problem of loss by exploiting a hollow core design to 
achieve record transmissions at 10.6µm wavelengths, and we show how this has 
recently enabled a life-saving new endoscopic surgical procedure. 
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There has been much excitement in recent years over the ability to slow down light, 
with opportunities for the realisation of optical delay lines and memories. The 
pioneers exploited the phenomenon of  electromagnetically induced transparency in 
atomic systems, e.g. bringing light almost to a standstill in ultracold atoms. More 
recently, EIT slow light has also been reported in solid state systems. In contrast, 
slowdown factors in photonic crystals are much lower (typical values of c/100 to 
c/1000 [1] are being reported), yet photonic crystals offer a key advantage: 
Bandwidth. Using the bandwidth x slowdown factor as a figure of merit, photonic 
crystals offer clear advantages over EIT systems. Furthermore, using their well-
known scaling capability, they can be tuned to any wavelength of interest and due to 
their dielectric nature, their response is entirely linear. Different photonic crystal-
based concepts for slow light generation and their practical realisation will be 
discussed. 
 
[1] H.Gersen, T.J. Karle et al., “Real-space observation of ultraslow light in photonic 
crystal waveguides”, PRL 94, 073903, 2005.  
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 Coupling of external light signals into photonic crystal waveguides becomes increasingly 
inefficient as the group velocity slows owing to an increasingly large mode impedance 
mismatch. We have systematically studied the efficiency of coupling from a strip waveguide 
into a photonic crystal waveguide for samples with different truncations of the photonic 
lattice at the coupling interface. Observation of fast oscillations near the transmission cutoff 
allows the spectral dependencies 
of the group index, coupling 
efficiency, and reflectivity at the 
coupling interface to be extracted 
independently. It is found that the 
coupling efficiency is 
significantly improved up to 
group indices of 100 for a 
truncation of the lattice that 
increases the local density of 
surface states, which are tuned in 
resonance with the slow light 
mode in the photonic crystal 
waveguide. Band structure 
calculations indicate that this 
resonant tunneling is responsible 
for increased coupling efficiency.   
 
 

Fig.1 Transmission spectra of PhC waveguides 
with different termination of the coupling 
interface. Inset: coupling efficiency and 
reflectivity dependencies on the group index. 
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We are progressively approaching the physical limits of microcavity LEDs (MC-

LEDs) for high brightness, high efficiency LEDs. They are promising high efficiency 
devices and they offer the very attractive prospect of full planar fabrication process. 
However, to compete with other high efficiency LED schemes, they need to approach or 
surpass the 50 % efficiency mark. We first explore the limits of planar MC-LEDs in both 
the GaAlInAsP and GaInAlN materials systems, and show that the single-step extraction 
limit is 40 % at best, with most of non-extracted light emitted into guided modes. 

We then discuss the various Photonic Crystal (PhC) structures that have been 
proposed to control spontaneous emission, and possibly enhance it, starting with the 
pioneering paper of Eli Yablonovitch. Funneling emission in one or a few channels has 
not yet been demonstrated. Even suppressing or enhancing the overall rate in 
photoluminescence experiments still appears difficult, for a variety of reasons.  

We will concentrate on extracting waveguided light. One uses PhCs as mirrors or 
diffracting elements, for a variety of purposes : in-plane microcavities, out-of plane 
scatterers, etc. We will show recent results on GaN based PhC LEDs. A detailed 
analysis of angular resolved emission patterns allows to determine the PhC dispersion 
curves, and the extraction efficiency for the various waveguided modes. 

Optimal design of a PhC extractor is strongly dependent on the material. In GaAs 
for instance, simple PhCs appear to lack the omnidirectional extraction properties 
required. However, more rotation-invariant PCs like Archimedean tilings allow to obtain 
such extraction with added efficiencies already in the 10% range. 

The research at UCSB  is supported in part by funding from SSLDC and Dept. of 
Energy 

 

Left : various schemes for PhC-assisted 
light sources 
Top : Angular resolved spectra of a PhC 
LED versus a classic LED in GaN 




