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Coupled guide and cavity in a two-dimensional photonic crystal
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We demonstrate, in a planar two-dimensiofD) configuration, in the optical regime a clear
association of two photonic crystal elements and the ability to produce a low-loss coupled system.
A channel waveguide is brought to between two and five crystal (@68 to 1126 nmhfrom a 2D
microcavity fabricated in a GaAs/AlGaAs waveguide. We probe these two elements individually
and explore their interaction. @001 American Institute of Physic§DOI: 10.1063/1.1355647

Photonic crystal$PCg are recognized for their potential exits from the cleaved edge, provided that it is located within
as a platform for realizing compact and highly functional 100 um of the patterngS1) (Fig. 1).)” The 2D photonic
optoelectronic circuits in both tw¢2D) and three dimen- crystal only provides an in-plane photonic band gap for TE
sions(3D).2? Planar 2D structures have received much attenpolarization and we measure only this polarization.
tion because they are easier to fabricate yet provide most of Previously, we have investigated isolated microcavities
the functionality of 3D structures?® Recently, groups Of the same typein the E2—S3 configuration and observed
worldwide have looked at PC cavitfed! and wave- that the 3D confinement provided by these cavities is good.

elements—a photonic crystal channel waveguiBE-WG Similar spectral features are observed here when the wave-

and a photonic crystal microcaviPC-MC—which marks ~ 9uide is five rows from the microcavitﬁfig. 0] Vée at-
an important development in this field. We show that thellPUte ~ the observed modes to “quasi-radid” or
nature of the PC-WG gives rise to an unusual type of mod?Fabry—Perot resonances of the cavity, with wave

coupling that proves effective in coupling the microcavity to rontts patrtalleijt(f) thfe_ (l::\{'t%r? Oé?}dary, giving rise to a signifi-
the waveguide. Moreover, we show that the interaction sattan Rsc‘accinetlre :rhlae o Ir?1ea§ re;j the properties of PC-WGs
isfies an important requirement for photonic integrated. y, W v -asu propert e

e . . 2 “""in the E1-S1 configuratidh and observed transmission
circuits—the capacity to couple various elements with mini-

mal losses.
The structures are fabricated in a waveguide consisting S1"‘
of a GaAs core and asymmetric AlGaAs cladding layers. planar waveguide

Three layers of InAs quantum dots, located in the center of
the core, have a large distribution of dot sizes and, hence, a
broad photoluminescencéPL) spectrum[920—1060 nm
(Ref. 195]. The PC patterns, with a period of 260 nm and
hole diameter of 170 nm, are generated using electron-beam
lithography(Fig. 1). Reactive-ion etching is used to transfer
the pattern through the waveguide core to a total etch depth
of 0.8 um.® The PC-MC has an area of 8m” and the
PC-WG is 0.61um wide. PL is excited with a 3um diam-

eter laser spot that can be positioned to any locafiatiow-

ing us to excite either at the guide entrariEd) or inside the
cavity (E2) (Fig. 1). Also, we can detect either the PL emit-
ted normal to the sample surface on either side of the cavity
(S2 or S3* or the transverse electri@E)-polarized PL that

FIG. 1. Localized PL setup showing the different excitation points either

near the guide entrand&l) or in the microcavity(E2). Collection from

dpPresent address: Intense Photonics Ltd., Block 7 Kelvin Campus, West dioth the cleaved edg&1) and through the excitation objectiv82 and S
Scotland Science Park, Glasgow G20 0TH, Scotland, UK; electronic mailis used. Scanning electron microscopy micrograph image is for 260 nm
chris_smith@intensephotonics.com period photonic crystal.
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960 980 1000 1020 1040 1060 FIG. 3. () Schematic of coupling mechanism: energy radiates across the
Wavelength (nm) intermediate boundarivhite arrow, where it can couple to the higher order

modes of the waveguid@ray arrow$, that can then couple to the funda-
FIG. 2. Spectra for the uncoupldéa) and (f)] and the coupled(b)—(e)] mental mode{blgok arrqws; by means of the_waveguide_ anticrc‘)ssin‘g mecha-
elements(a) Signal S1 for excitation near the waveguide entraic® and ~ NiST- Schematic showind) open microcavity andc) microcavity with far

N=5 rows. The fast oscillations are the Fabry—Perot fringes between thgvall that is essential to the prodyction_ ofa couple_d system and observation
cleaved edge and the PC. Signal S1 for excitation in the PCAS&, and  ©f these modes through the anticrossing mechanism.
(b) N=4 rows, andc) N=2 rows.(d) Signal S3 ande) S2 for excitation in

the PC-MC and a strongly coupled cade¢=2 rows. (f) Signal S3 for . . . .
N=5 rows, the reference “uncoupled” PC-MC. All clusters have similar tions in the spectral position of the peaks are due to fabrica-

intensities. tion fluctuations.
Observation(i) clearly indicates that the coupling be-

i . tween the two elements is due to the anticrossing mechanism
properties that depend strongly on the periodic nature of thega¢ \was observed for the waveguide. Indeed, the cavity
waveguide boundaries. Energy traveling forward in the funy,o4es radiate preferentially through the wall with a large
damental TE mode couples to one of the backward propagafransyverse momenturftransverse with respect to the wave-
ing higher-order modes by means of the periodicy,ige propagation axisnamely they couple to the higher
perturbation introduced by the PC-WG boundary, with mo-oder transverse mode of the waveguide. This higher order
mentum conservation being achieved by the reciprocal latticg,gde then couples to the fundamental mode via the anti-
vector of magnitude 2/a. As a result, a narrow ministop- crossing mechanisifFig. 3@)]. It should be noted that the
band that stems from the anticrossing of these two coupleglistance between the waveguide exit and the middle of the
modes was seen in the Waveguide transmission spectrum. @hide7 and hence the microca\/ity, is short eno(@h‘y 18
identical spectral feature is observed for the present PC-WGpws) so that sizeable transmission is obtained while the
when there are five rows of photonic crystal between thesjow group velocity of higher order mode ensures good con-
PC-WG and PC-M(Fig. 2a)]. Clearly, the intrinsic char- version between the higher order and fundamental mode.
acteristics of these two elements are well defined even whephe density of the peaks, observatitn), suggests that any
in relatively close proximity(1.12 um separation If we now  cavity mode with a transverse momentum will be coupled to
excite inside the cavity but bring the waveguide to withinthe PC-WG, with varying but sizeable efficiency.
four rows of the microcavity, light is coupled from the Finally, the fact(iii) that the cavityQ values do not
PC-MC into the PC-WG as shown by the extra peaks in thelegrade as the interaction is increased suggests that the reso-
spectrunfFig. 2b)]. If the distance is decreased to two rows, nant modes observed are those of the coupled cavity-
the peaks are larger and more numerous, i.e., coupling iwaveguide system. We have statediin that the interaction
stronger{Fig. 2(c)]. between the waveguide and the cavity is via the interaction

There is a number of striking features in these observaef the cavity quasi-radial modes and the higher transverse
tions: (i) Coupled peaks in the waveguide transmission arerder mode of the waveguide. In the first instance, consider
only observed in the 980-1000 nm wavelength range thathe simple transfer of energy from the microcavity if we
corresponds to the spectral position of the ministopband ofvere to replace the guide with the continuum. We represent
the PC-WG of Fig. Ba). (i) The number(~6) of observed this case in Fig. @) as a 1D system, since the wave fronts of
modes in this 20 nm wide range is close to the estimate othe modes of interest are almost normal to the confining
the 2D density of states using the bare PC-MC gright  boundaries. The two rows of the coupling PC region have a
expected peaks$? (iii) The observed quality factor§, are  transmission in the 40% rang&{60%) so one would ex-
constant, regardless of the separation between the PC-Wgkct to observe a quality fact@~ 400 for the cavity modes,
and PC-MC. As for their absolute value, we are limited byas deduced from a ray tracing approach. As we obs€rve
the resolution of the spectrometer—so that acQalalues >1000, there is no doubt that the observed quasi-radial

are aboveQ~1000. It should be noted that the slight varia- modes® “see,” in the coupled system, the boundary of the
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