
and measured. All 100 emitters were defined within 
100x100μm areas and lased with emission wavelengths 
ranging from 1450nm to 1620nm. New optical cavity 
geometries were demonstrated to control the emission 
direction, tuning wavelength, and mode structures and Qs 
within the laser cavities. 

The devices most similar to Photonic Crystal Lasers are 
the whispering gallery mode lasers first developed by S. 
McCall et al. in 1991.10 In both structures, the light is wave-
guided in a thin membrane, and is reflected in the lateral 
direction to define a high Q cavity. In the microdisk lasers, 
the light reflects around the circumference of the laser disk, 
whereas in the photonic crystal devices, it is reflected from 
microfabricated photonic crystal mirrors. The cavity size in 
photonic crystal resonators is no longer limited by bending 
losses from total internal reflection, and can therefore be 
arbitrarily reduced through lithography. Laser cavities can 
also be easily coupled together through waveguides within 
the photonic crystal. The results described here show that 
microfabrication of optical structures has now evolved to a 
precision which allows us to control light within etched 
microstructures. This new capability allows us to reduce the 
size of optical components and integrate them in large 
numbers, much in the same way as electronic components 
have been integrated for improved functionality to form 
microchips. With laser cavity sizes far below a cubic wave
length, it now becomes possible to couple them together 
into coherent systems and derive advantages from new cavi
ty quantum electrodynamic effects. 
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Waveguide Microcavities with Photonic Crystal Mirrors 
C.J.M. Smith, T.F. Krauss, R.M. De La Rue, D. Labilloy, M. Ratti
er, H. Benisty, C. Weisbuch, D. Ochoa, R. Houdre and U. Oesterle 

The fundamental properties of waveguide-based pho
tonic crystals have been studied for some time and 

great progress in their understanding has been made.1 

Reflectivities in the stop-band of photonic crystal mirrors 
in excess of 90%1,2 have been observed as well as substan
tial pass-band transmission. The next stage is to use this 
knowledge for the design of active and passive devices. The 
study of cavities is a useful step in this direction, because 
cavities provide functionality in the form of filters2 and 
laser resonators3 as well as being versatile building blocks 
for miniaturized photonic integrated circuits.4 

We have concentrated on the study of relatively large 
microcavities, i.e. cavities that are several wavelengths 
long. This facilitates the use of photoluminescence tech
niques to excite the cavities internally via InAs quantum 
dots (Figure 1c); the use of larger cavities also reduces the 
influence of non-radiative recombination at the etched 
interfaces. In the vertical direction, the light is confined 
by a suitable semiconductor heterostructure, whereas the 
lateral confinement is provided by the etched photonic 
microstructure. We have studied both circular5 and 
hexagonal6 configurations (Figure 1a, b) and found high 
Q modes in both cases, indicating the high reflectivity of 
the photonic bandgap mirrors and demonstrating the 
ability of our structures to confine light very strongly. 

The spatial distribution of the modes in the cavity is 
relatively easy to understand in the case of circular cavities, 
where both radial and azimuthal ("whispering gallery") 
modes have been clearly identified.5 In the case of hexago
nal cavities, the picture is less clear, and our model shows a 
variety of mode shapes that we have not yet been able to 
map onto the experimentally measured spectra; this task is 
further complicated by the variable penetration of differ
ent modes into the microstructure, since the small fraction 
of light scattered by the microstructure is used to detect the 
light. The further a mode penetrates into the photonic lat
tice, the more likely it is to interact, so modes that pene
trate very little are likely to remain undetected. 

Immediate applications include coarse WDM, where 
one could envisage an array of (one-dimensional) cavi
ties2 with varying sizes to select different wavelengths, or 
a cascade of cavities designed to sharpen or otherwise 
engineer their spectral response. Alternatively, the pho
tonic crystal mirrors can be used in LEDs to minimize 
waveguide losses by reflecting light back into the active 
area that would otherwise be lost. 

Scherer Figure 3. Spectrum and L -L curve of room temperature photonic crystal laser 
cavity in InGaAsP multiple quantum well layer. The cavity volume of the laser is 0 .03 
cubic micrometers. The laser has a F W H M of 0 .15nm at about two t ime threshold. The 
L -L plot shows the approximate absorbed pump power and threshold is around 700uW 
peak power. 

Smith Figure 1. Different types of microcavit ies with a) circular Bragg mirrors 
and b) 2-D photonic crystal mirrors. The period in a) is 6 0 0 nm and in b) 240 
nm. c) PL spectrum of hexagonal cavit ies as in b) with different sizes showing 
the high Q modes that indicate high reflectivity of the photonic crystal mirrors. 
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Microscopy 
High Frequency Probing of Nanometric Resolution 
Using Near-Field Optical Heterodyne Technology 
Mohammed E. AM, Harold R. Fetterman, Seok K. Han and 
Kwang Y. Kang 

We have developed a novel optical technique that 
allows for injection of high frequency millimeter 

wave signals up to 100 GHz to a specific local area of 
modern ultrahigh speed semiconductor devices and inte
grated circuits.1,2 This high frequency probing of nano
metric resolution equips one with the capability to 
pinpoint origin of dynamic processes in devices, their spa
tial extent and their relation to interface and surface para
meters, structural inhomogeneities and imperfections. 
The technique thus enables the experimentalists to look 
ever more closely into the details of ultrafast phenomena 
occurring in today's ultrasmall devices and circuits. 

Our technique is the result of a successful marriage 
between near-field optics and optical heterodyning. Both 
fields are exciting technologies with their respective suc
cesses and potentials. The product of their combination 
is even more exciting. Near-field optics is known to give 
nanometer scale resolution which is far beyond the clas
sical diffraction limit.3 Optical heterodyning, on the oth
er hand, can produce tunable high frequency signals up 
to hundreds of GHz.4 Thus, near-field optical hetero
dyning (NFOH) can generate extremely high frequency 
signals in an extremely small area. 

A near-field optical system consists of a subwavelength 
optical aperture placed in close proximity of a sample sur
face. The evanescent field that exists in the vicinity of the 
aperture excites a propagating field in the sample with a 
mode diameter on the same order of the aperture size. A 
tapered fiber optic probe with nanometric dimension is 
commonly used as an aperture. In our NFOH technique, 
two laser beams with closely spaced wavelengths are com
bined and focused into a tiny spot on the device using the 
near-field fiber optic probe. The current generated due to 
the optical illumination has a component oscillating at the 
difference frequency of the two lasers. The device frequen
cy response is typically obtained by tuning the difference 
frequency and concurrently measuring the strength of the 
oscillating current at the device terminals. 

Figure 1 illustrates the experimental arrangement of 
our NFOH technique. The setup was employed to inves

tigate the high frequency capabilities of a new generation 
of heterojunction bipolar phototransistors (HPTs) up to 
100 GHz. Two 1.55 micron lasers with difference frequen
cies tunable up to a few terahertz were used as heterodyn
ing sources. A metal clad near field probe with a 0.2 
micron aperture was used to illuminate the device under 
test. A computer controlled piezoelectric nano-position
ing system was used to accurately place the probe in close 
proximity of the device. The system used a shear force 
feedback mechanism to adjust and maintain a constant 
submicron separation between the probe and the device.5 

The NFOH technique can potentially be used as a 
powerful nondestructive tool in a myriad of applications 
involving exploration, diagnostics and design of nanosys
tems. It has the promise of providing us with the knowl
edge and understanding of hitherto inaccessible dynamic 
microscopic phenomena. The technique is currently 
being employed to reveal interesting details of a variety of 
ultrafast optoelectronic devices including lumped and 
traveling wave phototransistors and modulators. 
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Ali Figure 1. Schematic of the experimental setup used for near-field 
optical heterodyne investigation of heterojunction bipolar phototransis
tors. Two 1550 nm diode lasers with the desired frequency offset were 
focused onto a tiny spot of the device using a near-field fiber optic 
probe. A shear force feedback nanopositioning system was used to 
place the fiber probe at a subwavelength distance above the sample. 
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