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Photonic crystal quantum cascade detector

P Reininger, B. Schwarz, A. Harrer, T. Zederbauer, H. Detz, A. M. Andrews, R. Gansch,

W. Schrenk, and G. Strasser

Center for Micro- and Nanostructures and Institute of Solid State Electronics, Vienna University of
Technology. Vienna, Ausiria

Introduction

Molecules have vibrational resonances that can be excited with mid-infrared radiation. Measuring transmission or reflection specira of a medium gives information
about the molecules present. This creates a high demand for compact sensors with individually adjustable absorption frequencies. An upcoming class of photodeteciors

for such applicalions are quantum cascade d

eleciors (QCD). QCDs are very adaptable devices and it's properiies can be tailored by a huge amount. To take [ull

advantage a sophisticated cavity is needed. Photenic crystal slabs are a perfect combination for QCDs.

Photonic crystal slab

A Photonic crystal slab (PCS) is a
purely dielectric structure that can be
used to engineer the behavior of pho-
tons. It effectively restricls the propa-
gation freedom of phelons to bands in-
side the Brillouin zone. It is produced
by etching a lattice of holes. The so-
called photonic bandstruclure can be
tailored via the PCS parameters: the
hole diameter, the lattice constant and
the thickness of the slab. Figure (a)
shows a scanning electron microscopy
image of a PCS and (b) a schematic il-
lustration of the designed structure.
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Quantum cascade detector

A guantum cascade delector is an up-
coming class of photodetectors, based
on intersubband transitiens in the con-
ductien band. The band-diagram of our
QCD is shown in the figure. The ac-
\ive Lransition accurs between the two
energy levels of the broadest weil, in-
dicated as blue. The Lransition en-
ergy can be lailored for specific appli-
cations hy engineering the electronic
bandstructure. Only photons with the
appropriale energy can excite an elec-
tron into the upper level.
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Thete, il can escape inte the extractor,
eventlually reaching the ground level
of Lhe next cascade and contribuling Lo
the pholocurrent.

PCS -

A QCD is a pholedotecior with vast
design [reedom. By engineering the
band-structure, properties like the ab-
sorption coefficient can be varied by
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Such a sophisticated device needs a
cavily that can keep up. A PCS is
perfectly suited. It is fully compatible
with the processing technology and is

as customizable as a QCD.

QcD
By employing this specificelly designed
resonant cavily, the performance of the

photedetector is improved in three dis-
tinct ways.

¢ At resonance frequencies, a PCS

slows down light. Slower light stays

Jonger in the QCD and the absorp-

tion probability is increased.

The PCS couples external field

modes to modes with an electric

field component in growth diree-
tion, which enables us o excite ihe

PCS-QCD with surface normal inei-

dent light.

o The construction form eof the PCS-
QCD inherently increases the resis-
tance. The result is an enhance-
ment of the noise behavior.
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PCS - @CD vs. PCS - QWIP

The photocurreni spectra of both a PCS-QCD (a) and a PCS-QWIP (b) are shown.
The PCS-QCD shows the broad absorption peak of the QCI} and the sharp peak
from the PCS resonance. The PCS-QWIP exhibits several PCS resonances al
higher energy. This distinction comes [rom the different operational principles
of the two devices. Quantum well infrared phoiodetectors {QWI1Ps) are one of
the most common mid-infrared detectors. Photon absorption is based on bound-
to-gquasibound transitions. Photons with very high energy still can, with low
probability, contribute to photocurrent. For QCDs, only photons that induce an
electronic transition into the upper absorption level contribute to photocurrent.
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The PCS, at the resonance frequencies, enhances Lhe photon lifetime. It can com-
pensate for low absorplion probabilities {QWIP). Still, photens with enhanced
lifetime, bul wrong energy. will nol coniribute lo a QCDs photecurrent. Thus,
PCS - QCDs are perfectly suiled for applications that require sensing of distinet
speciral lines, while suppressing detection of side-band radiation.
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This work showed the funciional principle of a PCS-QCI), Future work involves

quality factor matching, optimized QCD designs and using a PCS-QCD as foun-
dalion for strong coupling experiments.
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