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The coherent scattering and interference of
electromagnetic (EM) waves in three-dimen-
sional ordered structures lead to formation of
forbidden bands in which the propagation of
photons is not allowed. These three-dimen-
sional structures, known as photonic bandgap
(PBG) crystals, have recently received both
theoretical and experimental attention.! Re-
cently, Ho et al. have proposed and demon-
strated a layer-by-layer three-dimensional
photonic crystal (Fig. 1), with a full PBG in all
directions.? This structure was fabricated at
smaller scales by conventional methods? and
defects or cavities around the same geometry
was also investigated.* The electrical fields in
such cavities are usually enhanced, and by
placing active devices in such cavities, one can
make the device benefit from the wavelength
selectivity and the large enhancement of the
resonant EM field within the cavity. This effect
has already been used in optoelectronics to
achieve novel devices such as resonant cavity
enhanced (RCE) photodetectors and light
emitting diodes.> In this paper, we demon-
strate the RCE effect by placing microwave
detectors within the localized modes of pho-
tonic crystal defect structures.

In our experiments, we used defect struc-
tures built around the layer-by-layer dielectric
photonic crystal. A square law microwave de-
tector was placed inside the defect volume of
the photonic crystal, along with a monopole
antenna. The DC voltage on the microwave
detector was used to measure the power of the
EM field within the cavity. We also measured
the enhanced field by a network analyzer.

‘We first investigated a planar defect struc-
ture, which was built by separating a 16 layer
crystal from the middle. Figure 2 shows the
enhancement characteristics of this structure
with a separation width of 8.5 mm. We ob-
served a power enhancement factor of 1600 at
a defect frequency of 11.68 GHz. The Q-factor
(quality factor), defined as the center fre-
quency divided by the FWHM was measured
to be 900.

In order to obtain a defect localized in
three dimensions, we modified a 16-layer
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QTuj2 Fig. 1. Schematics of the layer-by-
layer photonic crystal.
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QTuJ2 Fig.2. Themeasured power of the EM
field inside a one-dimensional defect structure.
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QTuJ2 Fig.3. Themeasured power of the EM
field inside a localized defect structure.

crystal structure in the following manner.
Part of the rods on the 8th and 9th layers
were removed to obtain a rectangular prism
like cavity. Figure 3 shows the power en-
hancement characteristics of this structure.
An enhancement factor of 290, and a Q-
factor of 540 were measured at a defect fre-
quency of 12.32 GHz,

Qur results suggest the possibility of us-
ing the embedded detector as an RCE detec-
tor. By using a smaller size photonic crystal
and a higher-frequency detector, the effect
can also be shown at millimeter and far-
infrared frequencies. Such RCE detectors
will have increased sensitivity and efficiency
when compared to conventional detectors,
and can be used for various applications
where sensitivity and efficiency are impor-
tant parameters.
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