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We report a resonant cavity enhand®CE) detector built around a three-dimensional photonic
band gap crystal. The RCE detector was built by placing a monopole antenna within the localized
modes of planar and boxlike defect structures. The enhanced electric field around these defect
structures were then measured by a microwave detector and a network analyzer. We measured a
power enhancement factor of 3450 for planar cavity structures. A Fabry—Perot cavity model was
used to understand and predict resonant cavity enhancement in this structure. The tuning bandwidth
of the RCE detector extends from 10.5 to 12.8 GHz, which corresponds to the full photonic band
gap by the crystal. These RCE detectors have increased sensitivity and efficiency when compared
to conventional detectors, and can be used for various application4998 American Institute of
Physics[S0003-695(98)02219-7

There is a great deal of current interest for the possibilityization vectore of the incident EM wave in all measure-
of creating three-dimensional photonic crystals in which noments. The dc voltage on the microwave detector was used
electromagneti¢EM) wave propagation is possible for cer- to measure the power of the EM field within the cavity. We
tain frequencie$.* These crystals, built at various dimen- also measured the enhanced field by feeding the output of the
sions with different techniquée¥, offer a wide range of ap- monopole antenna into the input port of the network ana-
plications in a spectrum ranging from microwave, to opticallyzer. The monopole antenna was constructed by removing
frequencies*°Recently, Hoet al. have proposed and dem- the shield around one end of a microwave coaxial cable. The
onstrated a three-dimensional photonic crystal based oexposed center conductor which also acted as the receiver,
stacked dielectric rods, which can be fabricated at smallefas 2 mm long. The calibrated enhancement measurements
scales by conventional methotis'® Defects or cavities were performed in the following manner. We first measured
around the same geometry can also be built by means ahe enhanced EM field by the probe inside the cavity. While
adding or removing rods from the so called layer-by-layerkeeping the position of the probe fixed, we removed the crys-
photonic crystaléf1 The electrical fields in such cavities are tal and repeated the same measurement. This single pass ab-
usually enhancetf, and by placing active devices in such sorption data of the probe was then used for calibration of
cavities, one can make the device benefit from the wavethe first measurement.
length selectivity and the large enhancement of the resonant e first investigated a planar defect structure which was
EM field within the cavity. This effect has already been usedpuilt around a 16 layer photonic crystal. The planar defect
in optoelectronics to achieve novel devices such as resonafifas obtained by separating the eighth and ninth layers of the
cavity enhancedRCE) photodetectors and light emitting structure'® This resulted in a planar air gap between two
diodes:® In this letter, we demonstrate the RCE effect by photonic mirrors, each formed of an eight-layer crystal. Fig-
placing microwave detectors within the localized modes ofyre 1(@) shows the enhancement characteristics of a planar
photonic crystal defect structures. defect structure with a separation width of 8.5 mm. The mea-

In our experiments, we used a layer-by-layer dielectricsyrement was done by the network analyzer and the fre-
photonic crystal designed to have three-dimensional banguency was chosen to cover the photonic band gap of our
gap with a midgap frequency around 12 GHz. The layer-bycrystal. We observed a power enhancement factor of 1600 at
layer structure was constructed by using square-shaped alg-gefect frequency of 11.68 GHz. Ti@factor (quality fac-
mina rods (0.32 cm0.32 cmx15.25cm). The photonic toy) defined as the center frequency divided by the full width
crystal has a center to center separation of 1.12 cm, corgy half maximum, was measured to be 900. We then mea-
sponding to a dielectric filling ratio of-0.29. We used the  syred the enhancement characteristics of the same defect
output port of a microwave network analyzer and a standarderycture[Fig. 1(b)], with a microwave detector, inserted in-
gain horn to obtain EM waves. Defect structures built aroundsjge the same cavity. An enhancement factor of 450 along

the crystal were tested by putting them in the beam path ofyith 4 Q factor of 1100, were observed at the same defect
the EM waves propagating along the stacking direction. Afrequency.

square law microwavg detector was plaged inside the defect e discrepancy between two measured enhancement
volume of the photonic crystal, along with a monopole an-taciors can be explained by modeling our structure as a
tenna. The monopole antenna was kept parallel to the p°|af:abry—Perot cavity [Fig. 2a)]. The probe we used in our
experiments was simulated by an absorption region of thick-
dElectronic mail: burak@fen.bilkent.edu.tr nessd, with a relative absorption coefficieat The electric
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FIG. 2. (a) Schematics of the Fabry—Perot cavity model. The shaded ab-

FIG. 1. !Exper!mental enhancement factorg obtameq for a planar defecéorption region was used to simulate the detector placed in the cévity.
structure:(a) using the network analyzetbh) using the microwave detector. Comparison of the experimentésolid line) and theoreticaldotted ling

enhancement factors obtained for the RCE detector in the planar defect
field component for the forward traveling wai inside the ~ Structure:
cavity can be related to the incident fidl as
¢ gives a maximum enhancement factor of 2000. We then var-
E= — { s Ei (1) ied «d to obtain enhancement factors closer to our experi-
1—ryrpe” *le 12PLT 417 02) mental measurements. Fard=0.0001, Eq.(3) yields an
wherer e 1?1 andr,e 1?2 are the reflection coefficients of enha_mcement factor of 164@hich corre_sponds to the value
the mirrors,t, is the transmission coefficient of the front obtained from the network analysemhile «d=0.0011 re-

mirror, B is the propagation constant for the traveling EM _Sl_wts, In-an en dhagceme_nt ffactor ?f 4(:]ﬁ|(zjrowave detector
wave in air, and_ is the separation width of the cavity. The | "€ Increased absorption factor for the detector measurement

backward traveling wave, is related toE, as can be explained by the relatively large volume size of the
. microwave detector compared to monopole antenna alone.
Ep,=r,e e i(BLréIE (2)  Figure 2b) compares the measurddolid line) and simu-

Using Eas.(1) and (2 lcul h h lated (dotted line enhancements obtained for the RCE mi-
sing Egs(1) an .( ) We can caicu ate the PoWer enhance- . \vave detector within the planar defect structure. The the-
ment factor, which is defined as the ratio of the stored

power inside the absorption layer, to the power of the inci—OQrefg(é?;?(Egg.r(lSOQ 's comparable with the experimental
dent EM wave, The Fabry—Perot model suggests thas maximized for
(1+Re”?%)(1-Ry) the matching cas®;=R,e 2% (Ref. 15. To increase the
= _— oad’ enhancement, we increasBd by adding one more unit cell
1-2VR;Rpe** COS 2L+ by + hp) +RyRpe 2 3 (four layers to the mirror at the back. This results in an
©) asymmetric planar cavity with a two unit cell thick front
whereR;= ri and R,= r%, are the reflectivities of the mir- mirror, and a three unit cell thick back mirror. By varying the
rors of the cavity. The above result is normalized with re-width of the planar cavity, we measured the enhancement
spect to the incident field absorbed by the detector in théactors at different resonant frequencies. As shown in Fig. 3,
absence of the crystal. The aforementioned planar defethe tuning bandwidth of the RCE detector extends from 10.5
structure have symmetric mirrors wheR=R;=R,. We to 12.8 GHz. This tuning bandwidth of the RCE detector is
used the measured transmission characteristics to obtain tie good agreement with the full photonic band gd®.6—
reflectivities of our photonic mirrors. As the rods are made ofl2.7 GH2 of the crystaft’ As expected, the measured en-
high quality alumina with a very low absorption coefficient, hancement factors are relatively higher when compared with
the absorption in the crystal can be neglecfedt the defect the symmetrical defect case. The maximum enhancement
frequency, the transmission of an eight-layer crystal was 3@vas measured to be 3450 at a defect frequency of 11.75
dB below the incident EM wave. The reflectivity of the pho- GHz. The theory predicted enhancement factors around
tonic mirrors was then obtained &=1—-T=0.999. The 5500, which is higher than the measured values. The discrep-
ideal case which maximizes corresponds taed=0, which  ancy can be explained by the finite size of the photonic crys-
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104 ; . . : sured at a defect frequency of 12.32 GHz. We then used a
_e—e—s microwave detector within the cavity to probe the EM field
e inside the localized defect. As shown in Fig(gblid line),
10°F the maximum enhanceme(®45 occurred at the same fre-

quency, along with & factor of 680. Both measurements
clearly indicate the resonant cavity enhancement for the lo-
calized defect.

In conclusion, our results suggest the possibility of using

Enhancement

102_
P

7 \\\

® an embedded detector inside a photonic crystal, as a RCE

10! - - - : detector. By using smaller size photonic crystals and higher
105 110 115 120 125 130 frequency detectors, the RCE effect can also be obtained at
Frequency (GHz) millimeter and far-infrared frequencies. These frequency se-

) ) lective RCE detectors have increased sensitivity and effi-
FIG. 3. The power enhancement can be obtained at different resonant fre-.

quencies by changing the cavity width. This corresponds to a tuning bandglency When_ compare_d t‘? conventional detectors, and can be
width ranging from 10.5 to 12.8 GHz. used for various applications.
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