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rect numerical simulations that this instability
appears because of resonance excitation of a field
with polarization orthogonal to the soliton polar-
ization. It was shown that for this instability the
excited field propagates atong the waveguide
channel formed by the solitons, sce figure 2 {top).
Analytical results obtained for small 8 are in a
good agreement with numerics. If & < §,,, an-
other polarization instability was found. In this
case the waves excited by the instability have
weakly damped tails, which results in significant
radiation losses, see figure 2 (bottom), Both po-
larization instabilities lead to the formation of os-
cillating elliptical soliton.
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Recent studies of thermal emission control have
revealed many interesting phenomena.”* The
influence of microstructures upon thermal emis-
sion, however, has not well been understood. In
this paper, we report experimental results of ther-
mal emission frem a tantalum surface having a
periodic array of microcavities.

In cur experiment, a periodic array of micro-
cavities was fabricated on the ltantalum surface.
The schematic drawing of the fabricated struc-
ture is shewn in Fig. 1. Two kinds of structures
were fabricated: structure-A (A, = A, = 7.5 m,
w, =w, = 5.5 llm), and stracture-B (A, = A, = 5.5
Mm, w, = wy, = 2.5 um). The aperture ratios are
54% for steucture-A and 25% for structure-B, A
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QTuF13 Fig. 1. Schematic drawing of fabri-
cated structove.

relative emissivity, which is the ratio of emissivity
of the surface with the periodic array to that of a
flat surface, was measured at 700 K,

Figure 2(a) shows the experimental result for
structure-A. It is seen that the effects of the strue-
ture are enhancement in emission for the whole
measured range (3 wm ~ 11 pm), and the three
noticeable peaks ar 4,15 pn, 7.75 pum, and 8.25
fum. Tt is known that absorptivity of a surface be-
comes large when the surface has roughness, and
emiasivity I8 equat te absorptivity. Thus this is
why we have enhanced emission. The other effect,
the three peaks, has been found to be attributed
to electromagnetic modes in 4 cavily, as described
below.

The electromagnetic mode Ay (1 5,1,  ina
cavity with one open end is expressed by the fol-
lowing equation,

)

2
Pl e ) = e e G ¢
where n, 1, = 0,1,2,3,..,and n, = 0,1,3,5,.... At
most one of the integers can be zero. The down-
watd atrrows indicate the calculated positions of
Ay As apparent from the result, the theee no-
ticeable peaks correspond with the following
three modes: mode o with Ay (1, 0, 1) or Ay, (0,
1, 1), mode § with Apy (1, 1, 0}, and maode y with
Al 1,0, 3) or Ap (0, 1, 3), The other modes are
not so visible. The small fignres on the right side
of the graph show the dependence of electric
ficlds on three axes. Since the three noticeable
peaks are all low order modes, it can be concluded
that enhanced peaks are more sensitive to low
order modes than high order ones.

Figure 2(b) shows the experimental resilt for
structure-B. Yor this structure, there is only one
peak at 5,15 tm, and the peak position does not
coincide with any modes in a cavity, Thus we
need a different interpretation.

In the theory of diflraction grating, anom-
alous absorption is caused by the excitation of
SPI at the wavelength Ag,

A
Agp (1 ) = Vel (2

where A is the period of grating, and m, n =
0,1,2,3,.... ‘The periodic array of microcavities
can be regarded as two-dimensional grating.
Thus this phenomenon is also cxpected to occur
for our experiment. The upward arrows indicate
the calculated positions of Agp. It is clear that the
position of the peak corresponds with one of the
wavelengths Agp indicated by the letter A with
(15 0) or Agp(0, 1). This result suggests that the
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QTu¥13 Fig 2. Experimental results of relative cimissivity for (a) structure-A, and (b) structure-13.
‘T'he downward arrows indicate the calculated positions of Ay and the upwards arrows is for Agp.

enhanced peak for the structure with a small
aperture ratio is attributed to thernally excited
SPP.

In summary, we have experimentally deinon-
strated that in the casc of large aperture ratio, the
effect cansed by the modes in a cavity becomes
dominant, while in the case of small aperture
ratio, thermally excited SPP has more influence
on thermial emission.
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In recent years, there has been much interest
in the possible realization of photonic crystals
for designing optical components and circuits.
Recently, we demonstrated a new type of wave-
guiding mechanism, which is known as coupled-
cavity waveguides {CCWSs), in which electromag-
netic (EM) waves can propagate through an atray
of caupled cavities' without any radiation losses.
In the present worlk, we propose a new structire
Iy combining a single cavity and CCWs for wave-
length division multiplexing (WDM) appl-
ications. Previously, various type of phatonic
structures have been reported for WDM applica-
tions. >

In order to demonstrate demultiplexing phe-
nomena in photonic crystals, we designed a
structare in which the coupling between the cav-
ity mode and the guiding mode allows to drop a
selective wavelength A; (Sce Tig. 1). The selectiv-
ity of dropping wavelength is determined by local
properties of the cavity modes.

We first comstructed 2D teiangular photonic
crystats which consist of diclectric eylindrical alu-
mina rods having radius 1.55 mm and refractive
index 3.1 at the microwave frequencics. The lat-
tice constant and the corresponding filling frac-
tion are a = 1.3 cm and 1 -~ 0.05, respectively.
Length of the rods is 15 cm. The experimentat sct-
up consisted of a HP 8510C network analyzer and
microwave horn antennas to measure the trans-
mission-amplitude and the transmission-phase
properties. 'I'he crystal exhibits a photonic band
gap extending from 0.73@y, to 1,146, where wg =
2afc=-11.54 GHe.
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QIuF14 Fig. 1, Schematic drawing of the
proposed dernultiplexing structure in two-di-
mensional photonic crystals. A selective wave-
length can be dropped {rom the guided mode in-
side a coupled-cavity waveguide due to coupling
between the cavity mode and the waveguide
maode.

We measured the transmission characteristics
corresponding Lo the structure shown in right
panel of Tig. 2. The CCW is constructed by re-
maving 8 rods, and exhibits a waveguiding band
extending from 1,034 to 1,17X, (solid linc). As
shown in Fig. 2 {left pancl], photons having wave-
length A = L.L1A, is sclectively dropped from
guiding band (dotted line).

In conclusion, we proposed and demonstrated
a method for adding and dropping of selective
wavelength in photonic crystals, Our results are
impaortant for designing future ulteasmall optical
circuits.
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'I'he problem of how much time docs a particle
spend to tunnel across a potential barrier is one of
the most intriguing problems in quantum me-
chanics." For opaque bastiers, it is known (hat the
tunneling time becomes independent of the bar-
rier width (Hartman effect), and may hence
imply superluminal propagation. Tunneling of
electromagnetic pulses through photonic barri-
ers has been considered as a convenient means for
experimental investigation of tunneling owing to
the analogy between quantum mechanical and
aptical wave phenomena. In particular, the exper-
imental validation of the Hartmanm effect has
been reported in tunneling experiments at either
microwave and optical Wavclc::ngths?“1 Tunneling
through double-barrier (DB) photonic barriers
shows even a more amazing phenaomenon,
namely the independence of the transit time not
only of barricr width, but also of barrier separa-
tion {generalized Hartman effect). Measurements
of tumeling times in DB structures were previ-
ously reported in microwave transmission exper-
iments, where tanneling time measurements are
more accessible, however ho experiment has been
performed at optical wavelengths yet.

It this work we report on the measurement of
tunneling times in DB photonic barriers, made by
two periodic fiber Bragg gratings (FBGs), at the
wavelength of aptical communications (1.5 pm},
providing an experimental test for the general-
ized Hartman effect of quantum mechanics. Five
DB-FBG structures were realized with grating
separation L of 18, 27, 35, 42 and 47 mm and bar-
rier width I, = 8 mm. For such structures, both
transmission spectra and group delays were mea-
sured using a phase shift technique; an examplc
of measured transmission spectrum and group
delay versus frequency for the 42-mm separation
DB FBG is shown in Fig. L. Far [rom the Yabry-
Perot resonances (off-resonance tunneling), the
group delay is superluminal, with an expected
time advancement of the order of 240-250 ps.
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QTuFl5 Fig. 1. Measured spectral power
transmission and group delay for the DB-TFBG
structure (7. = 42 mm).
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QTuF15 Fig.2. Oscilloscope traces of off-res-
onant tunneled pulses (1) and reference pulses

(2).
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QIluF15 Tig 3. 'Tunneling time versus barrier
separation.

Conversely, far {from the stop band of the struc-
ture the group delay corresponds to lurninal
propagation.

Direct time-domain measurements of tunnel-
ing delay times were performed in transmission
experiments using a 300 MHz repetition-rate 1.3-
ns-duration pulse train, generated from an exter-
nally-modulated tunable semiconductor laser.
Figure 2 shows a typical oscilloscope trace of off-
resonance tunnelled pulses [curve (1)] and corre-
sponding trace recorded when the laser was de-
luned away from the stop band of the DB FBG
structure fcurve (2)]; a 248 ps peak pulse ad-
vancement without appreciable pulse distortion
is observed. Time delay measurements were re-
peated for the five DB-FBG structures, and the
experimental results are sammarized in Fig. 3 and
compared with the theoretical predictions of tun-
neling limes based on the group-delay analysis of
the DB-FBG structure. T'he dashed line in the fig-
ure shows the theoretical transit time, from input
to output planes, versus barricr separation L for
pulses tuned far away from the band gap of the
FBG (luniinal transit times), The solid line is the
expected ransit time for off-resonance tunneling
of pulses based on the group delay analysis. The
experimental data (points) are in good agreement
with theoretical predictions and prove that the
transit time does not substantially increase with
barrier separation.

1. Y. Chiao and A.M. Steinberg, Prog. Opt. 37,
345 (1997) and references therein.

2. A. Inders and G. Nimtz, Phys. Rev. B 47,
9605 (1993},

3. AM. Steinberg, .G, Kwiat and R.Y. Chiao,
Phys. Rev. Lett. 71, 708 (1993); Ch. Spiel-
mann, R Szipocs, A, Stingl and E Krausz,
Phys. Rev. Lett. 73, 2308 (1994).

mE piigy I



