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By using a combination of finite difference time domakDTD) and plane wave expansidRWE) meth-

ods, we study the propagation of acoustic waves through waveguide structures in phononic band gap crystals
composed of solid constituents. We investigate transmission through perfect linear waveguides, waveguides
containing a resonant cavity, or waveguides coupled with a side branch resonator such as a cavity or a stub. A
linear guide can support one or several modes falling in the absolute band gap of the phononic crystal. It can

be made monomode over a large frequency range of the band gap by varying the width of the guide. The

transmission through a guide containing a cavity can be made very selective and reduced to narrow peaks
associated with some of the eigenmodes of the cavity. The effect of a side branch resonator is to induce zeros
of transmission in the spectrum of the perfect guide that appear as narrow dips with frequencies depending

upon the shape of the resonator and its coupling with the guide. We find perfect correspondences between the
peaks in the transmission spectrum of a waveguide containing a cavity and the dips in the transmission of a

cavity side coupled waveguide. Finally, when a gap exists in the spectrum of the perfect guide, a stub can also
permit selective transmission of frequency in this gap. The results are discussed in relation with the symmetry

of the modes associated with a linear guide or with a cavity.

DOI: 10.1103/PhysRevB.68.024302 PACS nuniber63.20—e, 43.20+9, 43.40+s, 46.40.Cd

[. INTRODUCTION the transmission spectrum and may found useful
applications®=*® In the present paper, inspired by
In recent years, a great deal of work has been devoted toyaveguides in photonic crystals, we investigate the propaga-
the study of propagation of elastic and acoustic waves ition of acoustic waves through perfect and defect-containing
inhomogeneous media. More specifically, a lot of attentiovaveguide structures created inside a phononic crystal com-
has been focused onto elastic wave propagation in acoustRosed of solid constituents.
band gap(ABG) materials, the so-called phononic crystals. In straight linear waveguides, constructed by removing

These inhomogeneous materials are periodic repetitions ¢PWS Of inclusions in the periodic lattice of the phononic
inclusions in some different host matertaf A variety of ~ Crystal, the number and dispersion of the modes can be ad-

materials constitute the inclusions or the matrix includinglUSted by varying the width of the guide. In particular, the

- - L - ide can be made monomode over a large frequency range
gases, liquids or solids. Similarly to the photonic band gapgul )
material§ where the propagation of light is prohibited in of the phononic band gap. The cut-off frequency of the

some frequency range. these elastic periodic Composites ¢ uided modes can also be selected. Different modes can be
1€ freg y range, P pOST xcited to participate to transmission depending on whether
exhibit large acoustic band gaps where the propagation q

h i< forbidd h . | heref b e initially incident wave is longitudinal or transverse.
phonons is forbidden. A phononic crystal can, therefore, be- ¢ qqidering fluid/fluid and solid/fluid phononic crystals,

have like a perfect mirror for the propagation of vibrations in\ e have shown in a recent papethat the transmittance
some frequency range and may have potential applications ifyrough the waveguide can be significantly altered by attach-
transducer technology, filtering, and guidance of acousti(;ng to it a side branch resonatéor stub, namely zeros of
waves. Several two and three-dimensional phononic crystalgansmission occur in the spectrum. The results are in quali-
made of either solid or fluid constituents, exhibiting a largetative agreement with modellistic calculatioffsin this pa-
contrast between their elastic properties, have been invesiyer, we consider waveguides that incorporate in their struc-
gated. The existence of absolute band gaps was predictedre a resonant cavity, either within the waveguide or at its
theoretically and observed experimentdlly. Localized side. Resonant cavities within the linear guide provide a
modes associated with point and linear deféctmve also means of limiting the transmitted modes to those of the cav-
been studied including the transmitivity through a linearity. On the other hand, grafting a side branch containing a
guide!* cavity to a perfect linear waveguide leads to the introduction
Manipulation of light in waveguides inside photonic crys- of zeros of transmissions at precise frequencies correspond-
tals allows low loss transmission through sharp bends, filtering to the eigenmodes of the cavity. Thus, we can demon-
ing or wavelength division multiplexintf~'° The coupling strate that the notches in the transmittance obtained in the
of a waveguide with resonant cavities can alter drasticallylatter case coincide with the peaks obtained in the former
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000000000 000000000 1(b)]. A cavity can be inserted at the side of the waveguide
(a) 000000000 (h) o000 0000 [Fig. 1(c)]. The coupling between the cavity and the wave-
0000 0000 guide can be modified by changing their separation, although
in this work we limit ourselves to a separation of one unit
cell. Resonating cavities can also be built out of two basic
cylindrical inclusions inserted within the waveguidEig.
1(d)].

We study the transmission through the above structures as
well as dispersion relations of the perfect waveguide and of
an isolated cavity. Our calculations of the dispersion rela-
tions and transmitivity are performed by a combination of
the plane wave expansidfPWE) method and of the finite
difference time domaifFDTD) method?*?? With the PWE
method, taking advantage of the periodicity of ABGs, the

FIG. 1. Cross sections of the phononic crystals for the geomelastic wave equation is rewritten in Fourier space and re-
etries considered in this papeg) A perfect linear waveguide of duced to a simple eigenvalue problem, thus yielding the
width, d. (b) A stub attached vertically to the waveguide) A acoustic band structure of the system. The FDTD method
side-coupled waveguide cavityl) A cavity inside the linear wave-  solves the elastic wave equation by discretizing time and
guide. space and replacing derivatives by finite differences. It per-

mits the calculation of acoustic transmission spectrum of fi-
case. Let us mention that such zeros of transmission can lyéte size phononic crystals. It provides also a complementary
widened into a gap if a periodic set of side branches arenethod for calculating the dispersion relatiornEhese meth-
grafted along the guid. Thus, from the point of view of ods, and in particular the FDTD method, have been demon-
applications, such resonators may serve as a building elatrated to vyield results in very good accord with
ment for the design of specific functions such as filtering orexperiments.
add/drop multiplexing.

In Sec. Il, we briefly present both the methods of calcu-
lation and the geometrical models studied in this paper. Sec- !ll- DISPERSION RELATIONS AND TRANSMISSIONS
tion 1l is devoted to the discussion of the dispersion curves OF LINEAR WAVEGUIDES
and transmittance for linear waveguides without defect. The
effect of incorporating cavities inside or at the side of the
waveguide is discussed in Sec. IV. A summary of the result
is presented in Sec. V.
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In solid/solid 2D phononic crystal, by limiting the wave
ropagation to the plan¥Y perpendicular to the cylinders,
e propagation modes decouple in thenodes(with elastic
displacementu parallel to theZ direction and in theXY
modes(with u in the planeXY).? In this paper, we focus on
Il. GEOMETRICAL MODELS AND METHODS XY modgs. The band s_tructure. of t):(éf modes of the perfect _
OF CALCULATION phononic crystal considered in this paper possesses a wide
absolute band gap extending from 85 to 200 kHz. This result
We consider a solid/solid 2D phononic crystal composeds obtained from a calculation of the band structure by means
of steel cylinders in epoxy. The physical parameters charamf the PWE method using 882 wave vectors of the reciprocal
terizing the acoustic properties of the constitutive materialspace. It is also confirmed in the transmission spectra of the
are the longitudinal, cand transverse, cspeeds of sound as phononic crystal calculated by the FDTD method along two
well as the mass densitp. We take ¢=5825m/s, ¢ high symmetry axes of the Brillouin zone.
=3226 m/s,p=7780 kg/n for steel, and g=2569 m/s, ¢ In this section, we investigate the properties of a phononic
=1139 m/s,p=1142 kg/ni for epoxy. The inclusions have crystal containing a simple straight waveguide. As a basis for
the cylindrical symmetry and are arranged periodically on &urther discussions, we first consider a guide simply built by
square lattice. The parameters specifying the geometry of themoving one row of cylindrical inclusions along thedi-
crystal are the lattice parametex, and the radius of the rection. This is analogous to the examples considered in
inclusion,r. The filling fraction of the composite medium is Refs. 11 and 19. The widtd of the guide, defined by the
defined as the ratig@= 7r?/a2. Throughout this paper we distance between neighboring cylinders on both sides of the
assumea=9 mm andr=3.5 mm (or 8=0.475). This in- guide, equalsl=11 mm|[Fig. 1(a)]. Figure Za) reports its
sures that the phononic crystal displays a large band galpand structure. The band gap of the perfect phononic crystal
extending from 85 to 200 kHz. is delimited by the two thick horizontal lines. In order to
Figure 1 displays the cross sections of the phononic crysperform this calculation, a supercell of 5 periods is repeated
tal for the geometries considered in this paper. Simple lineaperiodically in theX direction. This means that the wave-
waveguides of different widthd, are created in the phononic guide is repeated every 5 periods in direction. The band
crystal by removing one or several rows of cylinders alongstructure is calculated with 1586 vectors of the reciprocal
the Y direction of the square arrd¥ig. 1(a)]. Stubs of vary- space. The dispersion curves appearing inside the gap of the
ing lengths and widths can be obtained by removing cylinperfect phononic crystal are related to localized modes asso-
ders in the directiorX perpendicular to the waveguidlBig.  ciated with the linear waveguide. The number and dispersion
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300 the phononic crystal and the classical one is that the former
has rough instead of planar walls. The roughness of the walls
results from the periodicity oé of the inclusion that bound
them along theY direction. Therefore, for comparison, the

250 | dispersion curves of a guide with planar walls should be
essentially folded back into a reduced Brillouin zone of di-
mensions/a. The numerous localized branches inside the

— —— gap of the phononic cryst@Fig. 2(@)] are the result of this

folding and the resulting interaction between branches that

20— - cross each other. The results of Figa)2resemble qualita-
tively those of Ref. 11 dealing also with a solid/solid com-

><—/\ posite, constituted by Pb cylinders in epoxy. On the other

hand, in the case of the solid/fluid compogiseeel cylinders

in watep studied in Ref. 19, the number of localized

branches in the band gap is much smaller because the matrix
is now constituted by a fluid that can only support compres-

sional waves, but not shear waves.
N Like in a classical guide, the vibrational modes of the
100 ] phononic crystal waveguide can be distinguished according

———— e to their symmetric or antisymmetric character with respect to
the plane cutting through its middle. Consequently, these

/ modes can be excited with an incident wave of appropriate
50 / symmetry. Using the FDTD method, we have calculdsek
Fig. 2(b)] the transmission through the guide as a function of

the frequency, the probing signal being initially of either lon-
gitudinal or transverse polarization. Indeed, as discussed be-
0 low, these waves are respectively symmetrical or antisym-
r WAVE VECTOR X metrical with respect to the symmetry plane. To calculate the
transmission coefficient by FDTD method, we construct a
sample in three parts along tfvedirection, a central region
containing the finite phononic crystal sandwiched between
two homogeneous regions. A traveling wave packet is
launched in the first homogeneous part and it propagates in
the direction of increasiny along the whole sample. Peri-
o odic boundary conditions are applied in tRedirection and
8 90 100 110 120 130 140 150 160 170 180 190 absorbing Mur’s boundary conditions are imposed at the free
FREQUENCY (kHz) ends of the homogeneous regions along\tdrection. The
incoming signal is a sinusoidal wave of frequenéy
=400 kHz weighted by a Gaussian profile and propagates
along theY direction. In Fourier space, this signal varies
smoothly and weakly in the interval Q). The amplitude of
the input signal does not depend ¥nit is directed along the
Y direction (resp. X direction) when the input signal is of

FREQUENCY (kHz)

TRANSMISSION (dB)

230 (b) 1
[

FIG. 2. (a) Band structure of thXY modes of propagation of a
phononic crystal containing a linear waveguide along Yhdirec-
tion as in Fig. 1a). The calculation is performed by considering a
super-cell of five periods along th€ direction. The waveguide
width is d=11 mm. The band gap of the perfect phononic crystal is

delimited by the two thick horizontal lines. The filled arrows indi- itudinal larizati Th he inci
cate two symmetrical dispersion curves that anticross each oth%)ngltu inal (resp. transvergepolarization. us, the inci-

giving rise to the dip in the transmission spectrum around 145 kHzO€Nt Probing signal is either symmetrical or anti-symmetrical
The dashed arrows indicate two antisymmetrical branches that afVith respect to the mirror plane of the guide. The transmit-
ticross each other giving rise to the dip in the transmission spectrurfRNCe is obtained by averaging the displacement field at the
around 120 kHz(b) Transmission through the waveguide for two guide’s exit along a line normal to its axis, followed by a
polarizations of the incident wave, longitudir(ablid line) or trans- ~ Fourier transformation and by normalizing to the same quan-
verse(dashed ling tity calculated for the incoming wave packet in the absence

of the phononic crystal. It should be pointed out that, with
of the localized modes can be understood, and qualitativelthis definition, the transmission can exceed one. Depending
explained, by considering the propagation of elastic waves ilon whether the input signal is of longitudinal or transverse
a classical linear guide with rigid boundary conditions for polarization, the average is taken over the&omponent or
which the dispersion relations can be derived analyti@lly. the X component of the displacement field.
Indeed this analogy is possible since the displacement field With an incident wave of longitudinal polarization, the
of a wave propagating along the guide in the phononic crystransmittancedFig. 2(a)] in the frequency range correspond-
tal remains almost confined inside the guide and only pening to the gap of the phononic crystal takes on a value near 1
etrates weakly around the steel cylinders situated on bothxcept for the secondary gaps appearing respectively around
sides of the guide. The main difference between the guide id25 kHz, 145 kHz, and 170 kHz. The first dip around 125
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kHz results from the folding of the symmetrical branches at 300

the Brillouin zone boundary. The second dip at 145 kHz is >(

associated with the anticrossing between two symmetrica L— o~

branches marked by arrows in Figa® In this example, the

length of the guide is taken to We=15a. The attenuation of 250 F

the transmitted signal in these secondary gaps is significanth ——

dependent upon the length of the waveguide. Decreasing thi x

length will result in the weakening of the dips. For instance,
the dip at 125 kHz will become very small for a length
=7a of the guide, whereas the dip at 145 kHz is less af-
fected by this length. It is likely that this effect is due to the %
large flat part of the two dispersion curves that anticross eaclZ
other.

Finally, launching a probing signal of transverse polariza-
tion [dashed curve in Fig. (B)] yields high transmittance
from 93 kHz where the antisymmetric modes of the wave-
guide start to exist. This transmission spectrum displays a dif
in the frequency intervdll18—-124 kHz due to the anticross- 100 |
ing between two antisymmetric branchémdicated by
dashed arrows in Fig.(2)].

Now, we investigate another example dealing with a case
that has not been mentioned in the literature, namely the ;¢
possibility of decreasing the number of dispersion curves
(and even leading to a monomode regjrhg narrowing the
width of the waveguide. Indeed, similarly to the case of a
classical linear guide, the cut-off frequency of the guided (a)
modes in the phononic crystal can be increased by decreas r
ing the width of the guide. This operation can be performed _
by assuming that the cylindrical inclusions on both sides of 2 o
the waveguide are separated by a distance smaller than trz
perioda. Decreasing the thickness of the guide will have, at
the same time, the effect of reducing the number of thes
guided mode branches that appears in the gap of theZ
phononic crystal. As a consequence, the guide can even bg -30
made monomode over a large frequency range. This effectic ¢~ 60 100 110 120 130 140 150 160 170 180 19
sketched in Figs. 3, where we present the band structure o FREQUENCY (kHz)
the guided mode&alculated by means of the PWE method
and the corresponding transmission coefficients for a narrow FIG. 3. Same as in Fig. 2, but the width of the waveguide is
waveguide of widthd=6.5 mm. One notices the existence taken to bed=6.5 mm instead ofl=11 mm in Fig. 2.
of a small(secondarygap around 150 kHz at the edge of the

Brillouin zone, between two symmetric branches. This gapyne cylindrical inclusion thus creating a vacant lattice site.
gives rise to a dip in the transmission spectrum. This diprhe pand structure of such a system is calculated with the
become_s less pronounced when declreasm.g the Iength.of tR8\VE method for a super cell of>33 cylinders with one
waveguide. On the other hand, the dispersion curves displayacancy in its center. The number of reciprocal lattice vec-
two almost flat antisymmetric branches around 140 kHz, angyrs ysed in the calculation is 2738. The band structure re-
therefore the transmission with a probing signal of transversgorted in Fig. 4 shows the stop band of the phononic crystal
polarization mainly extends over the limited frequency do-containing several nearly flat bands. These flat bands are
main of [130-147 kHz. _ . . representative of the vibrational modes characteristic of the
~ On the contrary, increasing the width of the guider  cayity. Let us notice that the cavity possesses two perpen-
instance by removing two or several row of cylinders alonggicylar symmetry axeX andY. Thus, its eigenmodes can be
the Y direction will increase the number of localized mode |gpeled according to their symmetry with respect to these
branches in the band gap of the phononic crystal and thgyeg asSS AS SA and AA, where S and A, respectively,
transmission becomes mainly multimode. stand for symmetric and antisymmetrifor instance SS
means symmetric with respect to bothandY axes. Using
the FDTD method, we have created excitations inside the
cavity having each of the four above symmetries. The char-
acteristic frequencies of the cavity, falling in the band gap of
We now turn to the behavior of a defect cavity in the the phononic crystal, coincide with those obtained by the
phononic crystal. The cavity is simply obtained by removingPWE method(Fig. 4) within a few percent. In Fig. 5, we
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FIG. 6. (& and (b) Transmittance through a cavity containing

containing a square cavity obtained by removing one cylinder. Thavaveguide such as in Fig(d). In these figures the polarization of

calculation is performed by using a supercek 3. The symmetry
of the cavity modes with respect to tikeandY axes are indicated
by the lettersS and A, where S and A stand for symmetric and
antisymmetric, respectivelffor instanceSSmeans symmetric with

respect to botkX andY axes.
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FIG. 5. Map of the componentdy and Uy of some of the

eigenvectors of the cavity modes shown in Figf Stands for the

the incident wave is, respectively, longitudinal or transverse and the
width of the cavity isd=11 mm. (c) Transmittance through a
waveguide coupled to a cavity along its side as illustrated in Fig.
1(d). The width of the waveguide is taken here todye6.5 mm to
insure the monomode behavior of the propagation in a wide fre-
quency range of the phononic crystal band gap.

give a map of the eigenvectors for some of the cavity modes.
These maps are obtained by exciting with an incident probe
an eigenmode of the cavity, contained inside a waveguide.
We shall again refer to this point in connection with the
explanation of transmission spectra shown in Fig. 6.

The eigenmodes of the cavity can be used advantageously
to induce either narrow passing bands within the stop band
of the phononic crystal or very narrow stopping bands in the
pass band of a waveguide. To that effect we considea
waveguide with a side-branch resonator constituted by a cav-
ity [Fig. 1(c)], and(ii) a waveguide in the phononic crystal
containing a single cavitpFig. 1(d)]. Indeed, a single cavity
incorporated into the waveguide may limit the transmission
mainly to the frequencies situated in the neighborhood of the
eigenfrequencies of the cavity. On the contrary, a side-
coupled waveguide cavity is expected to induce zeros in the
transmission spectrum of the perfect wavegtfideat occur
at the characteristic frequencies of the cavity. So, the same
cavity can have two opposite effects depending on whether it
is incorporated inside or at the side of the waveguide.

frequency of each eigenmode. These maps were obtained by using In the following examples, the length of the waveguide is

an incident probing signal of either longitudinal polarizatidg)
and(c)] or transverse polarizatiofi).

chosen to b& =9a as displayed in Fig. 1. Figure 6 summa-
rizes the transmittance of the two systems. The cavity-
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%) %) FIG. 7. Transmission through
E i 10 E a stubbed waveguide such as in
Z Z, Fig. 1(b). In (a) and(b) the width
p i Bg of the waveguide isd=6.5 mm
&= I R L (Ib) 0 & and the length of the stub is, re-
790 100 110 120 130 140 150 160 170 180 190 90 100 110 120 130 140 150 160 170 180 190 s_pﬁctlv]?g/{ eq;:al to one ort‘;/:/o pe-
riods of the phononic crystdl.e.,
FREQUENCY (kHz) FREQUENCY (kHz) one or two cylinders have been re-
T T moved perpendicularly to the
a °r " o waveguid¢. In (c) and (d) the
T st - Z width of the waveguide is only
% 1ok L % =4 mm to show the possibility of
@ g selective transmission in a fre-
E A5 r E guency range in which the propa-
% 20t % ga_tion is prohibited along the
é »s | | é guide.
= (c) E
.30 1 | 1 1 1 1 | 1 1 1 1 1 | 1 1 1 1 | 230
90 100 110 120 130 140 150 160 170 180 190 90 100 110 120 130 140 150 160 170 180 190
FREQUENCY (kHz) FREQUENCY (kHz)

containing guide is probed with a longitudiri#ig. 6(@)] as  the dips in the transmission spectrum of Figc)6occur ex-
well as a transversfFig. 6(b)] incident wave packet. The actly at the same frequencies as the peaks in Figs.ahd
longitudinal incident wave is symmetrical with respect to the6(b).
Y axis and, thus, can probe the eigenmodes of the cavity that Finally, we have also investigated the transmission
haveSSand AS symmetries with respect t§Y axes. On the through a stubbed waveguide such as in Fig).IThe results
other hand, the transverse incident wave can excite eigeffier the transmission spectra are presented in Fig. 7, where we
modes of onlySAand AA symmetries. This is confirmed by have considered two different lengths of the stub and two
the transmission spectra shown in Fige)@&nd Gb) that are  different widths of the waveguide, the incident wave being of
mainly composed of peaks in the vicinity of the characterisdongitudinal polarization. In Figs.(@) and 7b), the width of
tic frequencies of the cavity with the appropriate symmetrythe linear guide is chosen to loe=6.5 mm in order to have
It is worthwhile to notice that the maps sketched in Fig. 5 area monomode regime over a broad frequency réaisge Fig.
obtained by using an incident probing signal of either longi-3). One can notice that the main effect of the stub is to
tudinal polarizatior{Figs. 5a) and 5c)] or transverse polar- induce dips, or zeros of transmission, in the spectrum. The
ization[Fig. 5(b)] at the frequencies of the peaks in the trans-existence of such zeros of transmission has been demon-
mission spectra of Figs.(& and Gb). Finally, one can strated in modellistic calculatiorfS,especially using perfect
remark that the peaks appearing in the transmission spectbmundary conditions on the walls of the guide, and also
can be made sharper if the isolation of the cavity is in-proved in a numerical simulation of stubbed waveguide in
creased, for instance by bordering the cavity on each side byhononic crystals made of fluid/fluid or solid/fluid
two cylindrical inclusions instead of one as was shown inconstituents® The zeros of transmission are associated with
Fig. 1. the resonance frequencies of the resonators that are attached
In Fig. 6(c), we show the transmittance through the side-to the waveguide. However, the number of zeros of transmis-
coupled waveguide cavifyFig. 1(c)]. Since this system does sion for a phononic crystal with a fluid matrix is smaller than
not display any particular symmetry, an incident longitudinalthat of an all solid phononic crystal, since a fluid can only
wave can probe in principle all the eigenmodes of the cavitysupport compressional waves. In the case of a solid/solid
To enhance the zeros of transmission induced by the sideomposite considered here, both shear and compressional
branch resonator, we have chosen a linear guide of narrowevaves can propagate inside the waveguide and resonators.
width than the period, namelg=6.5 mm, to yield mono- As a consequence the transmission spectrum appears to be
mode guiding character from 90 kHz up to approximatelyricher and also more complicated due to this coupling be-
150 kHz(see Fig. 3 Transmission takes place for most fre- tween longitudinal and transverse vibrations in solid materi-
guencies below 140 kHz but zeros of transmission occur atls. The results of Figs. 7 show that the transmission spectra
several frequencies corresponding to the characteristic frestill contain very deep narrow transmissions, as well as some
qguencies of the cavity. It should be mentioned that with asmaller dips. Nevertheless, it is difficult to predict the exact
wider guide, for instance of width=11 mm, the dips in the frequencies of the dips, in contrast to the case of phononic
transmission still exist, but the transmission does not deerystals in which the background is a fluid material that can
crease as much as in Fig(ch It is interesting to notice that support only compressional wavEsFrom a qualitative
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point of view, the number of such zeros of transmission in-of the guide. In a cavity-containing waveguide, the transmis-
creases by increasing the length of the stub, as can be sesion can be limited to narrow frequency domains situated in
from a comparison of Figs.(& and db). This is expected the vicinity of the characteristic frequencies of the cavity.
since the resonator constituted by the stub can support @epending on their symmetry, different modes can be ex-
increasing number of modes when increasing its length.  cited and contribute to transmission when either a longitudi-
In Figs. 7c) and 7d), the width of the waveguide is made nal or a transverse incident wave is launched onto the
even smaller, i.,ed=4 mm only. This has the effect of shift- phononic crystal. The transmission peaks can be made
ing upwards the dispersion curves of the waveguide, leavingharper by increasing the isolation of the cavity. In the case
the lower part of the phononic crystal band gém 80 to  of a waveguide with a cavity along its side, the main modi-
120 kH2 free of modes. In other words, the waves are profication in the transmission as compared to the case of a
hibited from propagating along the waveguide in the aboveperfect waveguide is the existence of notches that occur at
frequency range. In this region, due to the presence of ththe characteristic frequencies of the cavity. The dips in the
stub, selective transmission becomes possible by tunnel efransmission become in general deeper when the propagation
fect at the frequencies of the modes induced by the stub. Orelong the waveguide is made monomode. Zeros of transmis-
can notice a good correspondence between some of thes®n can also be induced in the transmission spectrum by
peaks and the strongest dips in Figa)7 Therefore, the same simply coupling the waveguide to a stub. However, unlike
stub can induce selective transmissions or zeros of transmithe case of an isolated cavity, it is more difficult to find a
sion depending on whether the propagation is forbidden osimple interpretation of their frequencies, especially in the

allowed through the waveguide. case of solid/solid composites because the longitudinal and
transverse waves are strongly coupled together.
V. SUMMARY It would be interesting to investigate the above phenom-

) _ ) _ _ ena in more detail for different shapes of the cavities and
In this paper, we have investigated for the first time thegjfferent strengths of their coupling with the guide, as well as
propagation of acoustic waves through defect-containing compination of such defects:'” A rich variety of situa-

waveguide structures in phononic crystals composed of soligons may occur, especially in view of the fact that the

constituents. First, we have considered the case of perfeghononic crystal can be composed of both solid and fluid

waveguides, mainly to show that the number and dispersiogonstituents that can support different polarizations of the
of the localized branches that contribute to transmission cafygyes.

be adjusted by varying the width of the guide. In particular,
the guide can be made monomode over a large frequency
range of the phononic crystal band gap. Other geometrical
structures of the waveguide would be also interestitfor The authors would like to thank Professor P. Lambin for
applications such as filtering or demultiplexing, but this ishelpful discussions. They also acknowledge “Le Fond Eu-
beyond the scope of this paper. ropeen de Deeloppement Rgional” (FEDER and “Le

The transmission through the waveguide can be signifiConseil Rgional Nord-Pas de Calais” for providing part of
cantly altered by incorporating a cavity inside or at the sidethe computer facilities.
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