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Experimental studies of the influence of distributed power losses on the transparency
of two-dimensional surface photonic band-gap structures
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Two-dimensional(2D) surface photonic band-gaiSPBQ structures have been suggested to realize 2D
distributed feedback. The 2D SPBG structures can be obtained by providing 2D periodic perturbations of the
waveguide surface. Such a structure can be used in a wide variety of applications including microwave
electronics and integrated optics. The theoretically predicted effect of the transparency of the 2D SPBG
structure when distributed Ohmic losses inside the structure are relatively high in comparison with the wave
coupling coefficient has been observed in a series of experiments. The results obtained are in good agreement
with theoretical predictions.
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[. INTRODUCTION structure made up of long rodd.e., there is a very strong
contrast between the perturbed and unperturbed media. In the
Two-dimensional (2D) Bragg structures have recently Bragg structure studied in this paper the amplitude of the
been under intensive theoretichl—3] and experimental perturbations is small in comparison with the operating
[4—6] study. These structures have been proposed for applwavelengthperiodic corrugations in the case preseited.,
cation in high-power microwave electronif] but can also  the system can be considered as a low “contrast” medium.
be used in integrated optidd,8]. It is well known and This allows perturba_tion theory to _be used, which Iea_ds to
widely accepted that Bragg structures belong to the broagoUpled-wave equations for specific modes propagating in
family of photonic band-gaPBG) structures which are usu- th_e structure, wh_lle for the case of a strong contrast structure
ally defined as periodic structures used to suppress the traniS approach will not work and the development of more

mission of electromagnetic waves within a certain frequenc;&?srgpI,[%Xt;lheegreys;noieérl?rsk?‘fos\ll‘ljeq dueet'Bclgﬁcevr‘:ﬁgﬁzl'iéegué:eg_'
range. The suppression of the transmission of the electr ! 9e, y

magnetic waves within a specific frequency range takes Ia((:%lIS are investigated in order to obtain a broad band gap for
9 P quency rang  PlaCFave propagation resulting in unusual waveguide structures.
mainly due to Bragg resonance scattering of the wave insid

fr contrast, our goal is to obtain a narrowband highly selec-
the PBG crystal. Let us note that there are many other conyye highly reflective mirror, which can also be used to ob-
mon features between conventional PBG and Bragg struGain myltidimensional distributed feedback and is a possible
tures used in microwave science and optics. These includg,pstitute for 1D Bragg structures which are used success-
both possessing a forbidden band gap located around thg"y in integrated optics and quantum oscillators.
Bragg resonance frequency, and being distributed in nature The 2D SPBG structures studied in this paper can be ob-
with the suppression of the transmission dependence on t@ined by providing 2D periodic corrugation of the wave-
“volume” effect that exists due to resonant wave scatteringguide surface or by lining the waveguide with a material that
on a periodic perturbation. Also the width of the forbiddenhas a double periodicity of refractive ind¢8,9]. A sche-
band gap strongly depends on the “contrast” of the perturmatic diagram of structures of coaxial geometry with peri-
bation with respect to the unperturbed media, which in theodic perturbation on the outer surface of the inner conductor
case of Bragg structures corresponds to the amplitude of thie shown in Fig. 1. The black and white areas in the figure
corrugation. The main difference between the Bragg strucmay either correspond to the recesses and untouched surface
tures and conventional PBG crystals is that for a Bragg strucef the waveguide, or indicate the regions of high and low
ture the periodicity is usually located on the wall of the guid-refractive indexn of the lining material. It is important to
ing medium as opposed to a PBG, which is in the form of anote that similar 2D periodic planar structures have been
periodic honeycomb volumelike material. It is therefore consideredsee, for examplg10-12) to study the propaga-
thought appropriate to differentiate the two by the use of theion of the slow surface wavedsurface plasmon polaritons
word “surface.” Further, we will refer to the Bragg structure Due to their nature the surface waves possess high Ohmic
studied as a surface photonic band-g&»PBQ structure. losses[11] but can be useful for signal processing in inte-
This difference underlines the two limits of the application of grated optics and surface studies. Also, most of the energy of
the 2D model, where in a conventional 2D PBG crystal thethe surface wave is concentrated near the guiding surface
length of perturbations is much larger than the operatingmetal-dielectric interfage[12,13, which complicates the
wavelength(a conventional 2D PBG is often in the form of a use of such waves for active high-power devices such as
amplifiers and oscillators. In this work we study fast wave-
guide modes with relatively low Ohmic losses inside the
*Corresponding author. FAX+44-141-552-2891. Email address: waveguide and energy distributed between the waveguide’s
acp96115@strath.ac.uk conductors. Such waves are attractive for application in op-
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inner conductor with 2D
corrugation

FIG. 1. Schematic diagram of 2D coaxial SPBG structure with
corrugated inner and smooth outer conductors. The absorbing ma
terial painted on the inner surface of the outer conductor is indi-
cated by gray shading.

(b)

tics communication, integrated optics, and use in high-power
active devices.

The 2D periodic corrugation considered provides a 2D
wave scattering such that counter propagating waves ar
coupled indirectlyFig. 2@)], unlike the 1D scattering. This
allows the formation of a 2D feedback circle, which ensures
mode selection over longitudinal and transverse wave indice:
as well as synchronization of radiation from the different
parts of the oversized active medium. Computer simulations
have shown that the additional fluxes of electromagnetic ra-
diation result in synchronization of radiation from different
parts of a grossly oversizdth the transverse dimensigop
to 10° times of the operating wavelengihactive medium
[1-3]. In recent studie$5,6] the existence of 2D scattering
was demonstrated and operation of a free electron maser u:
ing a structure of planar geometry was reporfted.

The correlation between the wave absorption inside con-
ventional PBG structures and wave transmission througt
such structures has recently been under investigdsen,
for example,[15-18). This issue is important because the
losses inside the PBG structure may significantly affect the
field evolution and therefore its performance. This paper is
dedicated to an experimental study of the influence of the
distributed power losses on the 2D SPBG structure transpar
ency. In Sec. Il a model and results obtained from a theoret- X(mm)
'C.al study of a structure with (_jlstrlbuted power Iosses_are FIG. 2. (a) Schematic diagram of a two-dimensional distributed
discussed. In Sec. Il the experimental setup and cold microg

s of h struct ted. T eedback loop realized on an ideal 2D corrugation. The snapshots of
wave measuréments of such structures are presented. 10 coflg profiles of the field componenis, (b) andB, (c) in the middle

clude, we compare the experimental results with the theore{:’ross section of the 2D SPBG structure correspond to the magnetic

ical predictions and discuss the possibility of using thefie|q components of the partial waves. andB. , respectively.
phenomenon observed in high-power electronics and inte- - N

grated optics.

y(mm)

©

y(mm)

-40 -20 0 20 40

a=a, cogk,z)cog Me), 1)

wherea, is the corrugation depttk,=2/d,, d, is the pe-
riod of the corrugation over the coordinate, andn is the
number of variations of the corrugation over the azimuthal

A coaxial ideal 2D structure consists of two conductors ofcoordinate[1-3]. We assume that the radij,,r o, greatly
radii ri,,Tout, lengthl,, and having a small depth corruga- exceed the distance between the condudagtsr I, and
tion in the form the radiation wavelength:

Il. MODEL AND THEORETICAL STUDY OF IDEAL
COAXIAL 2D SPBG STRUCTURE
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lnout 80 Tinout N (20 the partial waveA, propagating in thet+ z direction is scat-
o N ) ) tered into waved3. propagating in the transversex direc-
Taking into account the condition@) the dispersion equa- tions and scattering into waves. , which ensures that the
tion for the eigenwaves of the coaxial waveguide can by dimensional feedback loog, —B.—A_ —B.— A,

reduced to the following fornp13]: is completed. To obtain an efficient coupling of the partial
w2 waves A« B, the following Bragg resonance conditions
k2=—zzkf+ kf, (3) [7,19] should be satisfied for each pair of coupled waves:
c
wherew is the wave frequency; is the speed of lightk, is k,— Exzi_ . kl—k.= ~k_, (73
the longitudinal wave numbek. =k7+kZ, k,=M/r is the
azimuthal wave numberg=(ri,+row/2, kK, =p7/a, is the K,— IZ)L:TZ, ’ IZ;— K = _|—(*+ . (7b)

radial wave number, anl and p are the azimuthal and

radial variation indices, respectively. The dispersion equation. . .
is similar to that obtained for the eigenwaves of the pIanaIr:|-akIng into account that the 2D feedback loop can be ob-

waveguide. This allows one to neglect the small curvature O}ained only v_vhen conditiont?) are satisfie_d simultaneously,
the cavity surface and adopt the planar coordinate systerif?® four partial waves undergo the coupling on the 2D struc-

introducing the transverse coordinate-roX @, which en-  Ure if
ablesk, to be used instead ¢, i.e.,k,=k,. _ _

The field inside the 2D SPBG structure can be presentedk,=k;=k,, k¢=ki=k, (|m=[M|) and [k,|=|k]],
in the form of four coupled waves: A. , propagating in the (8
+z directions and5.., near cutoff waves “propagating” in

the = x directions(Fig. 2): wherek is the transverse wave number of the partial waves
B- . The last condition in Eq(8) does not follow from Eq.
E=Re({EX(1)[ B, (x,2)e ¥+ B_(x,2) e+ EY(r) (7) but from the condition that the wavé. should be near
. cutoff of the waveguide. In Fig. 2 the snapshots of the pro-
X[ A, (x,2)e" 2+ A_(x,z)ekZ]leleY). (4) files of the incident(reflected waves.A. (A_) [Fig. 2b)]

and wavesB. [Fig. 2(c)] are shown at the cross section,
Here A.(x,2),B-(x,z) are slow functions of thec andz  which corresponds to the center of the structure. These fig-
coordinatesk, ,k, andk, k; are the azimuthal and longitu- ures were obtained for the structure studied in the experi-
dinal wave numbers of the partial waves$, ,5_ and ments using the 3D particle-in-celPIC) codeMAGIC. The
A, ,A_, respectively, an(Eg'b(r) are functions describing incident TEM wave has no field variation along the radial
the spatial wave profile along threcoordinate, which coin- and azimuthal coordinate and the shading, which represents
cides with one of the eigenmodes of the coaxial waveguidethe polarity of the wave, does not change. The field compo-
We also assume that the distance between the inner and outegnt (B,) observed in simulations and presented in Fig) 2
conductors is small to ensure the excitation of partial wavesloes not exist in the field of either incident or reflected TEM
B, andB_ with one specific radial wave number defined by waves (4.) and can be attributed only to the near cutoff
the resonance conditionsee below. Due to the circular wave Tk, ; of the coaxial waveguidépartial wavess..).
geometry of the coaxial system the wave amplitudes shoul@hus the change of the polarity along the azimuthal and ra-
satisfy the cyclic boundary conditions dial coordinates is obvious and 24 variations are clearly evi-

dent in Fig. Zc). This agrees with the resonance conditions

B(x+1y,2)=B.(x,2), A:(X+lx,2)=A.(X,2), (5  and the waveguide dispersion relatits).

. . . The field scattering on the corrugation, when conditions
where |,=2a, is the cavity mean circumference. These g) 5re satisfied, can be described by the set of coupled wave
conditions  allow the partial _Wwave _ampht_udes equations for the dimensionless amplitudes,B .

A+ (X,2),5.(X,z) to be represented in the Fourier series

*° aAi . .
A (x,2)= 2 AT(2)eims i¥+|5Ai+oAt+la(B++B,)—0, (99
m=—ow

“ B .
B.(x.2)= _2 BT (z)eimsx ®) iW+|6Bt+oBt+|a(A,+A+)—O, (9b)
wheres= 27/l ,. where A, =A.&7% B.=B.&8"'% §=(w—wy)/c is the

small frequency detuning from the Bragg resonanesg,

=c\k?+k? is the Bragg frequenciw — wo|<wy, o is the
. — . . distributed power loss, and is the wave coupling coeffi-
z coordinates an#, ,k, are the amplitudes of the projections cient[1—3]. Substituting Eq(6) in Eq. (9), the set of equa-

of the lattice eigenvectoﬂ_gi on the axex andz. In Fig. 2a) tions can be reduced to

The lattice eigenvectors can be presented@gfxio
+Kk,Zy, wherex, andZ, are the unit vectors along theand
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dAIm 2a%(i 5+ o)
(i 6+ 0)%+s°m?

(AT+AT)+ (i 5+ a)AT=0. ® 36 37 38 39 40
0

10 ] @
Let us note that the distributed power losses can be associs v/

ated, for example, with Ohmic losses due to the skin effect orE -10
due to the presence of a dissipative material lining the sur-
face of the waveguide.

siondB)

The reflection and transmission coefficients from such a 2
structure can be found by taking into account the following
boundary conditions: Frequency (GHz)
AT(ZZO):AOm, A"(z=1,)=0, (11 35 36 37 38 39 40
. . (b)
wherel, is the length of the 2D structure. The analytic ex- _ 0
pressions for the reflectioR,, and the transmissiom,, co- )

~
efficients can be obtained as functions of the a2|muthal mdexg \/ /\Wf /\F i)

U, AT
m and frequency detuning, of the incident wave. Let us £ -10
note thatd, is real, in contrast t@ which is complex: E l
-20
AP
Rm: JR— — 1 (12) ]
qm[pm_)\mCOt()\ml Z)] STRT =5. = TOP 40. D000 G_‘Hz
Frequency (GHz) )
T = —ikm (13) FIG. 3. The transmission coefficient through a 2D SPBG struc-
Sin(y 1) Pm— in cot(f 1)] ’ ture of length 4 cm obtaine@) from simulations using the 3D PIC
mzZZLEm - Em mz codemacic and(b) from experimental resultghin line) and theo-
where retical predictions using formul@l3) (thick line).
2a%5 25a® . . the absolute values of the amplitudes of the wavesand
am= - +8, o=idpto A_ are nearly equal anR|— 1. Decrease of the parameter
s?m2+ 62 s?m?+ 62 . o ;
alo~1 [Fig. 4b)] leads to a significant drop of the ampli-
and tude of the reflectedd . wave and an increase of the ampli-
tude of the transmitted wavel, (z=1,)~0.5. Whena/o
Ao <1 [Fig. 4(c)] the amount of energy that passes from one
N o] —+1, (14) partial wave into another due to scattering#0) is insuf-
82+ 5?m? ficient as compared to the energy dissipated, and the maxi-

mum reflection coefficient at the exact Bragg resonance fre-

whereo is associated with the rf power losses. In analyzingquency is of the order- O(a/c)?. As a result the condition
expressiong12) and (13), we have to note that for each a~o can be considered as the lower limit in the minimum
mode with indexm such a structure provides an effective value of the coupling coefficient, i.e., this dictates the mini-
reflection zongforbidden band gapinside a frequency in- mum amplitude of the periodic perturbations. This also limits
terval defined by the condition %<0 In F|g 3 the the- the minimum effective width of the reflection zone defined
oretical result obtained from the full 3D simulation of the by Re(Arr)<0 Let us note that if such a structure is used as
experimental system using the PIG cadscic [Fig. 3a)] mirror for an oscillator’s cavity it is reasonable to assume
and numerical analysis of EL3), together with the experi- that the parametet/o should be large for the input mirror
mental data obtainefFig. 3(b)] are presented. The good and moderate for the output mirror in order to allow some
agreement between the results presented is easy to see aadiation to escape out of the cavity. On the other hand the
proves the validity of the use of the coupled-wave approxi2D SPBG structure can also be used in a high-power ampli-
mation for the study of a low contrast structure. fier if @/o is small. In this case the amplitude of the back-

It is important to note that in a real system the rf powerward wave is insufficient to result in self-excitation of the
losses are always present, while the coupling coefficientsystem while at the same time transverse fluxes are still
which is proportional to the amplitude of the periodic pertur-present, which are sufficient to synchronize the radiation
bations, can be easily adjusted. Analyzing Ef) together  from the different parts of the oversized medium.
with conditions(11), the profiles of the partial waves, when  Taking into account that in the experiments presented the
the azimuthal-symmetric waven=0) is incident on the 2D 2D SPBG structures were excited with a TEM mode of a
structure at the exact Bragg frequency, are presented faaxial waveguiderc=0), the expression for the reflection
three different values a#/c. Thus whena/o>1 [Fig. 4a)] coefficient(12) can be presented as
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,=4.8 cm; a/0=1000 ,=4.8 cm;alo=1 |=4.8 cm;a/lo=0.2
5 - (arb. units) (arb. units) (arb. units)
1.6 1
-\Bi :
4 - ]
] 1.2 -\
3 4
. 0.8 -
] :\
1 4 A+ 0.4 :
O T 1 1 1 17 1 1 7T O ] LI B B B N B 1
q 5 L—735 s A 25 5
a1l {1 A- 024 .
z(cm) -0.4 - Z(cm) z(cm)
(a) (b) (©)

FIG. 4. Spatial profile of the partial wave$. andB. . The partial waveAd, is the incident wave of unit amplitudeolid wide ling on
the 2D SPBG structurd,=4.8 cm,s=0.29 cm !, anda/o is (a) 1000;(b) 1; (c) 0.2

—242 Bragg frequency and the effective width of the band gap is
Ro= — , ~4a. However, whemna/ o<1 the amplitude of the drop of
2a%— 82—i[8(4a°— 82 Y2 cotH | o (4a?— 62)*2) the transmission coefficient at exact Bragg resonance is

(15)  O(a?/o?) with respect to the transmission outside the band
gap, and therefore the forbidden band gap may be relatively
whered=(8y/a)—i, &=alo, i=+—1, andl, is the length difficult to distinguish from the background noise, via mea-
of the 2D SPBG structure. The dependence of the transmisurement of the reflection/transmission coefficients. This ef-
sion coefficient for three different values efoc whenm  fect of a “disappearance” of the sharp resonance drop of the
=0 is presented in Fig. 5. The maxima of the reflectiontransmission coefficient also exists for other modes with an
coefficients are located at exact Bragg frequenfiegined  indexm=0 [6]. From this point forward we will refer to this
by Eg. (8)] and strongly depend on the parametéo. In  effect as a transparency of the 2D SPBG structure.
accordance with the previous discussion, when distributed
losses are small in comparison with the value of the coupling
coefficient, the minimum of the transmission is at the exact Ill. EXPERIMENTAL STUDY OF THE DISTRIBUTED
POWER LOSS INFLUENCE ON THE 2D SPBG
STRUCTURE TRANSPARENCY

a=0.12 cm*

- 4 -1
0=6x10"cm The results of the experimental study of the influence of
6=0.07cm* the distributed power losses on the 2D SPBG structure trans-
4 parency are presented in this section. We aim to demonstrate
0=0.14 cm the theoretically predicted transparency of the coaxial 2D
SPBG structure when the ratio between distributed power
losseso and wave-coupling coefficient is a/o<1.

The 2D SPBG coaxial structure was obtained by provid-
ing a shallow 2D corrugation on the outer surface of the
inner conductor of a coaxial waveguidegig. 1). It is impor-
tant to note that the theoretical results were obtained for an
ideal sinusoidal 2D corrugatiofl), while in the experiments
an ideal sinusoidal corrugation was substituted by a 2D
“square wave” corrugation with a chessboard pattgstb]

. . . . . (Fig. 6). It was shown ir{5,6] that this type of corrugation is
35 36 37 38 39 40 a good substitution for the ideal sinusoidal corrugation. To
Frequency (GHz) obtain the required “square wave”_corrugatlon, the inner
conductor of the 2D SPBG structufEig. 6) was assembled
FIG. 5. Theoretically predicted frequency dependence of théfom a set of separate gears. The length of each gear was a
power transmission through the 2D SPBG structure of length 4.éalf period of the corrugation. To obtain the chessboard
cm and radii of inner and outer conductors 2.95 and 3.90 cm, restructure each gear was rotated with respect to the nearest
spectively. gear at a specific angle, which is defined by the period of

-10 1

Transmission (dB)
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gs R ~6x10°* cnr!
S oM Y 1ANY el
g \/ 1‘* VYW W W W ] o ~0.07cm
‘2 5 ‘ 'V
Z '
£-10
2
8 .15
=35 36 37 38 39 40
l‘j\’\mmmﬂ:ll;"!'”" UL L Frequen(:y (GHZ)
i (b)
2 s
FREN NMW’WWW“ My 0 ~6x10% e
% sl W B A R T T ,/l\ 6~0.14 cm
- T |
FIG. 6. Photograph of the 2D corrugated inner conductor of the g -10
. ; . £
2D SPBG coaxial structure with chessboard corrugation pattern. £ Is
& -
35 36 37 38 39 40

corrugation and the diameter of the inner conductor. This
design allowed a simpler manufacturing technique to be
used, which reduced the time required to construct sqch & FIG. 7. Frequency dependence of the power transmission
structure. The geometry and parameters of the corrugation @rough part of a coaxial waveguide of length 4.8 cm, radii of inner
the 2D SPBG coaxial structure coincided with those of a 2Dyng outer conductors 2.95 and 3.90 cm, respectively, ¢aithin-
SPBG structur¢5] but of length 4.8 cm. To excite the 2D modified (bold line) and added mediuntthin line) losses;(b) un-
SPBG structures with a TEM mode of a coaxial waveguide modified (bold line) and added higfithin line) losses.
a special transmission line as described in previous experi-
ments[5] was used. The microwave parameters of the struc=kA(1/a+ 1/b)/2 In(a/b), where A is the skin depth for a
tures were measured using a scalar network analyzer in trgpecific materiala andb are the radii of the outer and inner
frequency range from 30 to 40 GHz. In accordance with theconductors, and is the wave number. Taking into account
calculations, the minimum of the transmission was obtainedhat a=3 cm, b=4cm, k=7.81cm ', and the outer con-
at the resonance frequency 37.3 GHz, which corresponds @uctor was made from aluminum alloy, the loss parameter
the cutoff frequency of the T ; wave of the coaxial wave- was estimated to be of value~6Xx 10 % cm™ . Transmis-
guide. In the previous studp] it was assumed that the par- sion through part of the coaxial waveguide, when medium-
tial wavesB. are TMy o waves, but more detailed analysis [Fig. 7(a), bold line] and high-powerfFig. 7(b), bold line]
(Fig. 2) demonstrated that the B, mode is excited. losses were introduced, were compared with the power trans-
To conduct the experiments one has to vary the distributeghitted through the coaxial waveguide when no absorbing
losses while keeping the coupling coefficient constantmaterial was preserFigs. 1a) and 7b), thin line]. In the
Changing the coupling coefficient while keeping the distrib-frequency region of the expected band ¢ap-38 GHz the
uted power losses constant will result in broadening/attenuation was approximately 2.5 dB-0.6 dB/cm oro
narrowing of the band gap of the structure. Therefore, taking=0.07 cmi %) for the medium-loss absorbing coating and ap-
into account the strong noise interference, which is alwaygproximately 5 dB(~1.25 dB/cm oro~0.14 cm?) for a
present, the band narrowing may lead to unreliable resultdigh-loss absorbing coating.
Also, it is important to note that because the 2D SPBG struc- After the calibration of the rf power losses, the smooth
ture was obtained by providing corrugation of the inner con-dnner conductor was substituted with the corrugated one.
ductor of the coaxial waveguide and the coupling coefficieniTaking into account the parameters of the structure the cou-
« is proportional to the ratio of the amplitude of the corru- pling coefficient was estimated to he~0.12 cmit. The
gation to the distance between the waveguide conductors, fiesults of the computer simulations of the power transmitted
was much easier to vary the distributed power losses rathéhrough the 2D SPBG structures with the wave-coupling co-
than the wave-coupling coefficient. In the experiments theefficient «~0.12 cmi'* and different values of distributed
losses were gradually increased by increasing the number ¢dsses are presented in Fig. 5. The experimental results of
layers of absorbing paint coated on the inner surface of theneasurement of transmission coefficients through the 2D
outer conductor. The maximum width of the absorbing ma-SPBG structure are presented in Figs. 8 and 9. Comparing
terial was less than 1 mm and much less than the distandeigs. 8 and 5, one notes that when low-absorption material
between the inner and outer conductors. Before conductingias used ¢/ o> 1) the forbidden band gap is clearly evident
the experiments with the 2D SPBG structures the losses weiig both figures. In Figs. @) and 8b) the thin line indicates
calibrated. To calibrate the rf power losses a smooth innethe transmission through the 2D SPBG structure with low
conductor was used. First, a “clean” outer conductor, i.e., arlosses. When a medium-loss absorbing material was used,
outer conductor without a coat of absorbing material wase/o=1, Fig. §a) (bold line), the shape and amplitude of the
used. In this case the power losses inside the coaxial wavéransmission forbidden gap were significantly changemin-
guide due to the skin effect can be estimated to de pare with Fig. 5. Further increase at/o<1, Fig. 8b) (bold

Frequency (GHz)
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) FIG. 9. Frequency dependence of the power transmission
FIG. 8. Comparison of the frequency dependence of the powefhrough the part of coaxial waveguidbold line) and 2D SPBG
transmission through the 2D SPBG structure without added lossegyycture(thin line) of length 4.8 cm when there afe) no added

(thin line) with the frequency dependence of the power transmissiorposses;(b) added medium losse&;) added high losses.
(bold line) when added losses af@ medium andb) high.

line) resulted in a “disappearance” of the transmission for-aré reproducible in all the experiments that were conducted.
bidden gap. In Fig9 a comparison of the transmission Let us also note that a similar correlation between wave ab-
through coaxial structures with a corrugatéin line) and a  sorption and transmission has been obtained for conventional
smooth (bold line) inner conductor are presented. The 2D PBG structure§15-18; however, it was observed only at
SPBG structure’s forbidden band gap is clearly visible wherihe edges of the band gap. In contrast with our results, which
Ohmic losses are loFig. 9a)] and are less visible when demonstrate that the band gap “disappears” due to an in-
medium-level losses are introducgig. 9b)]. The differ-  crease of the wave absorption, the increased absorption in
ence between transmission coefficients through the structufd5—17 was explained by increased transparency of the
with the smooth and the corrugated inner conductors bestructures at those band-gap edge frequencies and therefore
comes negligible when high Ohmic losses are introducedﬁcreased probability for the Iight to be absorbed. The results
[Fig. 9(c)]. In this case, the 2D SPBG structure can be condo not contradict each other but underline two different ef-
sidered as “transparent” as a part of the coaxial line but withfects obtained if15-18 and in the work presented in this
added power losses. Comparing Fig. 5 with Figs. 8 and 9 it i§aper. This also follows from previous studig20-22 in

clear that the experimental data agreed rather well with th&hich a similar effect for conventional 2D PBG and 3D PBG

theoretical predictions. structures has been obtained. Thus in [R&f] it was shown
that in conventional 2D PBG structures the band gap appears
IV. CONCLUSION only when the dielectric contrast ratio is 7.2, and if the con-

trast is reduced this leads to “disappearance” of the band
An experimental study of the influence of rf power dis- gap. This was also obtained for the 3D PBG struc{i2®

tributed losses on the 2D SPBG structure transmission coefwhere changing the contrast ratio from 12 to 4 resulted in a
ficient has been carried out. Measurement of the transmissiatecrease of the photonic band-gap width, while further re-
coefficient was conducted for different values of distributedduction of the ratio has resulted in a complete “disappear-
losses while all other parameters of the 2D SPBG structurance” of the band gap. Let us note that the wave-coupling
were held constant. Observation of the transparency of theoefficient is proportional to the medium’s contrast.
2D SPBG structure was completed and comparison of the By extending the concept of the experiments presented in
data obtained from experiments with theoretical analysighe paper, it becomes rather obvious that if the resistivity of
demonstrated that the experimental results agreed well witthe absorbing material or coupling coefficient is sensitive to
theoretical predictions. It is important to note that in the fre-external influence such as temperature, magnetic field, or la-
guency regions far from resonance the transmission featuresr radiation then induced transparency may be observed.
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This can be used to obtain fast optical switches, active mir- oA B

rors, and filters. Thus the use of a 2D biperiodic dielectric ~ — —>+ ———o(l,F)A_+ia(l,F)(B, +B-)=0,
instead of a biperiodic corrugation can be considered. Using

the results obtained above, it is easy to foresee that, if a

nonlinear medium with a double periodic refractive index 9B. 0

+ i:+a'(l,F)Bi+i&(l,F)(A++A,)=O,

(see, for exampl€,9]) is used, i.e., when the perturbed re- + X 5
(16)

fractive index of the mediunm, is dependent on the field
intensity andng is the refractive index of the unperturbed
medium, a nonlinear change of the width of the band gap due
to a change of the coupling coefficiefnation; /ng), as well  whereo(1,F) and&(l,F) are some functions of field inten-
as induced transparency, may be observed. The theory a@ﬂy I=|E|? and the external paramet&t which can also
experiments als_o predlc.t .that a band 9ap will appear Onh(nfluence the losses and the wave coupling.

when the coupling coefficient, i.e., the ratiQ/ng is larger

than some threshold value, which is defined by distributed

losses i_nside the s_tructure,_whicr_\ can be due to either Ohmic ACKNOWLEDGMENTS
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