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ABSTRACT

The purpose of this paper is to study the radiative properties of two model structures. The first model (A-1) is a rectangular
grating of silicon (Si). The second one (A-2) is obtained from A-1 by filling their trenches by SiO2. These patterned wafers
are characterized by three geometrical parameters, the period d, the filling factor ¢ and the thickness h. To derive and
compute the radiative properties we use a rigorous coupled wave analysis (RCWA) method. Our attention is focused on
the absorptance of these structures when they are illuminated by a monochromatic plane wave. We investigate the effect
of the filling factor on the absorptance versus the direction of the incident wave. At specific angles of incidence the effect
of the period is also studied. Besides, the influence of the thickness h on the absorptance is included throughout this work.
At the wavelength 4 = 632,8nm, we especially show that we can identify several perfect absorber model structures
characterized by specific parameters and by accurate angle of incidence. We show that this will be done in both
transverse electric (TE) and transverse magnetic (TM) polarization cases.

Keywords
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INTRODUCTION

The prediction of the absorptance of nano-structured surfaces has been the subject of many interesting studies.
More generally, radiative properties connected with emission reflection and transmission of such structures have
engendered a wide interest because of their various areas of application, including diagnostic systems used in
semiconductor industry and thermal systems where radiation transport is important [1, 2]. The study of the coherent
emission from patterned wafers with nanoscale linewidth has drained much attention for application in thermo photovoltaic
procedures and optoelectronics [3-5]. Chen, Zhang et al. have studied the absorptance of patterned wafers of Si, SiO2
and poly-Si versus wavelength, polarization and angle of incidence [6]. They treated the problem of temperature
nonuniformity in rapid thermal processing. Let's note that classical approaches of radiative heat transfer are no longer
valid at nano-scale and has been revisited according to the geometric length scales of the surfaces [7, 8]. Experimental
measurements of radiative properties [5, 9-14] and numerical investigation [6, 15-18] have been carried out. A variety of
one or two-dimensional surface gratings or structures tailored on different materials, especially with photonic crystals, has
been studied [19-24]. Authors showed some interesting phenomena related to the interaction of electromagnetic waves
with surface microstructures having dimensions comparable to the wavelength.

In this paper we derive and then numerically determine the spectral directional absorptance of two types of model
structures. A rectangular grating of silicon (Si), A-1, and an array of SiO2-filled trenches formed in Si substrate, A-2. The
geometrical parameters of these structures are the period d, the thickness h and the filling factor ¢ . They are illuminated

by a transverse electric (TE or s) or a transverse magnetic (TM or p) monochromatic plane wave. The direction of
incidence lies in the plane perpendicular to the grooves of the surface; it is defined by the angle of incidenceéd . A
schematic physical system is depicted in figure 1. The optical constants, i.e. the refractive index n and the extinction
coefficient «, of Si and SiO2 in the wavelength range used in this work, are taken from references [6] and [25]. The choice
of the temperature of these patterned wafers and that of the wavelength range, are dictated by the work of Chen, Zhang et
al. [6].

In this paper we, first, focus on the effect of the filling factor ¢ on the absorptance. We consider structures A-1 and A-2 with
the same periodd =2 gm and with thicknesses h equal to 0.14,0.54 and A respectively, and an incident wave of the
wavelength 4 equal t00.6328 p¢m. The two polarization cases, TE and TM, are considered. The effect, of filling the
tranches of A-1 by SiO2 on the behavior of the absorptance versus the filling factor ¢, will be widely investigated. At our

humble knowledge this study has not been published before for these structures. However, as we will see in section 3 this
study leads to some interesting results. Here, let’s, only, note that the effect of ¢ on the absorptance of the structure versus

the angle of incidence strongly depends on the thickness h, and obviously on the polarization.

We, second, focus on the influence of the period d on the absorptance. Since, the common and most used filling factor in
the literature dealing with such structures (and gratings) made of one or several materials, is ¢ =0.5, we consider

structures A-1 and A-2 with this same value of the filling factor. But we vary the period d from 0.141t0 204, and consider
thicknesses h equal to 0.11,0.51 and A respectively. The angles of incidence are # =1°and 6 = 60° ; and the wavelength
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A of the incident wave is again equal t00.6328 4m . The two polarization cases are also considered. Here we especially

aim to identify some well defined structures which act as nearly perfect absorber, namely with absorptance greater than
0.95.

In this work the absorptance is derived from a Rigorous Coupled Wave Analysis (RCWA) method [6, 26-31]. This choice is
dictated by the fact that this method is computationally less expensive than others, such as the surface integral method
[32-35], and it is able to handle even deep metallic gratings with any periodic profil [27]. Although, the RCWA method
adopted here is widely used, we briefly present in section 2 its main steps leading to the absorptance of the structures. We
also briefly expose the associated algorithm that we used for the numerical implementation.
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Fig 1:Geometry of the scattering problem.

2. RIGOROUS COUPLED-WAVE ANALYSIS

To determine the absorptance, «,(8), of the structures considered in this paper, we use a Rigorous Coupled-

Wave Analysis (RCWA) method. It particularly leads to calculate the electric-field complex amplitudes of the reflected
waves from which we derive the reflected efficiencies. The absorptance is then easily deduced by applying the
conservation law of energy at the interface.

The RCWA is based on the electromagnetic theory without any restriction assumptions. Here after we’ll present a brief
description of the method in the case of a transverse electric polarized incident plane wave.

The first step of the method is to derive the coupled-wave equations inside the grating. For this aim the space is divided
into three regions: region | (z <0 ) of incidence, region Il of the grating (0 <z <h) and region 1l of the substrate (z > h).

Regions | and Il are linear homogenous and isotropic media with constant dielectric permittivity £ and ¢, respectively.
Here after region | is assumed to be free space (or air) with ¢, =1. However ¢, is considered as a complex constant. The

modulate region Il of the grating is subdivided into M parallel layers with the same thickness, h/ M , with M is an integer
(Fig. 1). The permittivity of the m" layer, ¢, =¢_(X,z=2_), is a periodic function of x with period d. Therefore it can be

expanded in its Fourier series,
£.(%,2,)=3 2, exp(j (K x), (1a)
where j? =-1,K = 27/d is the magnitude of the grating vector, ¢ is the harmonic index, ¢, , are the complex coefficients of

the Fourier series expanding and z_is the coordinate of the m" layer.

Inside the grating region, the fundamental coupled-wave expansions of the electric field, E (x,z)and of the modified
magpnetic field h (x,z)= u,cH, (x,z), are given by:

E,(x,2) = XE\"(2)exp(jk!"x), (1b)

h,(x,2) = 3h"(z)exp(jk’x), (1c)

Wherek!” =k + ¢(K/2x), andk!” =(2x/4)n,sing,, withd is a discrete refraction angle, n,the average refractive
index, and ¢ the space harmonic index ¢ =1,-1,2,-2....,. Let’s outline that the partial fields E{” and h{" are functions of z, so
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that each ¢ does not represent a unique plane wave but it corresponds to an infinite number of plane waves. Farther more
these partial fields taken individually do not satisfy the wave equation [40].

Using the expressions (1) of E (x,z) andh,(x,z), and applying the boundaries conditions, Maxwell's equations and the
Helmholtz equation one can obtain, after some mathematical manipulations, the following coupled-wave equations,

dE”
EE ), (2a)

(1) ¢
ot —j{—[";;]z E((2) +K T2, kE;”(z)} , (20)

Where [kifm’]z =kie,, —[ki”]2 withk, =(27/4). Sincelis an integer varying between-cand+w, these equations
represent an infinite system of first-order differential equations. However, for the numerical calculation we have to retain a
finite efficient number N.

The second step is to algebraically resolve the truncated system resulting from system (2). This system can be written in
the matrix form, by retaining a finite number N of diffracted orders,

du
- (0= Mb@), @)
with0 <z <h, and where U is the 2N vector and [M]is the 2N x 2N matrix both derived from system (2).
The solution of (3) corresponding to the m" slab located between the consecutive coordinates z_andz . (z, 6 >z ) will
be,
U(z,)=exp((z,, ~2,) M, ]U(z,.). (4a)

Diagonalizing matrix [M, Jwe can introduce the matrix [ISmJ build with the eigenvectors of [M_ ], and the diagonal matrix

[D, ] of the eigenvalues of [M, ], so that,[M_ ] = [I;m][Dm] [5m }1 and relation (4a) become,

U(z,)=[B.Jexpl- (2., ~2) 0,)B. U(z,..).- (4b)

The third step is to derive the generalized characteristic matrix. It relates the initial (z=z ) and final (z =z ) values of
electromagnetic field components. For a grating including M substructures, this matrix is expressed as

HB@esl ., -2) LB (40)

Now, we introduce forward- and backward-propagating waves in the region |, and we use the Rayleigh field expansions,
E,(x,2)= i{f;” explj(kx +kz)]+ b explj(k'x —kLz)]}, (5a)
h,(x,2)= 7ki Sk explik!x + k') + ki Skb explilk!x ~k'z)]. (5b)

0

where f{” and b!” designate, respectively, the electric-field complex amplitudes of the incident and reflected waves in the
region. The k' are still defined as indicated above, and [k’ =k? —[k’].

Similar equations can be derived in region Ill. We denote by f andb/’the complex amplitudes of the forward-and
backward-propagating waves in this bottom half-space.

When we note that expansions (1) can also be applied for the upper half-space, it becomes obvious that we have two

representations of the electromagnetic field in region I. The first one, in terms of E{” and h"”’, is more convenient within the
grating. The second one, involvingf!”andb!”, is more physics-phenomena intuitive and usually used without the
modulate region I. Another important advantage of this second representation is that, it permits an interesting writing of the
boundary conditions atz=z_ . The two representations at this first interface will be connected with the 2N x 2N matrix

lc(z,.)].

Similar derivation will be made at the second interface z = z,__ , introducing 2N x 2N matrix [C(z,, )], and finally leading to,
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fp(’:r) fL(/'fr)
=lcz. ' 7]e,.)] ®)
bl(:ffr) bi/fr)

vith, [17]= [1(P, (z, lexpl- (2, -2, )PIP, (2,.)]").

More details concerning this development can be found in reference [26].

Now, let’s point that there is only one incident wave in region | and there are no backward propagating waves in region Ill.
Therefore, system (6) is not other than a linear system of 2N equations of 2N unknowns b{"” andf"”. For the numerical
simulation we use the algorithm presented in reference [26]. RCWA method for transverse electromagnetic case is similar
to that developed above, but with introducing the corrections given by Lifing Li [29, 30].

The directional hemispherical spectral reflectivity (or the reflectance) of the structure, p;(8) , due to the spectral directional

incident radiation, is defined as the reflected flux into all directions, ' , above the surface. Therefore, the reflectance is the
summation of the reflected efficiency of all orders. The conservation law of energy leads to the relationship
between p7(8) and the spectral absorptance «,(8), as [37]: «,(0) =1- p;(0) ; 0 indicates the incident direction.

In this paper, numerical results and physical discussions will be done in terms of the absorptance of the structures. Let's
note that the above derivation is taken for any periodic profile surface function of x, with the grating vector defined in the
positive x direction. In general, the solution of RCWA converges for a suitable choice of the number M of sub-layers and
that of the retained orders N of diffraction. However, since A-1 and A-2 are rectangular gratings a single layer, M =1, is
sufficient. The numerical code used in this work is verified by comparison with published results [6, 35].

3. INFLUENCE OF THE FILLING FACTOR ON THE ABSORPTANCE
3.1. Effect of the filling factor on the s-polarized absorptance

a) Rectangular Si-gratings

The left hand-side of figure 2 shows the absorptance of rectangular Si-gratings, -, (), versus the angle of
incidence of a transverse-electric (TE) incoming wave, for different filling-factors ¢ varying from0.05 t0 0.9 .

The absorptance of very thin Si-gratings, of height h=0.11, is almost not influenced by ¢ (Fig. 2a). In other words, the
fringe-width, pd , of these gratings of period d =2000nm~3.16 4 andh=0.11=63.28nm, don't affect the absorptance at
any angle of incidence. They behave like a flat dielectric surface, of Si, for this wavelength 1 =632.8 nm . Let’s increase
the height, h, of the grating toh=0.54 =316.4nm and then to 4. For these two cases, graphs of ¢, (@) are shown in

figures 2b and 2c respectively. For both cases, changes in the absorptance versus ¢ occur. This effect depends on the

angle of incidence. In fact, when the angle of incidence is smaller than about 30° the absorptance stay fairly uninfluenced
by the filling factor ¢ , however for & greater than 30° the absorptance varies with ¢ . So that, we can say that the influence

of the width of the rectangular trenches, ¢d , begins to appear only for relatively deep gratings (here for h=0.51 and
h =11) and when the angle of incidence is far away from the normal direction (here for @ > 30° ). This can be explained
by multiple scattering effects inside the grooves of the grating.

b) Structures A-2

Now let's see how the absorptance is influenced when the trenches of the structures A-1 are filled with SiO, ?

This leads to the structures A-2, and we, also, look at the TE polarization case. On the right hand-side of figure 2 the
absorptance of numerous structures A-2 is shown, it is significantly changed in comparison with the corresponding one on
the left hand-side (case A-1). First, while there is no effect of ¢ on «, (&) of the Si-gratings A-1 with the thickness h=0.11

(Fig. 2a), we can see from figure 2a' that the influence of p on the absorptance of the structures A-2, with the same
thickness, is clearly manifested. At any angle of incidence, except for & = 90°, the absorptance is increased as the filling
factor g is increased. Therefore, as the thin SiO, film on Si substrate (SiO, -coated Si) its absorptance is increased. This

enhancement of the absorptance is due to the fact that, in general, SiO, film behaves as an antireflection coating [33].
Similar behavior of the absorptance for cases A-2 is also observed when the thickness h is increased to0.5 2 and h=11
(Figures2b’ and 2c’ ). The influence of ¢ on the absorptance of the structures (A-2) is especially important for  ranging
from 30° to 70° when the thickness h =14 . Besides the fact that «, () increases with the filling factor ¢, it is remarkable
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that it reaches a peak 0f 0.9 at ¢ equal to about 45°and for ¢ = 0.9 (Fig. 2c'); even more a peak of ¢, (&), versus 8 , begins
to appear when ¢ surpasses 0.4 . This type of changes of the absorptance versus the angle of incidence is never observed
at any value of ¢ when the height h of the structures (A-2) is either equal to 0.54 (Fig. 2b") or0.1 4 (Fig. 2a). Let's note that
the influence of the filling factor ¢ on «, (@) persists for @ smaller than 30° (Fig. 2c¢"), but it is more important for structures
of thickness h =0.5 4 in this same rang of angles of incidence (Fig. 2b").

3.2. Effect of the filling factor on the p-polarized absorptance

In this subsection we study the effect of the filling factor ¢ on the spectral absorptance «,(8)versus the angle of
incidence in the transverse magnetic polarization case. Numerical results of ¢, (&) are presented in figures 3 for ¢ varying
from 0.05 t0 0.9, for both model structures A-1 and A-2 of the same periodd =2m .

The filling factor ¢ has no effect on the absorptance of a very thin (h=0.11) rectangular Si-gratings at any angle of
incidence (Fig. 3a). But, figure 3a' shows that the absorptance is clearly influenced by ¢ for structures A-2 with the same
thickness h = 0.14 for which the trenches of Si-gratings are filled with SiO, . The absorptance «,(@)is increasing with the
filling factor for @ smaller than about 60°, but it is decreasing when g is increased for 8 greater than 60°. Let's note that in
both cases A-1 and A-2 of these very thin structures, the absorptance is increased as @ is increased; it reached its
maximum at @ equal to about75° . They behave like a dielectric and this maximum is situated to around the Brewster angle
[38, 39], for the wavelength 4 =632.8 nm , where the reflectance is zero.

The influence of the filling factor ¢ on the absorptance for the first structure A-1 is clearly observed for the thickness
h=0.51. Figure, 3b, shows that this influence is not discerible for the angles of incidence smaller than 15° and for
6 equal to about60°. The absorptance increases versus the filling factor for @ ranging between 15°and60°, but it
decreases when ¢ is increased for @ greater than 60° . This behavior of the absorptance versus the filling factor is shown in
figure 3b' for the structure A-2 with the same thickness h equal to 0.5 ; but in this case the dependence of ,(&)on the
angle of incidence is not the same as that in the case A-1. In fact,(8)is the most influenced by ¢ for @ smaller than15°

whereas «,(8)is not affected by ¢ in this range of 6 in the first case.

The filling factor continuous to affect the absorptance of both structures A-1 and A-2 of thicknessh equal to the
wavelength. This influence of p on «,(0)is depicted in figures 3c and 3¢'. For an angle of incidence close to the normal

direction #=0° the absorptance is weakly affected by ¢ for both model structures. However, the effect of p on,(0)

becomes more important when @ is near 45°; the absorptance is increasing when ¢ is increased. This effect is inversed
when @ is greater than 60° for the case A-1, and for & greater than 67.5° in the case A-2.

It is important to point out the existence of an angle of incidence for which there is no influence of the filling factor ¢ on the
absorptance transverse magnetic case. This angle is equal to about60° for Si-gratings (A-1) with thicknessh=0.54, but
for Si-gratings filled by SiO, (A-2) with the same height this angle is shifted to 65° . This remarkable angle remains equal

to about60° for Si-gratings (A-1) with thickness h = A (Fig. 3c), but again it is shifted to 67.5° for the cases A-2 (Fig. 3¢’).
Let’s note that this fact also appears for a very thin structure A-2 with thickness h =0.14 (Fig. 3a"), for which this angle is
equal to 60° .

4. EFFECT OF THE PERIOD ON THE ABSORPTANCE
4.1. Effect of the period on the s-polarized absorptance at@ =1° and @ = 60°

Let us consider structures A-1 and A-2 with the same filling factor  =0.5 and thickness h equal t0,0.141,0.51 and 4
respectively. We study the influence of the period d on the absorptance of these structures. The absorptance & (d/1) of
the structures, of the same thickness h, is numerically implemented as a function of the period over the wavelength d/A4 .
Curves ofa(d/A)are depicted in figures 4 in semi-logarithmic coordinates system for the angles of incidence
0 =1°and @ = 60° . The wavelength is again A =632.8 nm .

Figure 4a shows that the absorptance atd =1° decreases when the period d of the grating is increased, and tends
asymptotically toward 0.63 . So that any structure A-1 of period d greater than about 41 has the same absorptance as the
flat surface of Si in this direction. This behavior of the absorptance of these gratings, with thickness h =0.11, versus the
periodd , occurs at the angle of incidence 8 =60° (Fig. 4a). The location of the horizontal asymptote has, obviously,
changed, it is now defined by 0.4 which is the absorptance of the plane surface of Si at & =60° .

Figure 4a’ shows the absorptance in the case A-2. The behavior of the absorptance versusd/4 is similar to that already
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described for the structures A-1. The horizontal asymptote is, now, located at0.7 for @ =1°and at0.47 for@ =60°. The
absorptance of these structures A-2 is no longer influenced by the period when d is greater than24 . In addition, for d
greater than 4, the absorptance of these structures is greater than that of the related Si-gratings. Therefore, the
absorptance is increased when the trenches of Si-gratings are filled with SiO5.

For the gratins A-1, with thickness h=0.54, figure 4b shows that the s-polarized absorptance at & =1° presents several
peaks which are located between d =0.44 and d =24 . The most remarkable peak is situated at the period d =0.924
and its magnitude is equal to 0.95. In addition, the absorptance at@=1°becomes constant when d is increased
fromd =42 so that there is no effect of the period on the absorptance in this range of d (d >41). For the angle of
incidence 9 =60°, the absorptance is similar to that for @ =1°(Fig. 4b); but, here there is no significantly peak of
absorptance, and a!(d/A4) is influenced by the period until d equal to 151 instead of 44 in the case of 9 =1°.

For structures A-2, the s-polarized absorptance «)(d/4) (Fig. 4b'), is similar to that of the related Si-gratings. First, only

one of the peaks of the absorptance is significantly important, it is situated at the periodd =0.761, and its magnitude is
equal t00.94 (Fig. 4b"). Second, for a given period d greater than24, the absorptance of the structures A-2 with
thicknessh=0.51, at 8 =1°, is greater than that of the related Si-gratings. This effect of filling the trenches of Si-gratings
by SiO; is already outlined for very thin structures (h =0.14) but, here, it is more accentuated. At the angle of incidence
6 =60°the absorptance, of the structures A-2 (Fig. 4b’), is similar to that of the related Si-gratings.
Figures 4c and 4c’ show the absorptance, «!(d/2), of the structures A-1 and A-2 of the thickness h =11 at the angles of
incidence @ =1°and @ =60°. Analogous behavior of the absorptance versus the period d as in the casesh=0.541 is
observed.

4.2. Effect of the period on p-polarized absorptance at@ = 1° and 8 = 60°

In this subsection we study the influence of the period d on the p-polarized absorptance for the two structures at
f=1°and 6 =60°. These two models are with the same filling factorp=0.5. The absorptance is numerically

implemented as a function of the period per wavelength « - (d/1) . The curves of «!(d/1) are depicted in figures 5.

For the normal incidence, the p-polarized absorptance of the structure A-1 with thickness h = 0.11 presents an asymptote
for d greater than3.124 (Fig. 5a). However, an important variation of «/(d/A)with the period appeared for d smaller
than 1. So, two maxima of the absorptance are observed atd =0.251and d=0.971. A same behavior of the
absorptance is outlined at the angle of incidence #=60°. In this case the maximum of the absorptance is located
atd =0.531, its magnitude is equal to 0.98. Let's note that the p-polarized absorptance at normal incidence (6 =1°) is
greater than that at & =60°, for d belonging the intervals [0.1/1,0.28/1] and [0.851,0.98]. This behavior is also observed
for the second structure but with an increase of the absorptance for the two angles of incidence and all period d (Fig. 5a°).

At the angle of incidence 8 =1°, the absorptance versus the period d oscillates between maxima and minima several
times, for each case of model structures A-1 or A-2 having the same thickness h=0.54 (Fig. 5b,b"). So that, atg =1°,
three remarkable maxima of the absorptance are observed, both for the Si-gratings and for the related structures A-2. In
each model structures case, these maxima are situated at periods d smaller than the wavelength, and their magnitudes
are greater than 0.9 . Particularly, for the structure A-2 with the period d equal to 0.524 the absorptance reaches the unity,
at @ =1°(Fig. 5b"). For this angle of incidence, we note that the asymptotic behavior is established for both structures from
d equal to about6 1.

At the angle of incidence 6 =60°the p-polarized absorptance of the Si-gratings oscillates versus the period d, until d equal
to 84 (Fig. 5b). Two peaks, of magnitude equal to the unity, are detected atd =0.2741 andd =0.421. We note that no
such a peak appears at @ =1°for these gratings with thicknessh =0.54. In addition, at this angle of incidence 8 =1°the
asymptotic behavior is more quickly reached than in the actually case (€ =60°). Therefore, the existence of the maxima
and minima of the absorptance of the Si-gratings persist beyond the periodd =2.43 1. This effect of the period d on the
absorptance is no longer valid when the trenches of the Si-gratings are filled with SiO,. In fact, figure 5b’ shows that, for
both angles of incidence 8 =1°and 6 =60°, there is no influence of the period d on the absorptance when d is greater
than 6.4 . The oscillation already described, in the case A-1 of Si-gratings at 8 =60°, is now drastically attenuated for the
related structures in case A-2 (Fig. 5b'). Here again, two structures are perfect absorber, they correspond to the
periodsd =0.261and d =0.324 (Fig. 5b’). Let’s recall that only one analogous structure A-2 has been observed atg =1°.
For the thicknessh =1, the absorptance has the same behavior i.e. it has a sinusoidal variation versus the
ratiod/A belonging the intervals [0.1&,6&] (fig. 5¢). The most important difference between those curves and that shown

below (h=0.51) is the increase of the number of peaks and the p-polarized absorptance is equal to the unity
ford =0.221at@ =1°and & =60°. Therefore, this Si-grating is a perfect absorber at these two angles of incidence. In
addition, at@ =60°, two other analogous gratings to the latter can be designed for d =0.294andd =0.364. For the
structures in case A-2 with the same thickness, h = 1, and for both angles of incidence,the effect of the period d on the
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Fig 4. Effect of the period d of structures A-1 and A-2 on the absorptance in the transverse electric polarization
case.
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incidence @ =1°and @ =60° in transverse magnetic polarization case.
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absorptance (Fig.5c') is comparable to that already developed for the similar structures with h=0.54 (Fig. 5b’). For this
structure one clearly detect that the absorptance at & = 60° is larger than that determined for & =1°for all period d.

5. CONCLUSION

In this paper the absorptance of two model structures are derived using a Rigorous Coupled Wave Analysis
(RCWA). Rectangular grating of silicon (A-1) and an array of SiO»-filled trenches formed in Si substrate (A-2) are
considered. They are characterized by the period d, the thickness h and the filling factor ¢ . A better comprehension of the

radiative behavior of these patterned wafers constitutes our principal goal. This is justified by the wide interest of these
model structures because of their various areas of application and their theoretical physics aspects [40-41]. From
numerical results presented in this work the following important conclusions can be drawn.

For the Si-rectangular gratings, A-1, with periodd = 2mand thicknessh =0.11, the absorptance versus the angle of
incidence is not influenced by the filling factor ¢ both in TE and TM-polarization cases. However, when the trenches of
these very thin gratings are filled with SiO, the effect of ¢ is clearly manifested. The absorptance of the structures A-2 is
increased with ¢ in TE-polarization case. But in the TM-polarization case the increase of &, (9) with ¢ is limited to & <60°;
and (@) decreases when ¢ is increased for 8 greater than 60° . So that, we outline the remarkable intersect point of the
curves of TM-polarization absorptance versus 6,a.(8), for allg. This point is located at@ =60°. This implies that
structures A-2 characterized by the same periodd =2xm and thickness h=0.11 , but with different filling factor ¢ , have the
same absorptance equal to 0.87 at & = 60° . Analogous influence of ¢ on the p-polarization absorptance for both structures
A-1 and A-2 is also shown when the thickness h is increased to 0.54 and to 4 ; the intersection point of the curves &/ (8) is
however shifted towards higher values. Therefore, structures A-2 with different filling factor will again be expected to
exhibit a same radiative behavior at specific angle of incidence.

The influence of the period d on the absorptance of structures A-1 and A-2 characterized by the same filling factor ¢ =0.5 ,

leads essentially to identify perfect (or nearly perfect) absorber structures of the incident plane wave of wavelength
A1=6328nm. In the s- polarization case at 6 =1°, rectangular Si-gratings, A-1, with thicknessh=0.54 and period

d=0.9221 (orh=Aandd = 1) are two examples of these perfect absorbers. Other examples can easily be drawn from
figure 4. This is equally true in the TM polarization case (Fig. 5);
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