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A theoretical model of reflection of macroporous silicon and arrays of silicon nanowires on a monocrys-
talline substrate is presented. Macroporous silicon and silicon structured by nanowires are considered as a
two-layer structure of silicon with an effective medium. The analytical model of the reflection from a two-
layer silicon structure with an effective medium takes into account the absorption of light by the structure
and the multiple reflections of light from the surfaces of the sample and the interface between the effective
medium and the monocrystalline substrate. The reflection coefficient from a structured surface, which is
the boundary between two media, contains the complex index of refraction of silicon. The effective index of
refraction of the effective medium is found from the expression for mixing two media. The reflection of light
falling on flat surfaces at different angles is calculated according to Fresnel's formulas. The frontal struc-
tured surface and the second structured surface were considered as Lambert surfaces. Total internal re-
flection from a flat surface between silicon and air is given by Snelius' law, and from structured surfaces
between silicon and the effective medium and between the effective medium and air is accounted for by co-
efficients. The reflection spectra from macroporous silicon and arrays of silicon nanowires on a monocrys-
talline substrate are calculated according to analytically derived formulas. It is shown that the magnitude
of reflection spectra from macroporous silicon and arrays of silicon nanowires on a monocrystalline sub-
strate decreases when the volume fraction of pores increases. The reflectance begins to increase again
when the pore volume fraction is high. Reflection from the surface between the effective medium and air is
observed at a high volume fraction of pores.
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1. INTRODUCTION

Two-dimensional structures of macroporous silicon
absorb light better than silicon single crystal due to the
pores. The optical properties of the quasi-periodic
structure of macroporous silicon have been studied.
The structure of macroporous silicon consisted of peri-
odically arranged grooves with macropores. The com-
bined structure has polarization selectivity and is the
basis of a thermal photodetector [1]. The IR absorption
spectra were studied in a two-dimensional structure of
macroporous silicon with a microporous silicon layer on
the surface of the pores. The IR absorption spectra of
light in 2D structures of macroporous silicon with a
surface nanocoating contain oscillations [2]. Oscilla-
tions in the IR region of the spectrum are observed in
macroporous silicon with a SiO:z layer deposited on the
sample surface. The oscillations are explained by the
electro-optical Wannier-Stark effect [3]. The optical
properties of the anti-reflection coating of n and p-type
macroporous silicon obtained by electrochemical etch-
ing show a reflectance below 1 % in the visible region of
the electromagnetic spectrum. The porosity and thick-
ness of the macroporous layer are specified by the etch-
ing conditions [4]. The etching conditions of
macroporous silicon change its surface structure and
optical properties. Extended alkaline etching of
macroporous silicon improves light capture by the sur-
face of arrays of sharp nanospikes [5]. The duration of
the etching optimizes the structured surface for maxi-
mum absorption of incident light. A passivating layer
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of TiO2 with a thickness of 40 nm effectively protects
the macroporous layer from external action and surface
degradation [6]. Black silicon based on porous silicon
on a monocrystalline silicon substrate is considered as
a two-layer medium with an effective medium. The
optical properties of black silicon are calculated within
the effective medium approximation. Black silicon
based on porous silicon has a low reflectivity in the
visible range, so it is used in solar cells [7]. The energy
efficiency of solar panels is carried out using a control
and monitoring system. The combined data is obtained
as a result of the operation of the system. They are
used to optimize the area of solar cells and predict the
amount of energy produced by a solar cell [8]. Experi-
ment and simulation proved the efficiency of the devel-
oped system of LED modules and solar panels [9]. The
distribution of excess charge carriers in bilateral
macroporous silicon is calculated by a numerical meth-
od from the system of equations. The pore depth of one
macroporous layer was equal to 100 um, and the other
varied from zero to to 400 um. The similarity of the
distribution of charge carriers in macroporous silicon
with one and two macropore layers is shown. The re-
combination of excess charge carriers in each porous
layer and their diffusion into recombination centers
determine the distribution of charge carriers in the
sample [10]. The photoconductivity of bilateral
macroporous silicon and macroporous silicon with
through pores was calculated within the diffusion mod-
el. The bulk lifetime of minority charge carriers and
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the pore depth of each macroporous layer determine
the photoconductivity of bilateral macroporous silicon.
The photoconductivity of macroporous silicon with
through pores is determined by the surface recombina-
tion velocity on the surface of pores of macroporous
layers [11]. Macroporous silicon with a pore depth of
9 um is passivated by AlOx and thus provides a carrier
lifetime of 2 ms, which corresponds to a surface recom-
bination velocity of 0.08 m/s. This structure of
macroporous silicon has a reflection coefficient of 1.5 %
[12]. The formula for determining the photoconductivi-
ty relaxation time in macroporous silicon was derived
analytically. The photoconductivity relaxation time
depends on the geometric parameters of the
macroporous layer (pore diameter, distance between
pore centers, layer thickness), the surface recombina-
tion velocity, and bulk minority-carrier lifetime [13].
The kinetics of distribution of the excess minority car-
rier concentration in bilateral macroporous silicon with
a pore depth of 100 um and 200 pum was calculated by
the finite difference method. A high concentration of
charge carriers is observed in the frontal porous layer;
it quickly decreases due to the rapid recombination of
charge carriers on the pore surface [14]. The photocon-
ductivity kinetics of bilateral macroporous silicon was
calculated by the finite difference method. The non-
exponential part of photoconductivity decay increases
as the pore depth increases. On a semilogarithmic
scale, the exponential decay of photoconductivity
changes its incline when the pore depth is more than
250 um [15]. Light reflection by macroporous silicon is
used to calculate the distribution of charge carriers,
photoconductivity and their kinetics. The purpose of
this work is to calculate and study the absorption coef-
ficient of macroporous silicon with macropores or nan-
owires in the effective medium approximation. The
work will be useful for developers of solar cells and
antireflection coatings.

2. REFLECTION COEFFICIENT OF
MACROPOROUS SILICON, NANOWIRES,
AND A TWO-LAYER STRUCTURE OF SILI-
CON WITH AN EFFECTIVE MEDIUM

Fig. 1 shows the structure of macroporous silicon,
which consists of a layer of macroporous silicon with a
thickness h1 and a monocrystalline substrate with a
thickness hs. A structure with silicon pillars or nan-
owires will have a similar cross section. Silicon mono-
crystal structured with macropores, nanowires, and
pyramids is called black silicon, if it strongly absorbs
light, that is, it becomes black. Let us consider a layer
of macroporous silicon as an effective medium. The
layer of macroporous silicon is an effective medium in
cases where the wavelength of light is several times
greater than the size of the pores and the distance be-
tween them. In the general case, we have a two-layer
silicon structure with an effective medium. The surface
on which the light falls is called the frontal surface.
The frontal surface is a structured surface and is both
the surface of the sample and the surface of the
macroporous layer. The sample has a second structured
surface. The surface of the sample opposite to the
frontal surface of the sample will be called the rear
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surface. The rear surface is a flat surface. Thus, a sam-
ple of macroporous silicon has a structured frontal sur-
face, a second structured surface, and a flat rear sur-
face. The structured frontal surface and the second
structured surface reflect, transmit and scatter light.

] =
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Fig. 1 - Scheme of porous silicon with macropores or nanowires

Consider reflection from a monocrystalline sub-
strate. The monocrystalline substrate has a second
structured surface that scatters light and a flat rear
surface. Let light fall on the second structured surface.
The side surfaces of the monocrystalline substrate are
flat and perpendicular to the second structured and
rear surface. The light that enters on the monocrystal-
line substrate through the structured surface will be
scattered. Consider this structured surface as a Lam-
bert surface. Let an element of the second structured
surface emit light with intensity Io in the direction of
the perpendicular, then the light intensity I = Iocos (£
is observed on the sphere area element located at an
angle from the normal. The light intensity observed on
the area element of the flat rear surface is
I = Iocos(P)sin(p) = losin(29)/2. Let us single out the an-
gles: the critical angle of total internal reflection from
the side surface, equal to 772 — arcsin(1/ns;), the critical
angle of total internal reflection from the flat rear sur-
face, equal to arcsin(1/msi), and the angle separating
the side and flat rear surface equal to arctan(y/hz) (see
Fig. 1). Here nsi is the refractive index of the silicon
single crystal. The angle f1 is equal to the critical angle
of total internal reflection if it is less than the angle
separating the side and rear surfaces. Otherwise, the
angle f1 is equal to the angle separating the side and
rear surfaces:

. 1 . . 1
arcsm(}, if arcsin [j < arctan{yj
Ng; ng; hs,

B(y) = (2.1)

arctan [y], in other cases
2

The angle B is equal to the angle separating the
side and rear surfaces or the critical angle of total in-
ternal reflection from the side surface, if it is less than
the critical angle of total internal reflection from the
side surface. Otherwise, the angle £ is equal to the
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critical angle of total internal reflection from the side

surface:
arctan (yJ , if arctan [y] <Z _arcsin [1j
he hy) 2 nsi) (2.2)

4 . 1
— —arcsin| —
2 ng;

Bo(y) =

], in other cases

Angles 3, fi are similar to angles fi, S, only for the
other side:

arcsin (IJ , if arcsin (IJ < arctan [ b- yJ
Rg; Ng; hy ,(2.9)

arctan ( b-
p)

b-y , if arctan b-y <£—arcsin 1
h, hy 2 ng

V4 . 1
— —arcsin| —
2 ng;

Bs(y) =

yJ, in other cases

arctan {

Bi(y) = zJ(24)

J, in other cases

To find the reflection coefficient from a monocrystal-
line substrate, we need to find a normalized intensity
distribution of the reflected light on a flat rear surface.
For convenience, we normalize the intensity distribu-
tion of light on the rear surface to the intensity of light
incident on a monocrystalline substrate. Let the light
pass from the structured frontal surface to the opposite
flat rear surface. Let us take into account that part of
the light was reflected from the flat side surfaces and
the flat rear surface. The normalized intensity distribu-
tion of light transmitted through a monocrystalline
substrate and reflected from the opposite surface is
written as:

1

I h 1 AL)
sl 2’”‘2[ i =

B3(y)
+ [ R(B)sin(2p)exp

0 (/3)
+ﬁ2js )s1n(2ﬂ)exp( hy —2)dp+
() 0s(f3)
£4()
+ﬂ3{y) sin(2/) exp (ﬂ)
+ T RO sin@)exp- - yap s
£2) 0s(f3)

72
R kr(pB)
+/)’4J(y> W (ﬂ)

] (2.5)

where R(f) is the reflection coefficient from a flat sur-
face, calculated using the Fresnel formula. If we have a
flat surface, then: Isrs(hz,y) = R(0)exp(— 2ahs). Let us
explain expression (2.5). The first two terms in expres-
sion (2.5) show the intensity of the reflected light inci-
dent on a flat rear surface at angles less than the criti-
cal angle of total internal reflection. These two inte-
grals contain the silicon-air plane reflection coefficient,

JJ. NANO- ELECTRON. PHYS. 15, 03026 (2023)

which depends on the angle of incidence, so it is under
the integral. The next two terms show the intensity of
the reflected light, which was incident from the second
structured surface onto the flat rear surface at angles
greater than the critical angle of total internal reflec-
tion, but less than the critical angle of total internal
reflection counted from the flat side surface. A reflected
light incident at angles greater than the critical angle
of total internal reflection is reflected completely from a
flat surface. The next two terms show the intensity of
the reflected light, which was incident from the second
structured surface onto the flat rear surface at angles
greater than the critical angle of total internal reflec-
tion, but less than the critical angle of total internal
reflection counted from the flat side surface. A reflected
light incident at angles greater than the critical angle
of total internal reflection is reflected completely from a
flat surface. The last two terms take into account the
reflection of light from the side surface. Light is reflect-
ed from a flat side surface partly due to the fact that it
falls on the side flat surface at angles less than the
critical angle of total internal reflection. At that, if light
is partially reflected from the side surfaces, then it is
completely reflected from the flat rear surface and vice
versa. This is because the sum of the angles at which
light falls on a flat side surface and a flat rear surface
is 90 degrees (see Fig. 1). If one of the angles of inci-
dence of light on a flat surface, such as a side surface,
is less than the critical angle of total internal reflec-
tion, the other angle of incidence of light on a flat rear
surface will necessarily be greater than the critical an-
gle of total internal reflection. The angles of incidence
of light are counted from the perpendiculars of their
surfaces. The angles of incidence on the flat side sur-
faces and the flat rear surface of the monocrystalline
substrate are consistent with the angles of light wave
exit from the second structured surface by conditions
(2.1) - (2.4).

The reflection coefficient of light from a monocrys-
talline substrate is the sum of the reflection coefficient
from the structured surface and the sum of the coeffi-
cients that are formed due to the reflection inside the
monocrystallinel substrate. The coefficient of reflection
of light from the second structured surface will be the
zero term of the coefficient of reflection of light from a
monocrystalline substrate. Light passes through the
second structured surface, is absorbed by the mono-
crystalline substrate, is reflected from the rear surface,
absorbed again and exits through the second struc-
tured surface. The sum from zero to the first term of
the distribution of the reflection coefficient from a
monocrystalline substrate with a structured surface
will be written as:

m1(y) 2* +(1- Rs2*)(1 32)ISR3(2h27y) , (2.6)

where Rs2+, Rs2 are the reflection coefficients from the
second structured surface, when light propagates in the
directions macroporous silicon — silicon and silicon —
macroporous silicon, respectively. The reflection coeffi-
cient from a flat rear surface is determined by the
Fresnel formulas. It depends on the angle of incidence
of light; therefore it is under the integral in the normal-
ized distribution of the intensity of the reflected wave
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(2.5). Expression (2.6) contains the value 2h2. This
means that light passes to the flat rear surface, is re-
flected from it according to the Fresnel law, is reflected
from the side surface and returns to the second struc-
tured surface. We will write it as:

ah,
R
cos(prexn| e Rpyess| 2 |-
—2ath,
=cos(SB)R(p) eXp[cos(ﬂ)J . 2.7

Light is reflected from the second structured surface, so
the intensity of light should be multiplied by the reflec-
tion coefficient from the second structured surface and
by the average value of the normalized intensity distri-
bution of the reflected wave from 2h2. The absorption-
reflection-absorption cycle will repeat again, so you
need to additionally multiply by the value of the nor-
malized intensity distribution of the reflected wave
from 2h2. The sum from zero to the second term in the
distribution of the reflection coefficient from a mono-
crystalline substrate with a structured surface will be
written as:

R,3(y) = Ry +(1- Ry )(1 - R5) %

xIgps(2hy, y)(A + Ryl gps (2hy)) (2.8)
where we marked:
— 1 b
Isps(2h,y) = EIISR3(2h2’y)dy . (2.9
0

We denoted the length of the sample b (see Fig. 1).
Let us analyze expression (2.8). Expression (2.8) differs
from expression (2.6) only by the fourth factor of the
second term. The first and second factors of the second
term are the transmission coefficients through the sec-
ond structured surface when light propagates in the
directions of macroporous silicon — silicon and silicon —
macroporous silicon. Here, the transmission coeffi-
cients are expressed in terms of the reflection coeffi-
cients. The third factor of the second term is the nor-
malized intensity distribution of the reflected wave
(2.5), written for double the thickness of the monocrys-
talline substrate. The fourth factor of the second term
of expression (2.8) contains the sum of one and the
product of the normalized average intensity of light on
the second structured surface and the reflection coeffi-
cient of this surface when light propagates in the direc-
tion of silicon - macroporous silicon. The sum from zero
to the third term in the distribution of the reflection
coefficient from a monocrystalline substrate with a
structured surface will be written as:

Ry + (1= Ry )1 = Rp) I s (2hy, y) %

R, ()=

x(L+ Ry Ty (2hy) +(RoIgps(2h,))%) . (2.10)
Using expressions (2.6), (2.8) and (2.10), we write down
the distribution of the reflection coefficient from a
monocrystalline substrate with a structured surface:
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R, (y)=R,.+(1-R,)1-R,)x

I g (2h, ) é (R, Tsps(2R)™) . 2.11)

The infinite sum in the expression (2.11) is equal to the
expression that will be written as:

(1= R,.)(1— Ry) g5 (2N, )
1- R I, (2h)

R, (y)=R.+ . (2.12)

Integrating expression (2.12), we find the reflection
coefficient from a monocrystalline substrate with a
structured surface, which is written as:

(1-R,.)(1 - R )T pq(2h)
1-R,Ip(2h)

1 b
R, ZEIRgs(Y)dy: (
0

2.13)

Consider a layer of macroporous silicon. It has two
scattering surfaces, so let's introduce the effective scat-
tering angle. Thinking similarly to expressions (2.6) —
(2.13), where the reflection coefficient from the mono-
crystalline substrate is determined, we write the reflec-
tion coefficient from the layer of macroporous silicon:

2ah, )
cos(0,y)
2ah ) ’

cos(6,;)

1-R,.)1-R, )R, Z*exp(

Rp=R,.+
1-R, Rz*exp(

(2.14)

where 0. is the effective scattering angle of the frontal
structured surface in the macroporous layer (see
Fig. 1). The optical path travelled by light in a material
increases if the effective scattering angle increases.
Expression (2.14) contains the reflection coefficient
from the second structured surface, when light propa-
gates in the direction of macroporous silicon — silicon.
Let us add to it the reflection coefficient from the
monocrystalline substrate and obtain from expressions
(2.13) and (2.14) an expression for finding the reflection
coefficient from the structure of macroporous silicon:

—2ah
) (- Ry )= Ry exp( (9”))

RBS =R .+
1-R,R.,. exp(%)

X[R'm +

3. RESULTS AND DISCUSSION

(1= Ry )L~ By Igps(2h,)
1- R Igpy(2h,)

] . (2.15)

Consider macroporous silicon. Light falls on
macropores. We consider the macroporous silicon layer
as an effective medium. The macroporous layer scatters
light on the structured frontal surface both in the air-
macroporous silicon (effective medium) direction and in
the macroporous silicon-air direction. The second struc-
tured surface scatters light both in the macroporous
silicon-silicon direction and in the silicon-macroporous
silicon direction. The side surface of the macroporous
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silicon layer scatters light. The side surface of the
monocrystalline substrate reflects according to the
Fresnel law. The complex effective refractive index of
the effective medium (macroporous silicon layer) is
found from the expression:

Mgy = 1-P)ng.+P, (2.16)
where P is the volume fraction of pores, nsic = nsi+ iks; is
the complex refractive index of silicon, and % is the ex-
tinction coefficient of silicon. The angle of total internal
reflection from a flat rear surface when light propagates
in the direction of silicon — air is calculated using the
Snell's law. Part of the light reflected from the struc-
tured surface will be reflected at the angle of total inter-
nal reflection. The angle of total internal reflection exists
for structured frontal and side surfaces, when light
propagates in the direction of macroporous silicon - air,
and for the second structured surface, when light propa-
gates in the direction of silicon - macroporous silicon. We
write the reflection coefficient from the structured
frontal surface as:

2
Nps —1
R,.=R,-R, =Rel-Z

S

My + 1

_|@-P)(ng ~DA+ P+ ng1-P) + kg0~ PY[*
(1+ P +ng(1— P))? + (kg;(1— P))?

,(2.17)

where Ra is the coefficient associated with total internal
reflection from the structured frontal surface. The reflec-
tion coefficient from the second structured surface is
written as:

2

Poppr = Mg
R,. =R, -R,, =Re|-#"_—5"

S

neff* + nSi*
_ [P ~D)(P + ngi (2~ P) + kg (2- P)) i
(P +ng(2-P)) +(kg(2—-P))?

, (2.17)

where Rez is the coefficient associated with total internal
reflection from the second structured surface. We used
the Snell's law for direct incidence because the reflection
coefficient from a structured surface will be weakly de-
pendent on the angle of incidence. It is also necessary to
take into account the difference in reflectance associated
with total internal reflection from a structured surface.
Fig.2 shows the reflection spectrum from
macroporous silicon 500 pm thick with a pore depth of
100 um at different pore volume fractions. Curve one
shows the reflection spectrum from a silicon single crys-
tal. The reflection spectrum of silicon single crystal con-
tains reflection from the frontal surface (air — a silicon
single crystal), if the wavelength of light is from 0.3 ym
to 1 um (see Fig. 2, curve 1). This is observed due to the
strong absorption of light with a wavelength less than
1 um. Reflection from the frontal and rear surfaces of a
silicon single crystal is observed for light lengths from
1 um to 1.3 um (see Fig. 2, curve 1). The reflection spec-
trum from macroporous silicon, with a pore depth of
100 um and a pore volume fraction of 0.25, decreases

JJ. NANO- ELECTRON. PHYS. 15, 03026 (2023)

with respect to the reflection spectrum from a silicon
single crystal. (Fig. 2 curves 1 and 2). Two structured
surfaces appeared when pores appeared. The frontal
surface becomes structured and another structured sur-
face appears, separating the macroporous layer and the
monocrystalline substrate. These structured surfaces
reflect, transmit and scatter light. We consider cases
where a layer of macroporous silicon is an effective light-
scattering medium. The effective medium has an effec-
tive refractive index that is less than the refractive index
of silicon.

0.6
1
g 04 2
g
<
2
= 3
[}
e
0.2+
4
00 T T T T
0.3 0.5 0.7 0.9 1.1 1.3

Wavelength, um

Fig. 2 — The reflection spectrum from macroporous silicon or
arrays of silicon nanowires on a monocrystalline substrate
with the volume fraction of pores: 1-0; 2-0.25; 3-0.5; 4-0.75.
The pore depth is 100 pm

A decrease in the refractive index of a material leads to
a decrease in reflection from its surface. With the ap-
pearance of pores, reflection from one flat surface in a
single crystal was replaced by reflection from a layer of
macroporous silicon, which is an effective medium with
two structured surfaces. With an increase in the vol-
ume fraction of pores, the reflection from the struc-
tured frontal surface decreases, and from the second
structured surface it increases (see Fig. 2). This is due
to the fact that with an increase in the volume fraction
of pores, the effective refractive index decreases. It var-
ies from the effective refractive index of silicon to the
refractive index of air. We observe reflection from the
second structured surface when the volume fraction of
pores is 0.75. That is, for light with wavelengths from
0.85 um to 1 um, the reflection from the structured
front surface became less than the reflection from the
second structured surface. Reflection from three sur-
faces is observed for light with wavelengths from 1 um
to 1.3 um (see Fig. 2). Reflection from macroporous sili-
con (from three surfaces) is the same when the volume
fraction of pores is 0.5 (Fig. 2, curve 3) and 0.75 (Fig. 2,
curve 4). This is due to the increase in reflection from
the second structured surface.

Fig. 3 shows the reflection spectrum from
macroporous silicon 500 um thick with a pore depth of
100 um at a volume fraction of pores from 0.9 to 1.
Curve one shows the reflection spectrum from a silicon
single crystal. Curve 5 Fig. 3 shows that the reflection
of light with wavelengths between 0.3 um and 0.75 um
from macroporous silicon (reflection from the frontal
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structured surface) is 0.02, which is very low. The re-
flection of light with wavelengths between 0.75 um and
1um from macroporous silicon (reflection from the
frontal and second structured surfaces) increases with
increasing wavelength and is significant. Fig. 3 shows
that the reflection of light with wavelengths from 0.4 pym
to 1 um sharply increases with an increase in the volume
fraction of pores from 0.9 to 1 (see curves 1 — 5).

0.6

0.5+

0.4

0.3+

Reflectance

0.2+

0.1+

0.3 0.5 0.7 0.9 1.1 1.3
Wavelength, pm

Fig. 3 — Reflection spectrum from macroporous silicon or ar-
rays of silicon nanowires on a monocrystalline substrate with
the volume fraction of pores: 1-0; 2-0.999; 3-0.99; 4-0.97;
5-0.9. The pore depth is 100 pm

0.6
11
3 0.4
g
3
=
Q
o
0.2
4
00 T T T T T
0.4 0.6 0.8 1.0 1.2

Wavelength, pm

Fig. 4 — Reflection spectrum from macroporous silicon or ar-
rays of silicon nanowires on a monocrystalline substrate with
pore depth or nanowire length, pm: 1-0; 2-1; 3—-10; 4-400. The
volume fraction of pores is 0.8

An interesting fact is that the reflection of light with
wavelengths from 0.4 pm to 1 pm decreases sharply at a
wavelength of about 0.4 um and is almost zero for wave-
lengths from 0.3 pm to 0.4 pm. It is difficult to provide
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such conditions, since it is necessary to have one nan-
owire with a diameter of 0.3 nm on an elementary area
of 300 nm. A pore volume fraction of 0.99 can be real-
ized. One nanowire with a diameter of 3 nm must be
grown on an elementary area with a size of 300 nm. In
addition, Fig.3 shows that the reflection from
macroporous silicon transforms into reflection from a
single crystal at a pore volume fraction of 1.

Fig. 4 shows the reflection spectrum from
macroporous silicon with different pore depths. The
volume fraction of pores is 0.8. The first curve shows
reflection spectrum from a silicon single crystal. The
reflection spectrum of light with wavelengths from
lpum to 1.3 um from macroporous silicon does not
change when the pore depth changes from 1 pum to
10 um (see Fig. 4, curves 2 and 3). Curve 4 shows that
the reflection spectrum from macroporous silicon with
a pore depth of 400 um has shifted relative to the re-
flection spectra from macro-porous silicon with a pore
depth of 1 um and 10 pm. This is due to the fact that
the light reflected from the rear surface passes through
the monocrystalline substrate, which has become thin-
ner, and the more transparent macroporous layer,
which has become thicker. The sample of macroporous
silicon became more transparent. The reflection spec-
trum of light with wavelengths from 0.3 pm to 1 um
from macroporous silicon with a pore volume fraction of
0.8 depends on the pore depth (see Fig. 4). The light
reflected from the second structured surface deter-
mines the reflection spectrum from the macroporous
silicon sample in the range from 0.3 um to 1 pum. It
passes through the thickness of the macroporous layer,
so the thicker the layer of macroporous silicon; the less
light with short wavelengths will pass (see Fig. 4).

4. CONCLUSIONS

With an increase in the volume fraction of pores,
the reflection from the frontal structured surface de-
creases, while the reflection from the second structured
surface increases. Against the background of reflection
from the frontal structured surface and the rear flat
surface, reflection from the second structured surface is
observed when the volume fraction of pores is 0.75.

The reflection of light with wavelengths from
0.4 ym to 1 um sharply increases with an increase in
the volume fraction of pores from 0.9 to 1. When the
volume fraction of pores is greater than 0.95, the reflec-
tion of light from macroporous silicon decreases sharply
at a wavelength of about 0.4 um and is almost zero for
wavelengths from 0.3 um to 0.4 pm.

Macroporous silicon with a pore volume fraction
greater than 0.95 can be a filter that will absorb wave-
lengths from 0.3 pm to 0.4 pm.
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BinOuTra MakpomoOpHrCTOro KPEMHIi0, HAHOAPOTHUH TA JBOLIAPOBOI CTPYKTYPH KPEMHIiI0O
3 e(peKTUBHUM CcepPeaOBUIIEM

B.®. Ouumenxko

Inemumym gizuru Hanignposionukie imeni B.€. Jlawkapvosa HAH Ykpainu,
np. Hayxu, 41, 03028 Kuis, Ykpaina

IIpencraBiieHa TeopeTryHa MOJEsb BIAOUTTS MAaKPOIIOPHCTOTO KPEMHIO Ta MACUBIB KPEMHIEBUX HAHOJI-
POTHH Ha MOHOKPHCTAIIYHIN migrsaani. Makpomopucruil kpeMHIM Ta KpEMHIM CTPYKTYPOBAHUN HAHOIPO-
TaHAMU PO3IVITHYTUM SK JBOIIAPOBA CTPYKTYpPA KPEMHII 3 e(PeKTHBHUM CepefoBUIIEM. AHATITHYHA MO-
JleJib BIAOWTTS B JIBOLIAPOBOI CTPYKTYPU KPEMHIIO 3 €(PEeKTHBHUM CEPEIOBHINEM BPAXOBYE IOTJIMHAHHS
CBITJIa CTPYKTYPOIO Ta OaraTopasoBe BIIOWTTS CBITJIA BiJ IIOBEPXOHB 3pa3Ka Ta MOBEPXHI MI¥ e(EeKTHBHUM
CepeIOBUINEM Ta MOHOKPHUCTAJIIYHOIO MiaKIanKon. KoediieHT BIAOUTTS BiJl CTPYKTYPOBAHOI IIOBEPXHI, SKa
€ MEJKeI0 JIBOX CepPEeJIOBHUIII, MICTUTh KOMILJIEKCHHUH [TOKA3HUK 3aJIOMJIEHHS KpeMHi. EdexrTuBHuil mokasumuk
3aJIOMJIEHHS e(DEKTUBHOIO CEPEeOBUIIA 3HAXOIUTHCA 3 BUPA3y JJIs 3MIIIyBAHHS JBOX CEPeIoBUIL. Binourrs
CBITJIA I1aJAI0Y0r0 HA IJIOCKI IIOBEPXHI IS PISHUMH KyTaMH po3paxoByeTbes 3a Qopmysiamu Dpeness.
OpoHTaIBHA CTPYKTYPOBAHA IIOBEPXHS Ta IPyra CTPYKTYPOBAHA IOBEPXHS BBAIKAJMCS IOBepxXHAMH Jlam-
oepra. IloBHe BHyTpilllHe BIZOUTTA Bif ILJIOCKOI IIOBEPXHI MK KPeMHIieM Ta IIOBITPAM 3HAXOIUTHCS 34 3aKO-
uom CHesiyca, a BiJ CTPYKTYPOBAHUX IIOBEPXOHD MK KpeMHieM Ta e)eKTUBHUM CEePEIOBUINEM Ta Mik ede-
KTHBHUM CEePeJIOBUINEM Ta MOBITPSM BPAXOBYETHCS 34 JOIMOMOroi0 koedimienTis. CuekTpu BIMOUTTS B Ma-
KPOIIOPHICTOTO KPEMHI TA MACHBIB KPEMHIEBUX HAHOAPOTWH HA MOHOKPHCTAJIIYHIN MIIKIAAIN PO3PaXxOBaHL
3a aHAJITUYHO BUBeIeHUMH opMmyaamu. [lokazaHo, 10 BeJIMYMHA CIIEKTPIB BIIOUTTA BiJ MaKPOIIOPHUCTOrO
KPEeMHII0 3MEHIIYEeThCST KOJIM 00 €MHA YacTKa Iop 3pocTae. BimOWTTs 3HOBY IOYMHAE 30LJIBIITYBATHUCH TOI,
KoJIM 00’'€MHAa YacTKa IIOp € BHCOKOI. BinOWTTs Bij HOBEPXHI MIK €(peKTUBHUM CEPEJOBUINEM Ta IIOBITPSIM
IPOABJIAETHCS IIPY BUCOKIN 00 €MHIN 4aCTIIl IOp.

KmiouoBi cmosa: Maxkponopucruit kpemuiit, Yopuuit kpemuiit, Homompormuu, Koediiienr simburrs,
CrexTp BIIOUTTA.
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