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The transmission and absorption spectra of bilateral macroporous silicon and nanowires were calculated.
The transmission and reflection of the interfaces between the monocrystalline substrate and the layers of
macroporous silicon is taken into account. The absorption of bilateral macroporous silicon when one or the
other layer of macroporous silicon is illuminated is considered. The transmission of the lateral interfaces
between bilateral macroporous silicon and air is calculated. The transmission of the lateral interfaces of
bilateral macroporous silicon depends on the reflection coefficients of the interfaces between the monocrys-
talline substrate and the layers of macroporous silicon and the volume fraction of pores. The incidence of
light on the lateral interface between bilateral macroporous silicon and air at different angles and the effect
of total internal reflection are taken into account. The dependence of the transmission and absorption spectra
of bilateral macroporous silicon and nanowires on the reflection and transmission of the interface between
the frontal layer of macroporous silicon and the monocrystalline substrate and the volume fraction of pores
is considered. The increase in absorption and transmittance of bilateral macroporous silicon with an increase
in the volume fraction of pores to a certain value and a decrease in absorption and transmittance due to an
increase in the reflection of the interface between the frontal layer of macroporous silicon and the monocrys-

talline substrate are shown.
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1. INTRODUCTION

Macroporous A layer of macroporous silicon is ob-
tained electrochemically using illumination from the op-
posite side of monocrystalline silicon. The reflection co-
efficient of the surface of macroporous silicon is equal to
1 % and lower in the visible region of the spectrum. By
changing the conditions of electrochemical etching, the
porosity and thickness of the layer is regulated. Low re-
flectivity is observed at different angles of incidence [1].
Macroporous silicon is investigated directly in electro-
chemical cells under simulated solar illumination of AM
1.5. The concept of interpenetrating networks is being
developed. Macroporous silicon is used as a model for so-
lar cells with a surface structured by monocrystalline
silicon wires [2]. The reflection of nanowires and
macroporous silicon is studied and analyzed using the
derived formula. The formula takes into account the re-
flection of the interface between the layer of
macroporous silicon and the monocrystalline substrate,
the angular distribution of scattered light and the com-
plex index of refraction. The reflectance of macroporous
silicon and arrays of single-crystal silicon nanowires in-
creases with a decrease in the volume fraction of pores
[3]. The reflectivity of black silicon solar cells is calcu-
lated using rigorous coupled wave analysis. The calcula-
tion of the angular distribution of light intensity after
passing through the structured frontal surface indicates
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that 70 % of the light is completely reflected due to in-
ternal reflection [4]. The influence of the pore volume
fraction and pore depth on the absorption and transmis-
sion of macroporous silicon and nanowires is calculated.
The absorption of macroporous silicon and nanowires in-
creases due to the decrease in the effective refractive in-
dex of the macroporous silicon layer with an increase in
the volume fraction of pores. Decreasing the thickness of
the monocrystalline substrate and increasing the thick-
ness of macroporous silicon increase the transmission of
macroporous silicon [5]. Light trapping by solar cells
with a surface structured by cylinders, cones, inverted
pyramids, and inverted hemispheres are compared.
Modeling the 20 um-thick solar cell optimizes the sur-
face geometry of each structured surface to improve
light trapping. Modeling of the efficiency of the solar cell
is carried out for light falling at different angles [6]. The
ratio between light trapping by the solar cell and the in-
crease in the surface recombination rate with an in-
crease in the surface area is optimized [7]. Light trap-
ping by a solar cell structured by randomly positioned
real pyramids is compared to a similar structure with a
pyramid base angle of 54.7 ° (ideal pyramids) and Lam-
bertian scatterers. Calculations are performed using ray
tracing simulation. The angular distribution of light in-
tensity is calculated for each reflection from the front
and back surfaces [8]. Macroporous silicon with through
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pores is considered as an effective medium. Its struc-
tured surface diffuses light. The transmittance and ab-
sorption of macroporous silicon with through-pores in-
crease due to the decrease in its reflectance with an in-
crease in the volume fraction of pores [9]. Absorption of
solar cells with textured frontal and rear surfaces with
different cell sizes is calculated using the formalism of
the optical properties of textured optical sheets. Solar
cells with a frontal surface structured by pyramids and
diffraction gratings on the rear surface show absorption
close to the Yablonovich limit [10]. The optimization of a
solar cell with an arbitrary surface texture is simulated.
The surface is structured by a layer of spheres with a
certain distribution of sphere sizes to improve light ab-
sorption in a wide range of wavelengths [11]. The excess
minor carrier concentration and photoconductivity in bi-
lateral macroporous silicon are calculated depending on
the bulk lifetime of minor charge carriers and the pore
depth. The photoconductivity of bilateral macroporous
silicon decreases if the bulk lifetime decreases and the
pore depth increases [12]. The photodiode based on po-
rous silicon has a quantum efficiency of 96 %. The effi-
ciency of light trapping is increased by reducing the re-
flection of the surface of black silicon. Passivation of the
photodiode surface reduces recombination. Charge car-
riers are efficiently collected by negatively charged alu-
minum oxide, which forms an inversion layer [13]. Ki-
netics of photoconductivity of bilateral macroporous sil-
icon was calculated by the finite difference method. The
diffusion equation of excess minor charge carriers, ini-
tial and boundary conditions were used to calculate the
kinetics of photoconductivity [14]. An optical analysis of
a solar cell with periodically located pyramids was car-
ried out. The pyramids are located on the frontal sur-
face. The reflection and absorption coefficient of a solar
cell with periodically arranged pyramids is studied de-
pending on the size of the pyramids. The reflection coef-
ficient from the back side of the solar cell does not de-
pend on the size of the pyramids, if their size is more
than 0.6 pm [15].

2. TRANSMISSION AND ABSORPTION OF BI-
LATERAL POROUS SILICON WITH
MACROPORES OR NANOWIRES

The light transmission of bilateral macroporous sili-
con includes the transmission of the frontal layer of
macroporous silicon, the transmission of the monocrys-
talline substrate and the transmission of the rear layer
of macroporous silicon. The transmission of the mono-
crystalline substrate is considered. The normalized in-
tensity of scattered light at the interface between the
monocrystalline substrate and the rear layer of
macroporous silicon after passing at an angle f from the
interface between the monocrystalline substrate and the
frontal layer of macroporous silicon to this interface will
be written as follows:

I,(h,,, B) = sin(p) cos(f) exp(— cco)ls}?z)] . @21

The normalized distribution of light intensity at the inter-
face, after the propagation of light from one interface to
another (distribution of scattered light intensity), will be
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written as follows:

I(h,,y) = [0 I, pdp+ [ I(h,,, Hd S +
,(2.2)

+2,, BI(h,. )dp+[2,  R(HI(h,,pdp

where f(y) = arctan(y/hn), if arctan(y/hm) < 72 — S., other-
wise S(y) = 2 — [, where f. = arcsin(1/ns;) is the critical
angle of total internal reflection. The average value of the
normalized distribution of light intensity at the interface,
after the propagation of light from one interface to another
(average intensity of scattered light), is written as follows:

b
I,(h )= % [1,h, . y)dy . 2.3)
0

The expression (2.2) is multiplied by the transmission co-
efficient of the interface between the frontal layer of
macroporous silicon and the monocrystalline substrate
and the transmission coefficient of the interface between
the monocrystalline substrate and the rear layer of
macroporous silicon (1 — Rs2#)(1 — Rs3). The reflection coef-
ficient of the interface between the frontal layer of
macroporous silicon and the monocrystalline substrate is
marked Rs2+. The reflection coefficient of the interface be-
tween the monocrystalline substrate and the back layer of
macroporous silicon is marked Rss. The first term of the
distribution of the transmission coefficient of the mono-
crystalline substrate that has interfaces with layers of
macroporous silicon:

T (hy, 3, 7) = A= Ry ) A= BRI, (h,,, y) cos(y) .(2.4)

A Lambertian surface scatters light, so cos(y) is added.
From the expression (2.4), it can be seen that the light par-
tially passed through the interface between the frontal
layer of macroporous silicon and the monocrystalline sub-
strate, which is shown by the expression 1 — Rs2+. The light
passed through the monocrystalline substrate with thick-
ness of Am, which is shown by the distribution of the inten-
sity of scattered light at the interface between the mono-
crystalline substrate and the rear layer of macroporous sil-
icon, expression (2.2). Expression 1 — Rs3 shows that the
light passed through the interface between the monocrys-
talline substrate and the rear layer of macroporous silicon.
Light passes the interface between the monocrystalline
substrate and the rear layer of macroporous silicon a sec-
ond time when it propagates to the interface between the
monocrystalline substrate and the frontal layer of
macroporous silicon, is reflected from it, propagates to the
interface between the monocrystalline substrate and the
rear layer of macroporous silicon, and partially passes
through it. The intensity of light reflected from two inter-
faces of the monocrystalline substrate is equal to the ex-
pression (2.4) multiplied by the product of the reflection
coefficients of the interfaces of the monocrystalline sub-
strate by the average intensity of scattered light, expres-
sion (2.3). The second term of the distribution of the trans-
mission coefficient of monocrystalline substrate that has
interfaces with layers of macroporous silicon:

T, (hy,9,7) = (A= Ry )1 - Rg) x

> : (2.5)
xR, R, I (h, )1, (h,y)cos(y)

02008-2



TRANSMISSION AND ABSORPTION OF BILATERAL POROUS ...

where Rs2 is the reflection coefficient of the interface be-
tween the monocrystalline substrate and the frontal layer
of macroporous silicon. Expressions (2.4) and (2.5) differ by
the product of the reflection coefficients of the interfaces of
the monocrystalline substrate and the square of the aver-
age intensity of the scattered light. The third term of the
transmission coefficient of monocrystalline substrate is ob-
tained by multiplying the second term by the product of
the reflection coefficients of the interfaces of the monocrys-
talline substrate and the square of the average intensity
of the scattered light. Each time, two more reflections from
the interfaces of the monocrystalline substrate are added.
Distribution of the transmission coefficient of monocrys-
talline substrate that has interfaces with layers of
macroporous silicon:

T, (P, 3, 7) = cos(y)(1 - Ry )1 - Ryg) x

- 2.6
xI,(R,,) gl((zqs2 Ry 127h,) (2.6)

The infinite sum in expression (2.6) tends to a fraction. The
distribution of the transmission coefficient of the mono-
crystalline substrate, which has an interface with layers of
macroporous silicon, can be written as:

1-R,.)(1-

R;)
T, (h,.y,7) = 32 T, (h,,, y) cos(y) .(2.7)
PR R y) T (
The transmittance coefficient (average) of the monocrys-
talline substrate that has interfaces with layers of
macroporous silicon is as follows:

1 bm2 1-R,.)0-R
T,=211 Tm(hm,y,J/)Olyaly=MX
boo 1= BBl ()
1 b /2 ,(28)
x5 [T(hy, )y [ cos(r)dy
0 0
or.
p _A-Ro)A-Ry)l,(h,) 2.9)

" 1-R,R 15 (h,)

The transmission of the effective medium of macroporous
layers is similar to the transmission of the monocrystalline
substrate with two Lambert surfaces. The transmission
coefficient through bilateral macroporous silicon will be
written as follows:

= (1 — RSI*)(l — RsZ*)(l - RSS)(l - RS4*) «
(1 - ‘Riss2*I[?1 (hl))(]- - ‘Rs2Rs3I}? (hm ))

o Lot () Iy () Ly (ry)
(1 - RSSRS4*II?2 (hz )))

BMS
,(2.10)

where R is the reflection coefficient of the interface be-
tween air and the frontal layer of macroporous silicon, Rs1+
is the reflection coefficient of the interface between the
frontal layer of macroporous silicon and air, Rss*, Rsa are
the reflection coefficients of the interfaces of the rear layer
of macroporous silicon with the monocrystalline substrate
and air, respectively. Light also partially falls on the side
boundaries of the monocrystalline substrate and air. A
point with coordinate x is selected on the lateral interface
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between the monocrystalline substrate and air. Coordi-
nate y = 0. Light will be completely reflected if it propa-
gates to this point at angles greater than the critical angle
of total internal reflection with respect to the lateral inter-
face between the monocrystalline substrate and air. The
lateral interface between the monocrystalline substrate
and air will partially transmit light incident at angles
smaller than the critical angle of total internal reflection
with respect to the lateral interface. The light reflected by
the lateral interface between the monocrystalline sub-
strate and air will be reflected many times inside the
monocrystalline substrate from its interfaces, so the dis-
tribution of the transmittance of the lateral interface be-
tween the monocrystalline substrate and air consists of
the sum. The first component of the first term of the dis-
tribution of the transmission coefficient of the lateral in-
terface between the monocrystalline substrate and air is
written in the form:

Tmlll("x’"ﬂ) = (1 _RSZ*)(l —R(ﬂ)) X

xsin(f) cos(p) exp(— co‘zxﬂ)j 2.11)

The first component of the first term is called so because
the light at the point with coordinates x, y = 0 comes only
from the interface between the monocrystalline substrate
and the frontal layer of macroporous silicon. The transmis-
sion coefficient of the lateral interface between the mono-
crystalline substrate and air at point x is found by inte-
grating the expression (2.11) at angles smaller than the
critical angle of total internal reflection, calculated from
the perpendicular to the lateral interface. The first compo-
nent of the first term of the distribution of the transmis-
sion coefficient of the lateral interface between the mono-
crystalline substrate and air is written in the form:

Tmlll(x) = (l_RSZ*)IlT*(x) . (2.12)
where
7zl
L= ] A-R(p)sin(p)
e (2.13)

xcos(f) exp [— coos!xﬂ) ] ag

The light propagates to the point x, which is located on the
lateral interface, from the interface between the monocrys-
talline substrate and the frontal layer of macroporous sili-
con at angles from 72 — f. to 7/2. Expression (2.13) is the
normalized intensity of light refracted by the lateral inter-
face between the monocrystalline substrate and air, or
simply the intensity of light refracted by the lateral inter-
face. The second component of the first term of the distri-
bution of the transmission coefficient of the lateral inter-
face between the monocrystalline substrate and air:

T,01(x) =1-Ry.)R 1, (W, )7 (h, —x). (2.14)

The light propagates to the point x, which is located on the
lateral interface, from the interface between the monocrys-
talline substrate and the rear layer of macroporous silicon
at angles from 72 — . to 7/2. The first and second compo-
nents of the second term of the transmission coefficient of
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the lateral interface between the monocrystalline sub-
strate and air are obtained from expressions (2.12) and
(2.14) by multiplying by the product of the reflection coef-
ficients from the interfaces of the monocrystalline sub-
strate with the frontal and rear layers of macroporous sil-
icon and by the average intensity diffused light, expression
(2.3). All other first and second components of the nth term
are obtained from the previous first and second compo-
nents of the n — 1th terms by multiplying them by the
product of the reflection coefficients from the interfaces of
the monocrystalline substrate with the front and back lay-
ers of macroporous silicon and by the average intensity of
scattered light, the expression (2.3). The distribution of the
transmission coefficient of the lateral interface between
the monocrystalline substrate and air is found by adding
the first and second components of the nth term:

T,,(x) = (1= Ryg) (1) + R Ty (B ) Ly (B, = %)) x

. (2.15
) (R Ry (hy,))"™ @1

The infinite sum in expression (2.15) tends to a fraction, so
the distribution of the transmission coefficient of the lat-
eral interface between the monocrystalline substrate and
air is written as follows:

1-R,.

T, ()= —— 2
1-R,R I, (h,)

x(IlT*(x) +RI,(h,)] (R, —x))

(2.16)

From the expressions (2.16) and (2.13), the (average)
transmittance coefficient of the lateral interface between
the monocrystalline substrate and air will be written as:

J P . 2 T (sin(p)cos(B) =
™ b, (1= RyR I (h,)) 25 pe

x(1-R(B)" {I eXp(

X + .(2.17)

(ﬂ)]
a(h,, —x)
+R,I, (R, )IeXp(_os(ﬂ))dedﬂ

Transmission coefficient through the side surface of a
monocrystalline substrate:

hm a(h, —x)
[ ex (—7)dx = j exp(— 7)0336 =
0 os(f) 0 cos(f) (2.18)
_ cos(f) 1—exp(— ah, J

a cos(f3)

From the expression (2.17), the transmission coefficient of
the lateral interface between the monocrystalline sub-
strate and air can be rewritten as follows:

_A-Ry)A+ R L)
™ ah, (1-R,RI*(h,))

X f sm(ﬂ)cos2(ﬁ)(1 R(p)(A - exp[ ah, jdﬁ
7l2-pPec (ﬂ)

(2.19)

or
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L. (h " R_.I,(h
Tml — lT( m)il_R s;g)(;;;h s; ( )) , (2.20)
s27%s37b \''m
where
1 /2 . 9
IZT(hm):ﬁ I sin(f) cos(f)” x
e @.21)

x(1— R(ﬁ))[l exp(

ah,
d
(ﬂ)n /

The transmission coefficients of the lateral interface be-
tween the monocrystalline substrate and air and the lat-
eral interface between the macroporous silicon layer and
air are similar. From expression (2.20), the transmittance
coefficient of the lateral interface between bilateral
macroporous silicon and air is written as follows:

Ly (h)QA = By )1 + Ry 1y (By))
1-R,.R,. I (h,)
N I.(h,)1-R,.)Q+RI,(h, ))
1- RS2R3312(h )
+Isz(h Y1-R)1+R,
1-R.R, I5(h,)

TBMS 1

, (2.22)

Lo3(hy))

where Rs4 is the reflection coefficient of the back layer of
macroporous silicon with air, A1, k2 are the depths of the
macropores of the front and back layers of macroporous
silicon, respectively. The expression (2.21) shows the aver-
age normalized intensity of refracted light at the lateral
interface between the monocrystalline substrate and air,
or the average normalized intensity of light refracted by
the lateral interface. The reflection coefficient of bilateral
macroporous silicon Rpus is found similar to expression
(2.10), using the reflection coefficient from the monocrys-
talline substrate that has an interface with layers of
macroporous silicon, found similar to transmission. The
absorption coefficient of bilateral macroporous silicon will
be written as:

Apys =1-(Rpys + Tous + 2T 5us) - (2.23)

3. RESULTS AND DISCUSSION

Fig. 1 shows the transmission spectrum of bilateral
macroporous silicon with different volume fraction of
pores of the frontal layer of macroporous silicon with a
thickness of 20 pm. The volume fraction of pores of the
rear layer of macroporous silicon is 0.2. Arrays of nan-
owires placed on both sides of the monocrystalline sub-
strate have a similar reflection spectrum. The thickness
of bilateral macroporous silicon is 500 um. The thickness
of the rear layer of macroporous silicon is 50 um. The
transmission spectrum of bilateral macroporous silicon
with different volume fraction of pores of the frontal layer
of macroporous silicon is calculated from the expression
(2.10). The transmission of bilateral macroporous silicon
increases with an increase in the volume fraction of pores
from 0.1 to 0.7 (see Fig. 1, curves 1-4). The increase in
transmission of bilateral macroporous silicon with an in-
crease in the volume fraction of pores is due to an increase
in the transmission of the interface between air and the
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frontal layer of macroporous silicon. Transmission of bi-
lateral macroporous silicon with an increase in the vol-
ume fraction of the pores of the frontal layer of
macroporous silicon begins to decrease with a volume
fraction of pores greater than 0.9 (see Fig. 1, curve 5).

The transmission of bilateral macroporous silicon
with an increase in the volume fraction of the pores of the
frontal or rear layers of macroporous silicon is the same.
This is due to the fact that light with wavelengths from
0.9 um to 1.3 um is weakly absorbed and passes through
bilateral macroporous silicon. When passing through bi-
lateral macroporous silicon, light crosses all interfaces.
As the volume fraction of the pores of the frontal or rear
layers of macroporous silicon changes, the transmittance
of one of the interfaces changes, but the transmittance of
bilateral macroporous silicon does not change.

34
0.6
1
8
g
s 0.4+
g
g
=
0.2
5
0.0 ‘ ‘ ‘ ‘ ‘ ‘ :
0.9 1.0 1.1 1.2 1.3

Wavelength, pm

Fig. 1 - Transmission spectrum of bilateral macroporous sili-
con or arrays of nanowires placed on both sides of the monocrys-
talline substrate with a volume fraction of pores of the frontal
layer of macroporous silicon: 1 — 0.1; 2 — 0.3; 3 — 0.5
4-0.7, 5—0.9. The thickness of the frontal macroporous silicon
is 20 pum, the thickness of the rear macroporous silicon is 50 pum.
The volume fraction of the rear layer of macroporous silicon is 0.2

Fig. 2 shows the absorption spectrum of bilateral
macroporous silicon with different volume fraction of
pores of the frontal layer of macroporous silicon with a
thickness of 20 um. The volume fraction of pores of the
rear layer of macroporous silicon is 0.2. Arrays of nan-
owires placed on both sides of the monocrystalline sub-
strate have a similar reflection spectrum. The thickness
of bilateral macroporous silicon is 500 um. The thickness
of the rear layer of macroporous silicon is 50 um. The ab-
sorption spectrum of bilateral macroporous silicon with
different volume fraction of pores of the frontal layer of
macroporous silicon is calculated from the expressions
(2.10), (2.22) and (2.23). The absorption of bilateral
macroporous silicon determines its reflection and trans-
mission. The absorption of bilateral macroporous silicon
consists of the absorption of the frontal and rear layers of
the macroporous silicon and the absorption of the mono-
crystalline substrate. Reflection from the interfaces of the
bilateral macroporous silicon affects the trapping and ab-
sorption of light by the bilateral macroporous silicon. The
absorption of bilateral macroporous silicon increases with
an increase in the volume fraction of pores from 0.1 to 0.7
(see Fig. 2, curves 1-4). The absorption of bilateral
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macroporous silicon increases, each time by a larger
amount, with an increase in the volume fraction of the
pores of the frontal layer of macroporous silicon. Starting
with a volume fraction of pores of the frontal layer of
macroporous silicon greater than 0.7, the absorption of bi-
lateral macroporous silicon light with wavelengths from
0.6 um to 1.05 um decreases due to the increase in reflec-
tance bilateral macroporous silicon (see Fig. 2, curves 4
and 5).

This is due to an increase in the reflection of the in-
terface between the layer of macroporous silicon and the
monocrystalline substrate. As the volume fraction of the
pores of the macroporous silicon frontal layer increases,
the reflection of the interface between the macroporous
silicon layer and the monocrystalline substrate in-
creases, due to the increase in the difference between the
effective refractive index of the macroporous silicon
layer and the refractive index of the monocrystalline sil-
icon substrate. The difference between the refractive in-
dex of air and the effective refractive index of the
macroporous silicon layer decreases with an increase in
the volume fraction of the pores of the macroporous sili-
con frontal layer. For this reason, the reflection of the
interface between air and the frontal layer of
macroporous silicon decreases, and the reflection of the
interface between the frontal layer of macroporous sili-
con and the monocrystalline substrate increases. This
affects the absorption of bilateral macroporous silicon.

1.0
0.8
=
£ 0.6
=
2
8
< 044
0.2
0.0 ‘ \ \

0.3 0.5 0.7 0.9 1.1 1.3
Wavelength, um

Fig. 2 — Absorption spectrum of bilateral macroporous silicon or
arrays of nanowires placed on both sides of the monocrystalline
substrate with a volume fraction of pores in the frontal layer of
macroporous silicon: 1 — 0.1; 2 — 0.3; 3 — 0.5; 4 — 0.7,
5—0.9. The thickness of the frontal macroporous silicon is 20 pm,
the thickness of the rear macroporous silicon is 50 pm. The vol-
ume fraction of the rear layer of macroporous silicon is 0.2

Fig. 3 shows the absorption spectrum of bilateral
macroporous silicon with different volume fraction of
pores of the frontal layer of macroporous silicon with a
thickness of 50 um. The volume fraction of the rear layer
of macroporous silicon is 0.2. Arrays of nanowires placed
on both sides of the monocrystalline substrate have a sim-
ilar reflection spectrum. The thickness of bilateral
macroporous silicon is 500 um. The thickness of the rear
layer of macroporous silicon is 20 um. The absorption
spectrum of bilateral macroporous silicon with different
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volume fraction of pores of the frontal layer of
macroporous silicon is calculated from expressions (2.10),
(2.22) and (2.23).

1.0
5
0.8 4
o 3
S 061
& 2
2
) 1
< 041
0.24
O;O T T T T
0.3 0.5 0.7 0.9 1.1 1.3

Wavelength, um

Fig. 3 — Absorption spectrum of bilateral macroporous silicon
or arrays of nanowires placed on both sides of the monocrystal-
line substrate with a volume fraction of pores in the frontal
layer of macroporous silicon: 1 — 0.1; 2 — 0.3; 3 — 0.5; 4 — 0.7,
5 — 0.9. The thickness of the frontal macroporous silicon is 50
pum, the thickness of the rear macroporous silicon is 20 pm. The
volume fraction of the rear layer of macroporous silicon is 0.2

Bilateral macroporous silicon is illuminated from the
other side. The frontal layer of macroporous silicon be-
came thicker, and the rear layer became thinner. Light
partially reflected from the interface between the frontal
layer of macroporous silicon and the monocrystalline
substrate is absorbed by the frontal layer of
macroporous silicon, which has become thicker. Differ-
ences in the absorption spectra of bilateral macroporous
silicon are shown in Fig. 3 and Fig. 2 due to the thick-
ness of the frontal macroporous silicon.
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IIponyckanHs Ta MOTJIHHAHHA JBOCTOPOHHBOIO IIOPUCTOr0 KPEMHIIO
3 MakpornopamMu a00 HAHOAPOTAMH

B.®. Oruenko

Inemumym pizuru nanienposionukie imeni B.€. Jlawrxapvosa HAH Ykpainu,
np. Hayxu, 41, 03028 Kuis, Yxpaina

PospaxoBano ciekTpu mpoIryckaHHs Ta MOTJIMHAHHS JBOCTOPOHHBOTO MAKPOIIOPUCTOT0 KPEMHII0 T4 HAHO-
npoTwH. BpaxoByeThest MPOIyCKAHHS Ta BIOUTTS MeYK POy MisK MOHOKPHUCTAJIIYHOIO MIIKJIAIKOI0 Ta Ia-
pPaMu MakKpOIIOPUCTOrO KPeMHIo. PO3rigHyTo MOrJIMHAHHS JBOCTOPOHHBOIO MAKPOIIOPHCTOr0 KPEMHII IIPU
OCBITJIEH] OJTHOTO a00 1HIIIOTO IIapy MaKpPOIIOPHUCTOr0 KPpeMHIin. Po3paxoBaHO MIPOIyCKaHHA OIYHUX MEK PO3-
Ty MiK JBOCTOPOHHIM MAKPOIIOPHCTHM KPEeMHieM Ta MoBITpAM. [IpomyckaHus GI1YHHX Mesk JBOCTOPOHHBOIO
MAaKPOIOPUCTOT0 KPEMHII0 3aJI€KUTD Bl KOEMITIIEHTIB BITOUTTSA MeK PO3/LITY MOHOKPUCTAIIHOL KT TKI
Ta MapiB MAKPOIIOPUCTOr0 KPEMHII0 Ta 00'€MHOI YacTKu mop. BpaxoBaHo magiHHsA cBiT/ia Ha O0ivHI Mesl Po3-
IIJTy MisK JBOCTOPOHHIM MaKpPOIIOPUCTUM KPEMHIEM Ta MOBITPSAM I PISHUMU KyTaMu Ta e)eKT IIOBHOTO BHY-
TPINIHBOTO BIAOUTTSI. PO3IIISHYTO 3aJI€3KHICTD CIIEKTPIB IIPOITyCKAHHS TA IOTJIMHAHHS JBOCTOPOHHBOTO MAaK-
POIIOPHCTOrO KPEMHI0 Ta HAHOAPOTHH BiJf BIIOUTTS Ta IIPOILyCKAHHS MeXK]l PO3ILIy MiK (DPOHTAIBHUM IIIapOM
MaKPOIOPUCTOr0 KPEMHII0 T4 MOHOKPHCTAJIIYHOIO IT1TKJIAIKO0 Ta 00’ eMHOI yacTkun mop. [lokasamo sapocraHus
HOTJIMHAHHS Ta IPOILYCKAHHS JIBOCTOPOHHBOIO MAKPOIIOPUCTOr0 KPEMHI 31 301IbIIeHHAM 00 €MHOI YaCTKU
TIOp 10 ITeBHOI BEJIMUMHU T4 3MEHIIEeHHS ITOTJIMHAHHSA TA IPOIYyCKAHHS 34 PAXYHOK 30LIbIIEHHS BiIOUTTS
MesK1l PO3ILITY MK (PPOHTAIBHOIO IIIapy MAKPOIOPHUCTOr0 KPEMHI0 3 MOHOKPHCTAIIYHOI II1IKIATKOI0.

Kmouoei cosa: [Iponryckanns, [lormuaanas, Horonporusum, J[BoCTOpOHHIN MaKPOIIOPHUCTHM KPEMHIH.
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