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Interesting direction of investigations is using surface-periodic structures in solar cells, because
micrometer and nanometer periodic structures enlarge area of solar cells surface. At this, for using in
solar cells, creation is proposed of p-n or n-p junctions in micro-threads of those structures. Taking into
consideration that creation of those junctions is to be realized under a temperature impact, necessity
arouses of analyzing temperature distribution in periodic structures through heating. It makes it possible
to control the alloying process more widely and to create p-n or n-p junctions in micro-threads. In the
process of thermal annealing of porous silicon, desorption of electrochemical processing products takes
place on its surface and its luminescent properties change.

In this work numerical calculations are made of a temperature distribution in periodic structures on
silicon surface in process of thermal annealing.

Calculations realized in the given investigation make it possible to forecast a temperature distribution
in silicon periodic structures in process of thermal annealing. It gives a possibility for more precise
alloying such structures. It is shown that after 40 us the specimen gets warmed thoroughly. But a small
irregular warming takes place between micro-threads that can be caused by heated air fluctuations.
Distribution of the temperature profiles is shown at different time intervals. It is shown that in case of
thermal annealing a span between micro-threads heats up.
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INTRODUCTION

Nowadays, higher interest arouses to semi-
conductor materials with nano-dimensional
structure elements that can change appreciably
their traditional properties [1-3]. In our previous
works heat expansion was analyzed in non-
stoichiometric films SiO4 [4—6]. As a result, it
was shown that after annealing the structure of
the given films and their electric features were
changed. At this, in some cases changes
registered in these films differed appreciably.
Optic features of these structures change, too,
and that makes them attractive for using in solar
cells.

The idea that nano-structuring homogeneous
and isotropic media can create new optical
properties in them was proposed many years ago
[7]. Among the most effective methods of nano-
structuring are thermal and laser annealing.

But only nowadays the technologies were
realized for producing nano-structural materials.
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For creation of optically homogeneous structures
the dimensions of structural elements and
distance between them should be much less than
a wave-length. Changing optical features of a
semiconductor while forming nano-structures
and their ensembles with typical dimensions
1-10 nm can be caused by:

e dimensional effects

e surface effects (new electronic and
phonon levels)

e Jocal fields depending on nano-
structures' forms and their quantity.

Now, creation of periodic surface structures
and properties of these structures are analyzed in
great scale with various methods [8-11] for
using in practical work [12-15].

Interesting direction of investigations is
using surface-periodic structures in solar cells,
because micrometer and nanometer periodic
structures enlarge area of solar cells surface. At
this, for using in solar cells, creation is proposed
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of p-n or n-p junctions in micro-threads of those
structures. Taking into consideration that
creation of those junctions is to be realized under
a temperature impact, necessity arouses of
analyzing temperature distribution in periodic
structures through heating. It makes it possible to
control the alloying process more widely and to
create p-n or n-p junctions in micro-threads.

In the process of thermal annealing of porous
silicon, desorption of electrochemical processing
products takes place on its surface and its
luminescent properties change [16—18].

Pores that have regular right-angled forms at
a reference time change their profiles in the
process of heating, their walls become rough
and, by degrees, lugs begin to appear on them. In
course of time, those lugs increase in dimensions

and in case of a great annealing time they can
grow up to a continuous bridge dividing the pour
into a pair of isolated parts. Dimensions of
produced bridges, their thickness and disposition
depend appreciably on the temperature in a
porous layer [19, 20].

In this work numerical calculations are made
of a temperature distribution in periodic
structures on silicon surface in process of
thermal annealing. Dimensions of periodic
structures (micro-threads) are as follows:
diameter — 1 pm, height — 1 pm (Fig. 1). The
temperature distribution can give information to
explain structural deformations, electrical and
optical features of those structures after
annealing.

@ =1pm

Fig. 1. Silicon periodic structure

THEORY

A heat-transfer process in a solid media is
governed by the energy conservation law. The
law in differential form can be exposed as [21]:

as .. . (o0
T =—divj +| —= |, 1
pr— ivg (arj (1)

where dQ=pTdS is the quantity of heat
received by the volume unit of the surface, P is

the substance density. 7 is a thermodynamic
temperature, S is the entropy of the media mass

unit, q is the energy fluency rate translated by a

heat conductivity process.

The equation given appears to be an equation
of continuity for a heat quantity. Taking into
consideration that ¢ = —kgradT, equation (1) can

be rewritten as:

or _ Q9
pe, —V(kVT)Jr( p j ()

t

where ¢, is the heat capacity at constant

pressure, k is the coefficient of thermal
conductivity.
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The distribution of temperature field on a
solid body surface after the heating can be
described with a differential parabolic equation
(Fourier equation):

2 2 2
a_T:X a_];_i_a_{_i_a_]; +L(@j’ (3)
ot o~ oy Oz pc, \ ot
where y =L is the temperature conductivity,
pec,

T is the sample temperature. For the problem

For modelling thermal heating of a periodic
silicon structure in furnaces, the model is used
exposed in Fig. 2.

It is considered in the model that a silicon
structure is placed into a warming furnace. There
is air around the structure. In such a model, heat
from the furnace surface transfers to the air
environment and after that — to the structure
itself. On the furnace surfaces a condition of
temperature stability is given:

analyzed, the equation may be expressed in form : T=T,. (5)
oT
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Fig. 2. Model for calculation of temperature profiles
On the specimen surface the condition RESULTS AND DISCUSSION

assignes of heat flow continuity expressed by the
equation:

n-(kVT, —k,VT,)=0. (6)
Initial conditions are taken in form:

Tsampze = Lamp > (7

airspace = 1o - (®)

With such initial conditions it is taken into
consideration that the initial temperature of the
specimen is equal to the temperature of
environment, and the air space between the
furnace walls and the specimen are to be heated
up to the furnace temperature. So, the specimen
is placed into the warned-up furnace.
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It is shown that the annealing temperature of
the structure appears to be reached already after
0.5ms, and the heat flow is directed to the
micro-thread middle on the silicon surface.

Inhomogeneous  heating of  periodic
structures was observed at the start of annealing
(Fig. 3). At first, the upper part of a micro-thread
heats, then warmed air gap heats between the
micro-threads, resulting in warming their vertical
faces. After 30 us, the surface temperature on a
micro-thread reaches 530 K, but already after
300 ps the temperature is 990 K. In the near-
surface air gap between the areas of micro-
threads temperatures can be slightly higher
(Fig. 3).

Let’s analyze a temperature distribution on a
surface of periodic structures in different time
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gaps (Fig. 4). It is seen that in course of time the
difference between temperatures inside micro-
threads and between them diminishes, that shows
gradual heating of the system up to annealing
temperature.

But, after more detailed calculations of
temperatures in gaps between micro-threads
(Fig. 5), it appears that no smooth temperature
change can be fixed. It may be evidence of air
fluctuation through the heating process.

Using nano-technologies makes it possible to
change electronic and optical characteristics of
semi-conductor nanocrystals in a wide range.
The systems containing silicon nanocrystals in

7 75 8 8.5x10°

dielectric matrix have a perspective for creation
of light-emitting systems compatible with IC-
devices technology. Alloying structures of
silicon nanocrystals with ions of rare-earth
metals makes it possible to realize a unique
process of practically entire transmission of
exciton energy on ions' internal degrees of
freedom. For correct alloying such structures it is
necessary to know the distribution of
temperature in process of heating because
alloying itself takes place through the heating
time. This is important essentially for changing
electrical and optical properties of these
structures.

max 988.6 K

8.5x10° T538.4

logo.6

Fig. 3. The temperature profile on the micro-thread surface during thermal annealing (7= 1000 K): a — duration of

annealing 30 ps, b — duration of annealing 300 pus
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Fig. 4. Temperature distribution
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CONCLUSIONS

Using Fourier equations and the
principles proposed for its solution gives a
possibility to calculate a heat distribution not
only in objects-models, but in real studied
structures for real experiment environment. It
simplifies a process of the experimental
planning and enlarges information value of
the results obtained. Calculations realized in
the given investigation make it possible to
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Distribution of temperature on the surface of a periodic structure after 800 us from the annealing initiation

forecast a temperature distribution in silicon
periodic structures in process of thermal
annealing. It gives a possibility for more
precise alloying such structures that will
change their optical and electrical properties
in required range. It is shown that after 40 us
the specimen gets warmed thoroughly. But a
small irregular warming takes place between
micro-threads that can be caused by heated air
fluctuations.
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TeopeTn4Hi po3paxyHKH NOMMPEHHS TEMIIEPATYPHOI0 10JIsA B KPEMHI€BUX NePioAUIHUX
CTPYKTYpAax Mmii 4ac TePMi4HOr0 Bianamsy

0.0. I'aBpuitiok, O.F0. Cemuyk

Tuemumym ximii nogepxui im. O.0. Yyuxa Hayionanvnoi akademii nayk Yxpainu
syn. I'enepana Haymosa, 17, Kuis, 03164, Yxpaiua, oleksandr_gavrylyuk@mail.ru

Ilposedeno mamemamuune MOOENIOBAHHI PO3NOOITY MEMNEPAMYPU 8 KPEeMHIEGUX NepioOUYHUX
cmpyxkmypax. Tlokazano po3nodin memnepamyprux npoghinié 6 pisni npomiowku uacy. Bcmanosneno uac
noenoco Haepisy cmpykmypu. Iloxazano, wo npu mepmiunomy 8iOnai weuoule HaepiBacmvcsi NPOMINCOK
MIDIC MIKDOHUMKAMU.

Knrouoei cnosa: nopucmuii kpemuii, nepioOUYHi CMPYKMYpu, MePMIYHULL GiONai, pIi6HAHHA
menionposioHocmi

TeopeTruyeckne pacueTbl pACIPOCTPAHEHHSI TEMIIEPATYPHOIO 1MOJIsI B KPEMHUEBBIX
NepHoAUYEeCKUX CTPYKTYPAX MPHU TEPMHYECKOM OTHKUTEe
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Ilpogedeno mamemamuueckoe MOOeIUPOSAHUE pACNpeOdeseHUs MmeMnepamypol 6 KpeMHUesblX
nepuoduveckux cmpykmypax. Ilokazano pacnpedenenue memnepamypHvlx Hpo@uiel 6 paziuyHble
NPOMEJICYMKU BPEMEHU. YCMAaHO08IeHO 6peMs NOAHO20 Hazpesa cmpykmypwl. llokazano, uwmo npu
mepMuieckom omoicuze bvicmpee Hacpesaemcs NPOMeHCYMOK MexHcOy MUKPOHUMAMU.

Kniouegvle cnosa: nopucmolii Kpemuuti, nepuooudeckue CmpyKmypbl, mMePpMUYEcKUti Omoicue,
VpasHenue menionposooOHOCmuU
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