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Abstract

One of the possible ways of improvement of the surface properties of silicon is the solid phase re-
crystallization of the surface silicon layer after the chemical-mechanical polishing with application
of the rapid thermal treatment with the pulses of second duration. The purpose of the given paper is investi-
gation of influence of the rapid thermal treatment of the initial silicon wafers of the various doping level and
reticular density on their optical characteristics by means of the spectral ellipsometry method.

The investigation results are presented by means of the spectral ellipsometry method of the rapid thermal
processing influence on the initial silicon wafers (KDB12 orientation <100>, KDB10 orientation <111> and
KDBO0.005 orientation <100>) of the various level of doping and reticular density influence on their opti-
cal characteristics: refraction and absorption ratios. Influence was confirmed of the silicon reticular density
on its optical characteristics before and after the rapid thermal processing. It was shown, that reduction
of the refraction and absorption ratios in the center of the Brillouin zone for the silicon samples with the high
Boron concentration after the rapid thermal processing as compared with the low doped silicon. In the area
of the maximum absorption peak, corresponding to the energy of the electron exit from the silicon sur-
face (4.34 eV) the refraction indicator of the high doped silicon becomes higher, than of the low doped sili-
con, which is determined by the high concentration of the vacant charge carriers on the silicon surface in this
spectral range.

It was established, that the spectral area 3.59-4.67 eV, corresponding to the work of the electrons, exit-
ing the silicon surface, the most informative way shows the difference of the 3 optical parameters of silicon
of the different orientation, and for evaluation of influence of the silicon doping level on its optical characte-
ristics the most informative is the spectral range of 3.32—4.34 V.

Keywords: rapid thermal processing, absorption ratio; refraction ratio.

DOI: 10.21122/2220-9506-2022-13-3-199-207

Aopec ona nepenucku: Address for correspondence:

Omenvuenko A.A. Omelchenko A.A.

OAO «MMHTEI'PAJI» — ynpasnsaowas KoMnanus Xonounea JSC “Integral” — “Integral” Holding Management Company,
«UHTEI'PAJI», Kazinca str., 1214, Minsk 220108, Belarus

yi. Kasunya, 1214, 2. Munck 220108, Berapycw e-mail: anna.omelchenko.13177@mail.ru

e-mail: anna.omelchenko.13177@mail.ru

Mna yumuposanusn: For citation:

V.A. Solodukha, U.A. Pilipenko, A.A. Omelchenko, D.V. Shestovski. V.A. Solodukha, U.A. Pilipenko, A.A. Omelchenko, D.V. Shestovski.
Spectral Ellipsometry as a Method of Investigation of Influence Spectral Ellipsometry as a Method of Investigation of Influence
of Rapid Thermal Processing of Silicon Wafers of Rapid Thermal Processing of Silicon Wafers

on their Optical Characteristics. on their Optical Characteristics.

ITpu6ops! 1 METOIBI H3MEPEHHI. Devices and Methods of Measurements.

2022.—T. 13, Ne 3. — C. 199-207. 2022, vol. 13, no. 3, pp. 199-207.

DOI: 10.21122/2220-9506-2022-13-3-199-207 DOI: 10.21122/2220-9506-2022-13-3-199-207

199



IIpubopsi u Mmemoowl usmepeHuil Devices and Methods of Measurements
2022.—T. 13, Ne 3. — C. 199-207 2022, vol. 13, no. 3, pp. 199-207
V.A. Solodukha et al. V.A. Solodukha et al.

CrnekrpajbHas 3JUIMIICOMETPHUSA KAK METO U3yYeHM s
BJIUSAHUA OBICTPOIl TEPMOOOPAOOTKH KPEMHHUEBBIX IIACTHH
HA UX ONITUYECKHE XaPAKTePUCTUKHU

B.A. Cogonyxa, B.A. Ilniunenko, A.A. Omeabuenko, /I.B. lllecroBckuii

OAO «MMTHTEI'PAJI» — ynpasnsiowas komnanus xonounea « AHTET'PAJI»,
ya. Kasunya, 1214, o. Munck 220108, benapyco

Tocmynuna 26.07.2022
Ipunama k nevamu 28.09.2022

OpHUM U3 BO3MOXKHBIX MyTEH yIydIIeHUs TIOBEPXHOCTHBIX CBOMCTB KPEMHUS ABISETCS TBepaoda3Has
pPEKpHCTAININ3AIMsl  TIOBEPXHOCTHOTO  CJIOST KPEMHHUS TOCNie  XUMHKO-MEXaHHYECKOW TOJHMPOBKHU
C WCIOJB30BaHUEM OBICTPON TEPMHUYECKOH 00paOOTKHM HMMITyJIbCaMH CEKyHAHOH anmuTensHocTH. Llenbro
JTAHHOW Pa0OTHI SIBIAJIOCH WCCIEOBAHNE BIHMSHHUA OBICTPOH TEPMHUYECKONH OOPaOOTKH HMCXOIHBIX KpeM-
HUEBBIX IUIACTUH PA3JIMYHOTO YPOBHS JIETUPOBAHHS W PETHKYJSPHOM IUIOTHOCTH Ha WX ONTHYECKHE
XapaKTEePUCTUKN METOJIOM CHEKTPaIbHOMN IUTUIICOMETPHH.

IIpuBeneHsl pe3ynabTaThl MCCIECIOBAHUS METOJOM CHEKTPaIbHOW SJUTMIICOMETPHH BIUSHHS OBICTPOI
TepMooOpaboTKn McxoaHbIXx kpemMHHUeBBIX TutacTuH (Kb-12 opumenrtamum <100>, KIb-10 opuenramuu
<111> u K/1b-0,005 opuenrtamuu <100>) pa3nuyHOr0 ypOBHS JETUPOBAHUS M PETHUKYJISPHON TUIOTHOCTH
Ha UX ONTHYECKHE XapaKTEPUCTUKN: KOIPPHUIMEHTHI PETOMIICHHS, Torommenus. [loaTBepkieHo BIusSHIE
PETUKYJISIPHOIN TNIOTHOCTH KPEMHHUS Ha €ro ONTHYECKHE XapaKTePHCTHUKU JI0 W Tociie OBICTPOH Tepmo-
00paboTKH. YCTaHOBIEHO YMEHBINICHUE KOA(DQPUITMECHTOB MPEIOMIICHHS W TIOTJIOMICHUS B IICHTPE 30HBI
BpumtrosHa 11t 00pa3oB KpeMHHS ¢ BBICOKOH KOHIICHTpaIuei 6opa rmocie ObICTpoil TepMooOpadoTKH
M0 CPaBHEHHIO C HH3KOJETHPOBAHHBIM KpeMHHEM. B obmacT mnuka MakCMMyMa ITOTJIONIEHWUS,
COOTBETCTBYIOIIETO DHEPTUU BBIXOJ/Ia AJIEKTPOHA C MOBEPXHOCTH KpeMHus (4.34 5B) mokazarens mpenom-
JICHUSI BBICOKOJIETHPOBAHHOTO KPEMHHSI CTAHOBHUTCS BBINIE, YeM Y HHU3KOJIETMPOBAHHOTO KPEMHHUS, YTO
00yCIIOBIIEHO BBICOKOW KOHIIEHTpAIMEe CBOOOIHBIX HOCHTEJEH 3apsga Ha MOBEPXHOCTH KPEMHHS B 3TOM
CTMIEKTPAJILHOM JHaIia3oHe.

YcTaHOBIICHO, UTO CIIEKTpaibHas 0071acTh 3.59—4.67 3B, COOTBETCTBYIOMIAS padOTE BEIX0/1a AJICKTPOHOB
C TIOBEPXHOCTH KpEeMHHs, Hamboyiee MHPOPMATHBHO ITOKA3bIBAET pa3jMuMe ONTHYECKHUX IapamMeTpoB
KpEMHHUS Pa3INYHON OpUEHTAINH, a JUIsl OLIEHKH BIIMSHUS YPOBHS JITHPOBAHUS KPEMHUS Ha €ro ONTHYEC-
KM€ XapaKTepUCTUKN HanOosee MH(PpOpPMAaTHBEH CIIEKTPaNbHbIN quamna3on 3.32—4.34 5B.

KaroueBbie ciaoBa: ObicTpas TepMudeckas o00paboTka, KOdPQUIMEHT MorjiomeHns, KodhduimueHt
HPEJIOMIICHHS.
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Introduction

The main factor, influencing the quality and re-
liability of the modern integrated circuits is the sur-
face condition of the initial silicon wafers. In view
of this, a great attention is paid to the aspects of the
silicon surface preparation. As it is known, one of the
possible ways of improving the surface properties
of silicon is the solid phase recrystallization of the
silicon surface layer after the chemical-mechanical
polishing with application of the rapid thermal pro-
cessing (RTP) with the pulses one second long [1,
2]. The important parameters, bearing information
about the surface condition of the silicon wafer are in
its optical characteristics, and, namely, the ratios of
refraction, absorption and reflection, which are most
sensitive to presence of the disrupted layer, available
on the surface of the silicon wafers after the chemi-
cal-mechanical polishing [3]. However no references
in publications have been found which are dedicated
to reviewing the dependence of optical properties of
silicon wafers upon its orientation and the level of
doping in broad spectral range, that is from visible
light to deep ultraviolet prior to RTP and after that.

The purpose of the given paper was investiga-
tion of influence of the rapid thermal treatment of
the initial silicon wafers of the various doping level
and reticular density on their optical characteristics
by means of the spectral ellipsometry method.

Procedure of the experiment

As one of the most sensitive control methods
of the optical characteristics of the silicon surface
layers is the method of ellipsometry, based on the
analysis of the characteristics of the reflected pola-
rized irradiation, the given method was used dur-
ing performance of the given investigations. Taking
into consideration, that the ellipsometrical analysis
should be performed in the wide spectral range, as
the equipment for the investigations, the use was
made of the spectral ellipsometer UVISEL 2, that
ensures operation in the spectral range from 2100 to
200 nm (0.6—6.0 eV) and to obtain the results of high
accuracy, resolution and the excellent ratio of signal/
noise.

As the samples we used the wafers of the ini-
tial silicon with the diameter of 100 mm, in par-
ticular, of KDBI12 orientation <100> (hereinaf-
ter — KDB12<100>), KDBI10 orientation <l11>
(hereinafter — KDBI10<111>) and KDBO0.005

orientation <100> (hereinafter — KDB0.005<100>),
that passed the standard chemical-mechanical po-
lishing.

Measurements of the refraction ratio and the ab-
sorption ratio of the initial samples were performed
on the spectral ellipsometer UVISEL 2 (made by the
company Horiba Scientific, France, in the spectral
range from 0.6-6.0 eV (2100-200 nm.)). The angle
of arrival of the light beam on the sample constituted
70°. Treatment of the spectra and their visualization
were performed with application of the software
UVISEL 2.

Further, the given samples were subjected to the
rapid thermal processing with irradiation by means
of the light pulse from the non-operational side of
the wafer for 7 s in the medium of Ar (the annea-
ling temperature of 1100 °C). After completion of
the process of the rapid thermal processing the initial
samples were repeatedly subjected to control of the
optical parameters.

Analysis of the initial silicon wafers before
rapid thermal processing

As silicon in the infrared zone is transparent,
the predominant interest lies in the investigation
results of the optical characteristics of the silicon
surface in the ultraviolet and visible range of the
spectrum of 1.6-6 eV (760-200 nm). Analysis of
the given results showed, that in the spectral range
from 1.6 to 3.33 eV for the silicon samples of
the various orientation and the doping concentra-
tion one can observe the “normal dispersion”, i. e.
there’s increase of the silicon refraction ratio with
reduction of the irradiation wave length. During
transition into the ultraviolet zone of the spectrum
there takes place the abrupt reduction of the refrac-
tion ratio, i. e. in evidence is the “anomalous disper-
sion” of the refraction ratio. Usually it is observed
in the areas of the frequencies, corresponding to
the bands of the intensive light absorption in the
given medium, which is present in the given case.
This is determined by the fact, that during influence
of the ultraviolet irradiation there’s concentration
rise of the charge carriers because of bond ruptures
of Si-Si (bond energy of Si-Si is equal to 2.3 eV).
As a result of this, in the spectral zone from 3.33 to
6 eV there takes place the “anomalous dispersion”
of the silicon refraction ratio close to the maximum
absorption points (see Figures 1, 3), corresponding
to:
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— G-point (Van Hove singularity point M1)
of the Brillouin zone center with the energy of
3.46-3.48 eV (the energy of the direct transition of
3.43 eV) (see Figures 1, 3, point 2, curves ¢, d, h);

— maximum absorption, that corresponds to the
energy of the electrons, exiting the silicon surface of
4.34 eV (exit work of electron for Si is equal to 3.59—
4.67 eV) (see Figures 1, 3, point 4, curves c, d, h);

—maximum absorption, corresponding to the
energy of the electrons, exiting the natural oxide
surface due to rupture of the bonds Si-O about
5.42 eV (the bond energy of Si-O is equal to
4.79 eV).

The spectral dependence of the reflection ra-
tio R, as a rule, hardly depends on the photon energy,
and the spectral changes in the intensity of the re-
flected beam are related mainly to alterations of the
absorption ratio. Thus, the spectral dependence of
the reflection ratio R has the similar expression of
the absorption ration dependence. Meanwhile, it is
specific with the spikes of the maximum reflection in
the area of 3.42 eV (when adjacent to the G-point of
the Brillouin zone center) (see Figures 2, 4, point 5,
curves i, f, e), 4.6 eV (corresponding to the electron
exit work from the silicon surface) (see Figures 2, 4,
point 6, curves i, f, ¢) and about 5.75 eV (correspon-

nr
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ding to the energy rupture of the bonds Si-O) (see
Figures 2, 4) [4, 5].

The comparative analysis of the optical pa-
rameters of the silicon samples KDB12<100> and
KDB10<111> with the different orientation of the
surface revealed (see Figures 1, 2), that in the region
of the refraction ratio maxima, corresponding to the
energy of 3.33-3.34 eV (see Figure 1, point 1, curves
a, b), 4.1 eV (see Figure 1, point 3, curves a, b), as
well as in the region of the maximum absorption,
corresponding to the energy of the electrons, exi-
ting the silicon surface with the value of 4.34 eV (see
Figure 1, point 4, curves ¢, d) for the silicon orienta-
tion <111> the ratios of absorption, refraction and
reflection are greater than for the silicon with orien-
tation <100>. In the absorption maximum of the G-
point (Van Hove singularity point M1) of the Bril-
louin zone center (see Figure 1, point 2, curves c,
d) the absorption ratio for the silicon with orienta-
tion <111> is greater than for the silicon with ori-
entation <100> by Ak = 0.03, but in a different way
behaves the refraction indicator with the difference
An=0.065. It is explained by the fact, that in the
plane {111} the atoms packs are of the maximum
density, i. e. the silicon of orientation <111> pos-
sesses the higher reticular density [6, 7].

1k

b3 5

S 4
2¢>\

b ..‘. 3

; : i

1

3 4
E, eV

Figure 1 — Spectral dependence of the absorption & and refraction n ratios of the initial silicon KDB12<100> and
KDB10<111> before rapid thermal processing: a — n KDB12<100>; b —n KDB10<111>; ¢ -k KDB12<100>;

d—kKDB10<111>
R
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Figure 2 — Spectral dependence of reflection R ratios of the initial silicon KDB12<100> (i) and KDB10<111> (f) be-

fore rapid thermal processing
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3

E, eV

Figure 3 — Spectral dependence of the absorption & and refraction # ratios of the initial silicon KDB12<100> and
KDBO0.005<100> before rapid thermal processing: a — n KDB12<100>; ¢ — k KDB12<100>; g — n KDB0.005<100>;

h—k KDB0.005<100>

Meanwhile, for the spectral region nearby the
maximum point of the refraction ratio with the en-
ergy of 4.1 eV one can observe the greatest diffe-
rence of An =0.126, and in the maximum of absorp-
tion with the energy of 4.34 eV (see Figure 1, point
4, curves ¢, d) the absorption ratio of the silicon with
orientation <111> is higher by Ak=0.118 than for
the silicon with orientation <100>. The given result
can be explained by influence of the higher concen-
tration of the vacant charge carriers on the silicon
surface with orientation <111> in this spectral range.

From this it ensues, that the spectral region
3.59-4.67 eV, determined by the electrons work, ex-
iting the silicon surface, is more informative in de-
monstration of the difference of the optical para-
meters of the silicon of the different orientation.

Investigation of the silicon doping level inf-
luence on its optical characteristics on the samples
KDB12<100> and KDB0.005<100>, possessing the
same orientation and the different doping degree, re-
vealed (see Figures 3, 4), that the maxima of the re-
fraction ratios in the region of energy of 3.33 eV (see
Figure 3, point 1, curves a, g) and 4.1 eV (see Fi-
gure 3, point 3, curves a, g), as well as in the maxi-

R
0.65

0.6

0.5
0.45
0.4

mum of the absorption ratio of the G-point (Van Hove
singularity point M1) of Brillouin zone center (see
Figure 3, point 2, curves c, /) for the silicon with the
high concentration of Boron KDB0.005<100> the
higher values of the absorption ratios are observed,
but the lower values of the refraction indicators than
for the silicon KDB12<100> with the difference
An=0.082, Ak=0.081, 0.014, 0.016. The given re-
sult is determined by step-up in deformation of the
silicon crystal lattice with the higher doses of its
doping and with the significant content of the point
defectswith the higher concentration of the Boron
admixture in silicon. And, consequently, in the region
of the absorption maximum, corresponding to the
exit energy of the electrons from the silicon surface
of 4.34 eV (see Figure 3, point 4, curves c, k) resul-
ting in the additional appearance of the vacant charge
carriers on the silicon surface, which is confirmed by
the lower value of by refraction ratio by An = 0.084,
of the absorption ratio by Ak =0.056, than in case
of the low alloy silicon. The given circumstance is
explained, as it is shown in [8], by dependence of the
silicon optical characteristics on concentration of the
vacant charge carriers on the silicon surface.

6

o, e
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Figure 4 — Spectral dependence of the reflection R ratios of the initial silicon KDBI12<100> (i) and

KDBO0.005<100> (e) before rapid thermal processing
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On the basis of this it follows, that for asses-
sment of the silicon doping level influence on its op-
tical characteristics the most informative range is the
spectral range of 3.32—4.34 ¢V.

Analysis of the initial silicon wafers after the
rapid thermal processing

Analysis of dependences of the ratios of refrac-
tion, absorption and reflection in the spectral range
of 0.6-6 eV after RTP showed (see Figure 5), that
they are of the same nature as prior to treatment.

The comparative analysis of the optical pa-
rameters of the silicon samples KDB12<100> and

KDB10<111> with the different orientation of the
surface, i. e. possessing the different reticular den-
sity, revealed (see Table 1), that after RTP in the
region of maxima of the refraction ratio, correspon-
ding to the energy of 3.33-3.34 eV (see Table 1,
point 1), 4.1 eV (see Table 1, point 3), as well as in
the region of the absorption maxima, corresponding
to the G-point (Van Hove singularity point M1) of
Brillouin zone center (see Table 1, point 2) and the
exit energy of the electrons from the silicon surface
of 4.34 eV (see Table 1, point 4) for the silicon of
orientation <111> the ratios of absorption, refraction
and reflection were greater than for the silicon of ori-
entation <100>.

E, eV

Figure 5 — Spectral dependence of the absorption £ and refraction n ratios of the initial silicon KDB12<100> and
KDB0.005<100> after the rapid thermal treatment: a — n KDB12<100>; ¢ — k KDB12<100>; g — KDB0.005<100> n;

h—k KDB0.005<100>

This has the analogous explanation, as in the
case of the initial samples: the planes {111} possess
the maximum density of the atoms packing, i. e. the
silicon of orientation <111> possesses the higher re-
ticular density [6, 7], and, consequently, in the result
of the solid phase recrystallization of the disrupted
layer after RTP the smaller deformation potential and
the denser natural oxide.

In the absorption maximum with the energy
of 4.34 eV the refraction indicator of the silicon of
orientation <100> is slightly greater by An = 0.004,
than for the silicon with orientation <111>. The
given result can be explained by influence of the
higher concentration of the vacant charge carriers on
the silicon surface in this spectral range [8].

Meanwhile, for the spectral area nearby the
maximum point of the refraction ratio with the en-
ergy of 4.1 eV one can observe the significant diffe-
rence of An = 0.098, and in the absorption maximum
with the energy of 4.34 eV the difference by the ab-
sorption ratio also rises and constitutes Ak = 0.077.
On the basis of this it ensues, that the spectral area
of 3.59-4.67 eV, determined by the exit work of the

electron from the silicon surface, is more informa-
tive in demonstration of the difference in the optical
parameters of silicon of the different orientation [6].

Investigation of the silicon doping level influ-
ence on its optical characteristics on the samples
KDB12<100> and KDB0.005<100>, possessing the
same orientation and the different doping degree,
showed (see Table 2), that in the region of the absorp-
tion maxima, corresponding to the G-point (Van Hove
singularity point M1) of Brillouin zone center (see
Table 2, point 2) and the exit energy of the elec-
trons from the silicon surface of 4.34 eV (see Table
2, point 4) for the silicon with the high concentration
of Boron KDB0.005<100> one can observe the lower
va-lues of the optical parameters, than for the silicon
KDB12<100>. Just like indicated above, in the region
of the refraction ration maximum point, correspon-
ding to the energy of 3.32-3.33 eV (see Table 2, point 1).

For the lightly doped silicon KDB12<100> this
can be explained by depletion of the surface layer
with Boronbecause of its diffusion to the surface and
the subsequent escape into the surrounding environ-
ment at the high temperatures of RTP. In case of
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silicon with the high admixture concentration, de- significant content of the point defects, and, conse-
spite depletion of the surface layer, deformation quently, the optical parameters turn out to be lower,
of the crystal lattice will be higher, as there’s a than with the lightly doped silicon.

Table 1

Measurement results of the optical parameters of the silicon wafers after the rapid thermal processing

After RTP KDB12<100> KDB10<111> A
1 R 0.508 0.511 0.003
k 1.972 2.043 0.071
n 6.669 6.722 0.053
E(eV) 3.33 3.34 0.01
2 R 0.517 0.519 0.002
(G-point of the k 3.168 3.193 0.025
conductivity zone) n 5.495 5.549 0.054
E(eV) 3.48 3.48 0
3 R 0.544 0.545 0.001
k 3.886 3.907 0.021
n 4611 4.709 0.098
E(eV) 4.1 4.1 0
4 R 0.631 0.636 0.005
(efxi; elzefgyf k 5.053 5.13 0.077
?h:sfﬁcr;‘:ssuige) n 3.502 3.498 -0.004
E(eV) 434 434 0
Table 2

Measurement results of the optical parameters of the silicon wafers after the rapid thermal processing

After RTP KDB12<100>  KDBO0.005 <100> A
1 R 0.508 0.502 -0.006
k 1.972 1.829 -0.143
n 6.669 6.597 -0.072
E(eV) 3.33 3.32 -0.001
2 R 0.517 0.514 -0.003
(G-point of the k 3.168 3.102 -0.066
conductivity zone) n 5.495 5.454 20,041
E(eV) 3.48 3.51 0.03
3 R 0.544 0.545 0.001
k 3.886 3.908 0.022
n 4611 4.665 0.054
E(eV) 4.1 4.1 0
4 R 0.631 0.629 -0.002
(exit energy k 5.053 5.042 -0.011
Zf:;fﬁtcr:;“si‘f’ie) p 3.502 3.545 0.043
E(eV) 434 434 0
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The growth concentration of the ionized accep-
tors of the heavily doped silicon KDB0.005<100>
at the high temperatures of RTP results in the in-
crease and the effect of widening absorption in
the region of the G-point of the conductivity zone,
which explains the peak shift of the G-point to the
value of 3.51 eV (see Figure 5, point 2, curves c,
h) [9].

It should be also noted, that in the region of
the refraction ration maximum point with the
energy of 4.1 eV for silicon with the high Boron
concentration KDB0.005<100> one can observe
the higher values of the optical parameters, than
for silicon KDB12<100>. Thus, in the absorption
maximum point with the energy of 4.34 eV (see
Table 2, point 4) the refraction indicator of the
heavily doped silicon is greater by An = 0.043, than
with KDB12<100>. The obtained result can be ex-
plained by the fact, that in the given spectral range
there’s a higher concentration of the vacant charge
carriers on the silicon surface, resulting in its diffu-
sion into the surrounding environment at the high
temperatures of heating. This means, that after
RTP the surface layer is depleted with the vacant
charge carriers, and, consequently, in compliance
with [8, 10] there should be the rise in the optical
characteristics of silicon.

For the spectral area near the refraction ration
maximum point with the energy of 3.32-3.33 eV
one can observe the following alteration of the
optical characteristics: Ak=0.143, An=0.072,
AR =0.006. At the same time in the maximum of
absorption with the energy of 4.48-3.51 eV the
difference by the absorption ratio is more signifi-
cant (Ak=0.0606), than with the energy value of
4.34 eV.

This means, that for evaluation of influence of
the silicon doping level on its optical characteristics
the most informative is the spectral range of 3.32—
4.34 V.

Conclusion

By means of the spectral ellipsometry method
under investigation was influence of the rapid ther-
mal treatment of the initial silicon wafers of the va-
rious doping level and reticular density on their opti-
cal characteristics.

Thus, influence was confirmed of the reticu-
lar density of silicon of the different orientation
on its optical characteristics before and after rapid

thermal processing. The significant reduction was
established of the ratios of refraction and absorp-
tion in the center of Brillouin zone for the silicon
samples with the high concentration of Boron after
rapid thermal processing as compared with the
low alloy silicon because of the more considerable
depletion of the silicon surface with Boron in the
first case as a result of the diffusion processes on
the boundary of silicon-silicon dioxide. In the area
of the absorption maximum peak, corresponding
to the exit energy of the electron from the silicon
surface, with the energy of 4.34 eV the refraction
indicator of the heavily doped silicon becomes
higher than in case of the low alloy silicon, which
is determined by the high concentration of the va-
cant charge carriers on the silicon surface in this
spectral range, resultant in the Boron diffusion into
the sounding environment at the high temperatures
of heating.

It has been ascertained that the spectral area
3.59-4.67 eV, corresponding to the electrons work
function from silicon surface more exhaustively
demonstrates the difference between the optical
parameters of silicon with various orientation, and
for estimation of the impact produced by the level
of silicon doping at its optical characteristics the
spectral range 3.32—4.34 eV happens to be more
descriptive.
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