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In the manufacture of p-type silicon-based p-i-n photodiodes (PDs), it was found that when the time of
phosphorus diffusion increases, the yield of fit products significantly decreases. Up to 10 % are the rejects
as to external appearance, the rest — as to the spread of dark current levels of PD responsive elements
(REs), since the double spread of dark currents is considered a defect. Probably, the above occurrence
might be caused by non-uniform distribution of defects across REs because of the increase in phosphorus
impurity. An additional investigation was required to find out the cause of non-uniform distribution of
dark currents and to establish the optimal concentration of impurities, which would provide for a low dark
current with minimum spread. To study the effect of the surface resistance of the n*-layer on the concen-
tration of dislocations and their distribution, PDs were made with different duration of the predeposition,
accordingly, with different values of the surface resistance. To reveal the nature of the distribution of dark
currents on REs, defective crystals were studied using selective etching. It was established that conditions
for the occurrence of structural defects within one ingot may be different due to the spread of specific re-
sistance. The dependence of the dislocation density on the surface resistance after phosphorus diffusion
was studied. It was noted that REs of a high level of dark currents were characterized by an increased con-
centration of dislocations as compared to the characteristic density for good crystals at a given surface re-
sistance. The actual reasons for the dislocations distribution non-uniformity are the irregular distribution
of point defects generated during oxidation and the presence of microdefects formed during mechanical or
chemical-dynamic polishing. When locally increased numbers of growth defects and point defects acquired
during the mechanical, chemical or thermal operations are superimposed, critical faults and spread of dark

currents with maximum values are observed.
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1. INTRODUCTION

In the manufacture of electronic components of mi-
cron and submicron sizes, the most stringent require-
ments to structural perfection of both the source semi-
conductor material and the use production procedures
and techniques for making finished products, minimiz-
ing the formation of structural defects, are specified.

Silicon, due to its electrophysical, mechanical and
technological properties, remains the main material for
the production of the element base of modern electron-
ics. The ever-increasing requirements for the reliability
of the parameters of silicon structures call for the use
of not only new technologies, but also further experi-
mental and theoretical study of defect formation pro-
cesses. Such studies are needed, in particular, to in-
crease the reliability and stability of the parameters of
silicon photodetectors.

P-i-n photodiodes (PDs) are the most widely used
silicon photodetectors. The specific nature of the study
of defect formation processes and their influence on PD
parameters as compared with conventional PDs, is the
presence of the high-impedance i-region, in which pro-
cesses of recombination-generation of charge carriers
take place. On the one hand, the presence of the i-
region leads to an improvement in the injection coeffi-
cient in the p-i-n-structure, on the other hand, the
presence of increased defect concentration in the i-
region encourages the occurrence of additional recom-
bination-generation centers, thus photoelectric param-
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eters are changed and degraded. Also, the need to cre-
ate a shallow p-n junction in the p-i-n photosystem
gives rise to the problem of doping a very thin near-
surface layer of silicon, which can generate high me-
chanical stresses or high density of defects [1]. Accord-
ingly, due to the presence of a defective structure in the
form of clusters of structural defects or dislocations,
both in the i-region and surface n*- or p*-layers, deep
levels appear in the band gap of silicon, which causes
an increase in dark currents [2].

In the manufacture of silicon-based p-i-n PDs, it
was found that when there is an increase in the con-
centration of phosphorus in the n*-layer, the yield of fit
products significantly decreases. About 90 % of PD
defects were caused by the increase in the levels or the
spread of dark currents Isz of the responsive elements
(REs) of one PD, as far as the double spread of Is is
considered a defect. The rest is the lack of proper ap-
pearance. One of the reasons for the spread of Is may
be the non-uniformity of the resistance of the intercon-
nection between the REs and the guard ring (GR). This
parameter characterizes the resistance between the
active elements of the PD, a decrease in which level
often leads to an increase in Is. When measuring the
resistance of the interconnection, no scatter was de-
tected. Also, no visual defects that could affect dark
currents were observed on the surface of PD crystals.
Probably, the above occurrence might be caused by
non-uniform distribution of defects across the RE be-
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cause of the increase in phosphorus impurity. An addi-
tional investigation was required to find out the cause
of non-uniform Is distribution, and to establish the
optimal concentration of impurities, which would pro-
vide for a low dark current with minimum spread.

In technical literature and scientific publications,
the matter of the influence of phosphorus concentration
on the parameters of p-i-n PDs has not been studied,
and most of the works are devoted to solar cells. Thus,
[3] showed that the diffusion of phosphorus of a high
concentration into silicon made by the Czochralski
method leads to an increase in oxygen precipitates,
which in turn cause the non-uniform distribution of
microdefects and minority charge carrier lifetime (7). In
[4], the dependence of values and uniformity of the
distribution of 7 in silicon on the surface resistance of
the phosphorus diffusion layer was investigated, and
no-dependence in boron diffusion was shown.

Based on the above, the purpose of this article is to
study the effect of phosphorus concentration (surface
resistance) in the n*layer of a silicon p-i-n PD on the
formation of structural defects and their contribution to
the non-uniformity of dark current values.

2. EXPERIMENTAL

The research was carried out in the manufacture of
silicon four-element p-i-n PDs with a GR for operation at
supply voltage U, =120V and operating wavelength
Aop =1.064 nm. PDs were made on the basis of single-
crystal dislocation-free p-type silicon with resistivity
p~18 kOhm-'cm, minority charge -carrier lifetime
7=2ms and [111] orientation by diffusion-planar tech-
nology. The method of two-stage diffusion from planar
phosphorus sources was used to create REs and a n*-
GR. Imitially, the predeposition was carried out, i.e., a
short diffusion from an unlimited source at 7'=1323 K
in a nitrogen atmosphere, obtaining a thin diffusion
layer up to 1 pm in thickness in the substrate. Next, a
drive-in was performed at 7'=1423 K in an oxygen at-
mosphere, while the diffusion layer was already a source
of a limited concentration of impurities. After each of
these operations, the surface resistance Rs was moni-
tored by the four-probe method [5]. For convenience, it is
the surface resistance of the obtained samples to be
indicated in the description of the research, because this
parameter is most often used in practice.

To study the effect of the surface resistance of the
n*layer on the concentration of dislocations and their
distribution, PDs with different duration of the prede-
position, accordingly, different values of Rs were made.

Table 1 — Surface resistance values of PDs obtained at differ-
ent predeposition durations

Predeposition Rs, Ohm/o (after Rs, Ohm/o
duration ¢, min predeposition) (after drive-in)
60 3.1 1.9
50 3.3 2.1
40 3.7 2.4
30 4.1 2.7
20 5.4 3.3
10 8.4 5.0
5 12.7 8.1
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The Rs values of the obtained samples are given in
Table 1.

It should be noted that the dependence of surface
resistance on the duration of the predeposition is not
constant, as it may vary depending on the depletion of
planar sources, saturation of quartz reactors with
phosphorosilicate glass, carrier gas consumption and
other factors.

Dark currents Iz at the supply voltage Usp =120V
were monitored. The current density Js in nA/cm?2,
which was calculated by formula (1), will be indicated.

J,=—, 1)
T A

where Arg is the area of the RE.

To study the surface of crystals, selective etching
was performed in Sirtl's etchant of HF — 100 cm3, CrOs
— 50 g, H20 — 120 cm3 composition [6]. The duration of
the etching was 5 min. After the etching, the surface
was examined with optical microscopes at different
magnifications.

3. RESULTS OF THE RESEARCH AND THEIR
DISCUSSION

3.1 Influence of the Substrate Material
on the Formation of Dislocations during
Thermal Operations

It is known that silicon doping is one of the main
causes of structural defects, dislocations, in particular
[7]. It is the diameter of the introduced atoms different
from the diameter of the atoms of the substrate, being
responsible for the defects. In particular, the diameter
of a silicon atom is dsi=1.32-10- 1 m, while in phos-
phorus it is dp=1.28-10-19m [8]. Accordingly, when a
foreign atom of a smaller diameter (as compared to the
atoms of the matrix) is introduced, mechanical stresses
occur in the substrate, giving rise to compression de-
formations, which, in turn, contribute to the formation
of dislocations.

It should also be noted that the density of disloca-
tions in silicon wafers, formed as a result of the same
technological modes and operations (including the same
Rs after phosphorus diffusion), depends on the source
material: concentration of point defects, oxygen precipi-
tates, resistivity. Point defects and precipitates, in par-
ticular, become the centers of formation of dislocation
loops during heat treatment [7, 9]. Besides, with de-
creasing resistivity of the substrate material, mechanical
stresses in it increased, caused by the introduction of
impurities during the growth of the ingot. These stresses
cause compression or expansion deformations.

In this case, when the acceptor impurity is boron
with an atomic radius dp=0.87-10-1"m, p-type Si is
used [8]. Given that ds < dsi, compression deformations
e are formed in the silicon lattice, which can be repre-
sented by the following formula [7]:

g:_ﬁNA7 (2)

@ »

where the “—” sign means that the deformation is com-
pression; f1is the compression coefficient associated with
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the solubility of the impurity in the lattice, defined as a
change in the silicon lattice constant by 1 % of the intro-
duced impurity; Na is the impurity concentration.

Silicon ingots usually have a spread in resistivity Ap
at different ends [10]. Often this spread reaches
7-8 kOhm-cm, in the best case — Ap = 1-2 kOhm cm. In
this case, the wafers obtained from an ingot of p = 16-
20 kOhm-cm were used. From the formula of electrical
conductivity [11], according to (3), it is possible to ob-
tain limiting concentrations Na=7.8-101cm -2 and
Na=6.3 10 cm -3 for p-type material (with provision
for all acceptors are ionized at room temperature):

o=1/p=epu,, (3)

where ois the electrical conductivity; s is the mobility
of holes; e is the electron charge; and p is the concen-
tration of holes.

Given that the compression strains in Si are direct-
ly proportional to the impurity concentrations, it can be
seen that even within a single ingot, the conditions for
the occurrence of structural defects are different.

3.2 Influence of Phosphorus Diffusion on the
Formation of Structural Defects

Since structural defects affect dark currents, it was
decided to investigate the effect of the level of phospho-
rus doping on defect formation, in particular, disloca-
tions. The surface of the PD was treated with a selec-
tive etchant and examined with optical microscopes
(see Fig. 1).

It was noted that when impurity concentration de-
creases (surface resistance diminishes), the number of
dislocations increases. Samples of Rs= 8.1 Ohm/o and
Rs=5.0 Ohm/o, in particular, were characterized by
single or double dislocations. In this case, the density of

NS; =70-90cm-2 and = Ngisl
1.2-102-1.4-102 cm —2. Note that for the source wafers,
this parameter was Ngiis =5-15cm~2.

dislocations was

Samples with Rs = 3.3 Ohm/o were characterized by
clusters of 2-3 dislocations and the formation of disloca-
tion lines (DLs), which contained 2-4 dislocations
(Fig. 1a). The concentration of dislocations in this case
was Nj;g’ =2.510%2-3102cm~2.

Fig. 1b shows the PD surface with Rs= 2.7 Ohm/o
after selective etching. The figure shows the structure
of “short” dislocation lines, which consist of 2-5 struc-
tural defects. In this case, NE;Z =2.4-10%-2.6-10%3 cm —2.

For samples with Rs=2.4 Ohm/o, there was an in-
crease in the lengths of dislocation lines and the for-

Fig. 1—Image of the PD surface after selective etching: a)
Rs=3.3 Ohm/o; b) Rs=2.7 Ohm/o); ¢) Rs=1.9 - 2.1 Ohm/o
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mation of defective structures, which were a combina-
tion of DLs with mutual placement at an angle of 60°,
which is typical for the [111] orientation. The density of
dislocations was Ng;‘ =0.9-10%-1.4-10*cm -2,

With a further increase in the concentration of
phosphorus, there was an increase in dislocation struc-
tures and the formation of clusters of DLs, which were
local dislocation networks (Fig. 1c). Nuis values reached
N3l =410*-510*cm-2and N} =6-10%7-10% cm -2

According to the obtained values of the surface den-
sity of dislocations, a graph of Nuis = f(Rs) dependence
was made (Fig. 2).
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Fig. 2 — Graph of the concentration dependence of dislocations
on the surface resistance

3.3 Contribution of Dislocations to the Level of
Dark Current FDs

The presence of dislocations that are generation-
recombination centers (GRC) affects the generation
component of the dark current 146 [7]:

n.
I = eﬁWiARE , (5)
where e is the electron charge; ni is the intrinsic con-
centration of charge carriers in the substrate; <z> is the
average value of the lifetime of charge carriers; W; is
the width of the space charge region (SCR); Ark is the
RE area.

In the manufacture of PDs, monocrystalline p-type
silicon with resistivity p= 18 kOhm'cm was used,
which corresponds to the concentration of charge carri-
ers in the substrate n;= 7,7-1011 cm —3,

The width of the SCR can be determined by the
formula [12]:

o=

VVi _ [2850 (¢c _Ubias)J , (6)
eN,

where ¢ and eo are dielectric constants for silicon and
vacuum, respectively; . is the contact potential differ-
ence; Usigs 1s the bias voltage; N4 is the concentration of
acceptors in the substrate (assuming that at room tem-
perature all impurities are ionized, then n; = Na).

At Upias = 120 V, W; = 490 um. But in this case, sub-
strates with a thickness of about 440 um were used, so
taking into account the width of n*-p- and p*-p-layers,
Wi~ 430 pum.
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With increasing generation and recombination cen-
ters, <t> decreases, the value of which can be estimated
by the following formula [13]:

3
e} = 8RN0 @

where Ro is the radius of the SCR of the dislocation; v
is the average relative (relative to the center of recom-
bination) velocity of thermal charge carriers, which is
equal to v =1.56-10°% m/s.

The radius of the SCR of the dislocation according
to [7] is defined as:

Rl o ’ (8)
¢\ me(Np-N,) )’

where fo is the Fermi distribution function; 7 is the
mathematical constant; ¢ is the distance between the
broken valence bonds (c=3.3410-19m for edge dislo-
cations in silicon [7]).

The function fo can be determined from equation [7]:

1
1+exp [LDk}EF j

where Ebp is the energy level of the dislocation; EF is the
Fermi level; k is the Boltzmann constant; T is the tem-
perature.

If we calculate <z> for the level Ep= (E,+ 0.6) eV
[14] at the studied Rs and according to Ndis, we can see
that at Nais <3:102 cm 2 reduction of the lifetime of
minority charge carriers does not occur, and the dislo-
cation density reaches the initial value before heat
treatment. To estimate <z> for different Nais, a calcu-
lated graph of the dependence <7>(Vgis) is obtained
(Fig. 3).
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Fig. 3 — The calculated graph of the <z> dependence on Nuis

The graph of the 146 dependence on Nuis is also ob-
tained (Fig. 4). When calculating the generation com-
ponent of the dark current, it was seen that at
Nuis =2.6:103cm ~2, which corresponds to
Rs=2.7 Ohm/o, 146 =0.42 nA, and at Ngis=1.4-104cm~2
(Rs=2.4 Ohm/o), the contribution to the I4¢ reaches
about 2 nA. Accordingly, when Nugis> 10%cm~-2, the
contribution of dislocations to the level of the genera-
tion component of the dark current becomes significant.

J. NANO- ELECTRON. PHYS. 14, 04015 (2022)
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Fig. 4 — The calculated graph of the I;6 dependence on Nuis

Note that the calculations described above were
performed in the approximation that the dislocations
are uniformly located in the high-impedance region,
and not only in the n*-layer. In real crystals, structural
defects caused by the diffusion of impurities are located
in the doped or adjacent areas. Although we studied
the depth of dislocations by layer-by-layer etching of
plates with subsequent selective treatment, we found
the presence of dislocations at a depth of 20-30 um and
a thickness of the diffusion layer of phosphorus of 4-
5 um (further etching was not performed).

The presence of dislocations also affects the surface
generation component of the dark current Igs«/ [12]:

_ eNssUdriﬂ O_ssAp—n (10)
2 b

where oss 1s the capture cross-sectional area, oss = 10-15
cm?; N is the density of surface states; Ap-» is the area
that contributes to the surface component of the dark
current, Apn = 1.225-10 -3 cm?2.

If, according to (4), we calculate the contribution of
the dislocation component at Nss = Nais, we see that at
N2 =6:104-7-10% cm ~2, Igswf = 1-10-25 A. Accordingly,
the contribution of dislocations to the surface compo-
nent of the dark current is much smaller than to the
generation component. But on the surface of real plates
there are not only dislocations, but also other genera-
tion and recombination centers, in particular point

defects, the density of which can vary between 1010-
1013 em -2 [7].

3.4 Spread of Dark Current Levels Across the
RE and Dislocations

Depending on the obtained dark current and re-
sponsivity values, the level of surface resistance Rs=
2-3.5 Ohm/o is usually employed in technology of sili-
con p-i-n PDs (to visualize, formation of dislocations at
Rs=38.1/56.0 Ohm/o is given [12]).

In commercial production of p-i-n PDs, it was ob-
served that when the surface resistance decreased from
Rs= 3-3.5 Ohm/o to Rs = 2.2-2.4 Ohm/o, the percentage
of good-to-bad responsive crystals yield dropped signifi-
cantly: from ~ 70 % to ~ 55 %. Moreover, as it was men-
tioned above, about 10 % was the reject in external
appearance, all the rest — in the spread of dark current
levels of a PD RE. The above phenomenon was ob-
served with no evident spread of interconnection re-
sistance of the responsive areas and the GR or given
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the visual defects, which could be the cause of these
faults.

The total level of dark currents decreased about 1.5
times, and the spread of levels in good products
reached 10-20 % as compared to 50-70 % for PDs with
Rs=3-3.5 Ohm/o. After conducting experimental
batches with Rs=1.9-2.4 Ohm/o, it was noticed that
the Is levels in these cases do not differ, but when Rs
decreases, the percentage of defects in the failure of one
area grows and is more pronounced (spread of Iz values
by 20-30 times) (Table 2).

In samples with Rs=2.7 Ohm/o, with a slight in-
crease in Ig levels relative to PDs with Rs=1.9-2.4
Ohm/ao, the incidence of a RE rejected is much lower
(percentage of good-to-bad crystals yield ~ 65 %) and is
characterized mainly by 2-3 times spread in REs.

To determine the nature of this type of defects,
faulty crystals were examined using selective etching.
It was noted that REs of a high level of Iz were charac-
terized by an increased concentration of dislocations as
compared to the characteristic density for good crystals
at a given Rs.

The first admissible reason for the spread of dark
currents or the distribution of dislocations is non-
uniform diffusion from planar sources of phosphorus.
To determine the uniformity of distribution of the sur-
face resistance, a control process is carried out before
the introduction of the sources. Fig. 5 represents the
characteristic result of the process. It can be seen that
Rs non-uniformity is minimal.

Table 2 — Characteristic values of Js of defective samples due
to failure of one RE

Rs, Ohm/o Ja, nAlem?

9.7 106.8 109.6 123.3 274.0
268.5 120.5 93.2 106.8

94 79.5 90.4 383.6 84.9
882.2 90.4 87.7 87.7

91 90.4 82.2 2082.2 79.5
90.4 87.7 821.9 95.9

19 3013.7 93.2 90.4 84.9

) 76.7 90.4 6027.4 87.7

Fig. 5 — Distribution of surface resistance across silicon
wafers after phosphorus predeposition

The actual reasons for dislocations distribution non-
uniformity may be the irregular distribution of point
defects generated during oxidation and the presence of
microdefects formed during mechanical or chemical-
dynamic polishing (Fig.6). Accordingly, these
phenomena are manifested to a greater extent at high
impurity concentrations and contribute to the increase
in dark currents by decorating dislocations with
impurities or creating additional energy levels in the
band gap.

J. NANO- ELECTRON. PHYS. 14, 04015 (2022)

An increase in the probability of the occurrence and
nature of Iz spread may be caused by growth in the
capture cross-sectional area of the dislocation when
phosphorus concentration increases. That is, as the
impurity concentration increases, not only Nugs, but
also oss grows. After all, the physical content of oss is
the outer area of the cylindrical SCR formed around
the dislocation, the length of which grows with an
increase in the impurity concentration due to the gain
in the amount of mechanical stresses.

The non-uniformity of Is disribution across the RE
may be also caused by point defects disposition in the
bulk of the ingot, and, accordingly, in the bulk of the
wafer, created in the process of growth (growth

defects). The location of these defects is often a spiral —
the so-called swirl-distribution (Fig. 7). Colonies of
point defects with a swirl distribution can cross the
entire ingot [7]. These defects may be the centers of
dislocations origin.

Fig. 6 — REs of defective crystals Fig. 7 — Complexes of swirl
with non-uniform distribution of defects

Probably, when locally increased numbers of growth
defects and point defects acquired during mechanical,
chemical or thermal operations are superimposed,
critical faults and spread of dark currents with
maximum values are observed.

4. CONCLUSIONS

1. Silicon quadrant p-i-n  PDs with different
concentrations of diffused phosphorus in the n*-layer
were fabricated, and the formation of dislocations at
different concentrations and their effect on dark
currents were studied.

2. The density of dislocations in silicon wafers,
formed as a result of the same technological modes and
operations (the same Rs after phosphorus diffusion, in
particular), depends on the source material: the
concentration of point defects, the presence of oxygen
precipitates, resistivity.

3. Due to the discrepancy of the resistivity along the
length of the ingot, the conditions of structural defects
are different.

4. When phosphorus concentration increases, the
number of edge dislocations grows.

5. When calculating the generation component of
the dark current, it was seen that at Nais = 2.6:103cm -~
2, which corresponds to Rs=2.7 Ohm/o, 146G = 0.42 nA,
and at Nais = 1.4:10* cm 2 (Rs = 2.4 Ohm/no), the contri-
bution to the I4C¢ reaches about 2 nA. Accordingly, when
Nuais > 10* cm ~2, the contribution of dislocations to the
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level of the generation component of the dark current
becomes significant.

6. The contribution of dislocations to the surface
component of the dark current is calculated, and it is
shown that the contribution of dislocations formed in
good crystals due to phosphorus diffusion even at
Rs=1.9 Ohm/o (N;‘f: =6-10%7-10%) is negligible and
reaches the order of 10-25 A.

7. It is shown that the reason for a significant
spread in the dark current levels is the non-uniform
distribution of dislocations over the wafer.

8. The reasons of non-uniform distribution of
dislocations are non-uniform distribution of point
defects generated by oxidation and the presence of
microdefects formed during mechanical or chemical-
dynamic polishing, as well as the heterogeneity of point
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YTBOpEeHHa AuCIIOKAaIiil mpu JieryBauHi pocopom B TexHOIOTII KpeMHieBux p-i-n poromionin
Ta IX BILIMB HA TEMHOBI CTpyMHU

M.C. Kyrypynssak

HKE Pumwm, eyn. T'onosna, 244, 58032 Yepnisui, Yipaina

IIpu BuroroBsensi p-i-n doroxionis (OJI) Ha 0CHOBI KPEeMHIO P-TUITY IIPOBIIHOCTI BCTAHOBJIEHO, III0 IIPK
30imbreHH] vacy audysii docdopy CyTTeBO 3HMMKYETHCA BIACOTOK BHMXOAy IpumaTHux BupoOiB. o 10 %
cKJIazae Opak IO 30BHINIHBOMY BHUIJISLY, PEIITa — II0 PO3KUIY PIBHIB TEMHOBHX CTPYMIB (QOTOUYTIMBUX
enemeHTiB (DUYE) ogroro ®JI. IMoBipHOI HIPUYMHOIO OIMMCAHOTO MIr OyTH HEPIBHOMIPHMM PO3IIOMLI meder-
TiB mo OYE, cuprunzenuit 30iIbIIeHHAM KOHIIeHTpAIlil gomimku dgocdopy. Januit dpart morpedysas momaa-
TKOBOTO JOCJIIKeHHS JIJIsi BUSHAYEHHS IPUYMHU [IOSIBM HEPIBHOMIPHOIO PO3IOIIY TEMHOBUX CTPYMIB Ta
BCTAHOBJIEHHS] ONTUMAJIBHOI KOHIIEHTPAITl JOMIIIKY, gKka 6 3abe3medyBasia HU3bKUI TEMHOBUU CTPYM IIpU
MiHIMaJIbHOMY po3Kual. JJis JociipReHHST BIUIMBY IIOBEPXHEBOIO OIOPY n*-IIapy HA KOHIIEHTPAIIIIO JIFCIIO-
Karii Ta ix po3nomia 6yso surorosiero OJI i3 pisuoo TpuBasicTo gudys3ii docdopy, BIAIOBIIHO 13 pidHUM
3HAYEHHSM II0BEPXHEBOTrO or1opy. J[Jis BUSABIEHHS IPUPOAN PO3KUAY TEMHOBHUX CTPYMIB IO (DOTOUYTIIMBHX
eJIeMeHTaX, OpaKOBaHI KPHCTAIU JOCIIPKYBaJIMCh 13 3aCTOCYBAHHSAM CEJIEKTUBHOIO TPaBJIEHHS. BcTaHOB-
JIEHO, 1[0 YMOBY BUHUKHEHHS CTPYKTYPHUX JeeKTiB B MekKaX OJHOTO 3JIUTKA MOKYTh OyTH HEOJHAKOBI 3a
PaxyHOK PO3KHJIY IIUTOMOTO OTopy. J[OC/TiIskeHO 3aJIeKHICTh IYCTUHU JUCJIOKAILHM BiJl IOBEPXHEBOTO OIIOPY
micsist iudy3ii hocdopy. AHATITHYHO BUPAXyBaHO BHECOK JUCJIOKAIIN B reHepaIlifiHy Ta [I0BEPXHEBY CKJIa-
I0B1 TeMHOBOrO cTpymy llobaueno, mo OYE, skl Booq/M IMABUIIEHUM PIBHEM TEMHOBOTO CTPyMy, Oyiia
IpUTAMAHHA IIIIBUIICHA KOHIEHTPAIA JUCIOKAIIN MOPIBHAHO 13 XapaKTEePHOIO I'YCTHHO OIS MPUIATHAX
KPHCTAJIIB IPU JAHOMY HOBEpXHEeBOMY omopi. DakTUYHNMY NPUYMHAMY HEPIBHOMIPHOCTI POSHOLLIY JHCIIO-
Kalliil € HepPiBHOMIPHICTD POSIIOALIY TOYKOBUX Ie()eKTIB, 3T€HePOBAHUX IIPH OKMCJICHHI Ta HAABHICTH MIKPO-
nedeKTiB yTBOPEHUX IIiJ] Yac MEeXaHIYHOI0 YK XIMIKO-IAHAMIYHOIO IMOJIipyBaHHA. [Ilpn HakIagaHH] JIOKaJIb-
HO INJIBUIIEHOI KiJIBKOCTI «POCTOBUX» Ne(EKTIB Ta TOUKOBUX MedeKTiB, HAOyTHUX y IIpollecl MeXaHIYHMUX, Xi-
MIYHHMX Y¥ TEPMIYHUX OIEepPAallii, CIIOCTEePIranThca KPUTUYHI HECIIPABHOCTI Ta POSKHUAM TEMHOBHUX CTPYMIB 3

MaKCHUMaJIbHUMH 3HAYEeHHAMMN.

Kmouori cmosa: @oromion, [ToBepxuesnii omip, Temuosuit crpym, Jlucoorarris.
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