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ABSTRACT

At present, the accumulation of structural defects and the processes of transition of crystalline
silicon to the amorphous state are well studied in [1, 2]. It is established by various physical
methods that when ions are implanted in silicon, a large number of vacancy clusters are formed
and when fully amorphous, their concentration reaches 3.2-1020 cm3. Various mechanisms have
been used to explain this effect: diffusion-coagulation in [3], the result of the accumulation of
defects up to the limit concentration in [4], etc. In most of the proposed mechanisms,
amorphization is mainly associated with point defects. However, due to the high mobility of the
interstitial atoms, the burning of vacancies is more pronounced than the formation of vacancy-
type clusters with a concentration of ~1020 cm3,
In [5] analyzed the results of experimental and theoretical research and proposed a new
mechanism to explain the amorphization of silicon crystal in ion implantation. According to this
mechanism, the curvature of the amorphous phase occurs in a disordered area, in which the
inelastic energy loss of ions and the formation of point defects do not play a significant role in
the amorphization process. Based on this mechanism, it was calculated that the critical dose of
silicon amorphization depends on the energy and mass of the light ions being implanted.
In [6] show that the transition dose(TD) of a3 a quartz crystal is determined by the following
formula:
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where k=1,5+2,5 — is the coefficient taking into account the interference of the disordered field
(DF) and the return of ions from the crystal surface, the average energy of the "hot atoms" in
erDF is (g =2 eV), the effective cross-sectional area of elastic scattered ions with energy
4M, M X
transfer from ozy — 103 eV to E, = ﬁ E to energy, M;, M- are the masses of ion and
1 + 2

target atoms, Eay 1s the average energy transferred when ions collide with the target atom and
used to form DF.

In ion implantation, the amorphization of a-quartz consists of two stages: a-f — transition and

amorphization in [6].
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In the a-# — transition, the vacancies in TD almost “disappear” due to the expansion of the
crystal lattice parameters, while the emitted “hot atoms” do not have time to move away from
this field and settle in adjacent crystal lattices under high voltage. As the compressed substance
expands, the elastic energy obtained in the compression is transferred to the kinetic energy of
the atom. Therefore, the pressure in the disordered field that occurs in the S-phase field
increases strongly. In this case, the number of "hot atoms" diffusing from the expanded
disordered area increases, ie the concentration of "hot atoms" in the disordered area decreases
by ~10+14 %.

The entry of large numbers of ‘hot atoms’ into the f-phase crystal cell and the occurrence of
high pressure leads to the formation of an ‘amorphous layer’ around the DF. Then the atoms
attached to them from DF also do not have a definite structure, i.e. they are amorphous.

If the interference of DF is taken into account, the amorphous dose of quartz is about 2-3 times
higher than the a-f —transition dose. The amorphization of silicon is a much more complex
process than the phase transitions in a-quartz and depends on the energy, mass, ion current
density, target temperature, etc. of the ions. depends on a number of factors in [1-5].

This difference is mainly due to the mobility of the silicon interatomic atoms. When the mobility
of the intergranular atoms is not very large, that is, when ions are implanted at low
temperatures, the amorphization of silicon takes place approximately the same as in a-quartz.
Therefore, the critical dose of silicon amorphization at low temperatures is determined by the
following expression:

2KE
¢Kp = O_E 2 ) (2)

p

It can be shown that the average energy of ions transmitted to the surface of the elastic

scattering section and to the target atoms is determined by the following expressions:
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a, =0,47-10% cm —In the Thomas-Fermi model, the characteristic size of the atom, Z;, Z2is the

sequence number of the ion and the target atom, the number of atoms in the substance N —1
sm3, the “threshold” energy of TS formation for a silicon crystal E, = 103 eV.

In [7] studied the structure of a silicon crystal with implants of H*, He*, B*, N*, Ar* ions with
an energy of 100 keV in the dose range 1014+1017 ion/sm?2. It was found that the critical dose of
silicon amorphization decreases with increasing mass of bombing ions (from ~1017 ion/sm? to
H* to 5-104ion / sm2 for Ar+).

The authors established that when light ions are implanted, two types of local disordered areas
occur simultaneously: amorphous and strongly disordered, but still retain their crystalline
structure. When the concentration of “defective crystal spheres” reaches a certain critical dose
as a result of subsequent irradiation, such spheres rapidly transition to the amorphous state.
Thus, the experimental results confirm that the amorphization of silicon in the implantation of
light ions also consists of two stages: the accumulation and amorphization of TSs of the type
“defective crystal spheres”.

Table 1 shows the critical doses ¢,, of silicon amorphization at low temperatures for light ions.

In addition, experimental values of the silicon amorphization dose determined by the EPR study
method are also given.
The critical dose @i of silicon amorphization was assumed to be k = 2 when calculated by the
formula (2). The table shows that the critical dose @z of silicon amorphization increases with
increasing ionic energy and decreases with increasing ionic mass.
As can be seen from the table, the calculation results at low temperatures are well consistent
with the experimental results. As the ion energy increases, the adaptation deteriorates.
In our opinion, the increase in the critical dose of amorphization is associated with the following
cases: first, one of the main conditions of the phase transition (i.e., amorphization of silicon) is
a decrease in density (volume expansion) of the substance in the ion implanted layers of the
crystal. As the depth of penetration of the ions increases (i.e., as the energy E increases), the
dose required to expand the surface layers also increases. Second, during the implantation of
light ions, “burning” of TD-type “defective crystal areas” occurs (i.e., TDs are disrupted by the
formation of point defects). As the energy of the ions increases, the probability of “burning of
TDs” increases.

Table 1. Critical doses (~100 K ) @i of silicon amorphization for light ions at low

temperatures. (10 5@k, ion/sm?2 units)
Energy H* He* Lit
Ha3 masic Ha3 HA3 maosic
B xob o P 1) o o P T8]
200 35,6 7,36 3,25
180 34,1 7,14 3,14 ~6,0
150 31,7 6,55 2,92 -
100 26,9 ~100 5,46 2,48 45
80 24,6 - 5,06 2,26 42
60 22,0 4,40 1,98 2.8
40 19,5 3,84 1,71 -
20 14,6 2,98 1,35 1,60
10 - 2,11 1,14 -

17



- O T E —— - P

g -
GALAXY INTERNKTIONAL INTERDISCIPLINARY RESEARCH J m{NAL (GIIRJ )

-ISSN (E): 2347-6915
Vel. 9, Issue-10, Oct. (2021)

REFERENCES

1) PagmammonHbIe 3¢(peKTH B IOIYIPOBOAHUKAX, cO. mmof pex. mpod. JI. C. CmuproBa, HoBocubpcek, mam-
Bo «Hayxa», 1979, c. 224.

2) Apanosa E. K., I'yces B. M., Xaitoysuma 1. B. @TII, 9, 163, 1975.

3) Mopozos H. II., Terennoaym JI. U. ®TII, 14, 934, 1980.

4) Hywroscknii I1. B., Creasmax B. @., Traues B. J[. ®TII, 12, 1812, 1978.

5) Yarkulov U. Crust. Latt. Def. and Amorfn. Mat., v. 13, 305, 1987.

6) Aprymnos V. IKTO, T.54, T11, c.2222, 1984.

7) Tycer B. M., Maptraenko IO. B., Crapunun K. B. «Kpucramtorpadgpus», T.14, N6, ¢.1050, 1969.

8) Dennis J. R. and Hale E. B. J. Appl. Phys., v.49, N3, p.1119, 1978.

9) Brittain H.G. Effects of mechanical processing on phase composition. J Pharm Sci. 2002;

10) Willart J.F. Descamps M. Solid state amorphization of pharmaceuticals.

11) Mol Pharm. 2008

12) Caron V. Tajber L. Corrigan O.I. Healy AM. A comparison of spray drying and milling in the
production of amorphous dispersions of sulfathiazole/polyvinylpyrrolidone and sulfadimidine/
polyvinylpyrrolidone. Mol Pharm. 2011.

13) Bhugra C. Pikal M.J. Role of thermodynamic, molecular, and kinetic factors in crystallization from
the amorphous state. J Pharm Sci. 2008;

14) Lefort R. De Gusseme A. Willart J.F. Danéde F. Descamps M. Solid state NMR and DSC methods
for quantifying the amorphous content in solid dosage forms: An application to ball-milling of
trehalose. Int J Pharm. 2004;

15) Qi S. Weuts I. De Cort S. Stokbroekx S. Leemans R. Reading M. Belton P. Craig D.Q.M. An
investigation into the crystallisation behaviour of an amorphous cryomilled pharmaceutical material
above and below the glass transition temperature. J Pharm Sci. 2010;

16) Feng T. Bates S. Carvajal M.T. Toward understanding the evolution of griseofulvin crystal structure
to a mesophase after cryogenic milling. Int J Pharm. 2009.

18



