
 

 

241 
 

Секция 4. Пучковые методы формирования наноматериалов и наноструктур 

 
10-я Международная конференция «Взаимодействие излучений с твердым телом», 24-27 сентября 2013 г., Минск, Беларусь 

10th International Conference “Interaction of Radiation with Solids”, September 24-27, 2013, Minsk, Belarus 

PROBLEMS OF CREATION AND MODELING  
OF ELIONIC-INDUCED NANOSTRUCTURES  

 
P.P. Trokhimchuck1), M.I. Makoviychuk2), I.P. Dmytruk1) 

1)Department of the Theoretical and Mathematical Physics, Lesya Ukrayinka East European National 
University, Voly av. 13, Lutsk, Ukraine, 43 025 

2)Yaroslavl Branch of the Institute of Physics and Technology of RAS, Yaroslavl, Russia 
Phone: 38-033-2249261, e-mail: trope@univer.lutsk.ua; trope53@yahoo.com; trope@yandex.ru 

 
Problems of creation and modeling of elionic-induced (ion, electron and laser) nanostructures are analyzed. These prob-

lems are connected with creation subsurface surplus regions of electrical charge (positive for ions and negative for electrons 
and laser). Dose and type of irradiation influences on the formation nanostructures are researched. Problems of creation super-
structures of various natures are discussed. Difference of physical mechanism of creation structures with help various type of 
irradiation is analyzed. Possible applications of proper type of irradiation and receiving structures are represented too.  

The comparative analysis these results with experimental data is represented and discussed. The good concordance of ex-
perimental and theoretical data was received. 

 
Introduction 

Problem of creation homogeneous stable surface 
nanostructures is very important for minituarization of 
elements of optoelectronic systems. Application eli-
onic methods for the resolution of this problem are 
one of perspective direction of researches. We must 
use irradiation, which is absorbed in surface and 
subsurface of irradiated matter. This condition is sat-
isfied ion implantation, electron and laser irradiation.  

Mechanisms of absorption of these three types of 
radiation are various, but all types of radiation may 
be used for the creation of nanostructures. Ion and 
electron generated nanostructures are homogeneous 
[] for the proper regimes of irradiation. Laser induced 
nanostructures have various forms in dependence 
from polarization of falling radiation.  

General peculiarity of creation of nanostructures 
for all types of radiation is creation of surplus charge 
in subsurface irradiated region. Creation and redistri-
bution of charge is caused a diffusion of surplus 
charge in volume and surface of irradiated matter. 
Surface diffusion is caused the creation of nanostruc-
tures. This phenomenon may be represented as 
"electromagnetic" deformation of irradiated surface 
too. 

For receiving ion-implanted generated nanostruc-
tures next regimes of irradiation are used: density of 
current ~0,1 mA/cm2, dose 1017–1018 ions/cm2, en-
ergy of ions 40–100 keV [1–7]. 

Regimes of electron-beam radiation are next: 
dose of 1021–1023 electrons/cm2, energy of electrons 
102–103 keV [8,9]. 

Relief and type of laser–induced nanostructures 
are depended from polarization, intensity and time of 
irradiation [10-16]. The problem of cascade satura-
tion of excitation (multiphoton absorption) has deci-
sive role for the formation stable nanostructures.  

  
Modeling and experimental data of creation 
elionic-induced nanostructure and its  
discussion  

First Ruby laser induced nanostructures (micro-
graph of interferograms) on {100} face of a germa-
nium sample were received by M.Birnbaum in 1965 
[17]. This intreferogram is represented on Fig.1. This 
micrograph is corresponded of linear polarization of 
falling radiation.  

 
 

Fig. 1. Photomicrograph of Ruby laser induced surface 
damage of {100} face of a germanium sample [17] 
 

Case of irradiation with circular and elliptic polari-
zation is cause the generation nanohills for nanosec-
ond regime of irradiation and nanocolumns for the 
femtosecond regime of irradiation. Typical nanostruc-
tural picture for femtosecond regime of irradiation 
with elliptic polarization is represented on Fig.2. Cir-
cle and elliptic polarization is optimal for the creation 
homogeneous distribution of surface nanostructures. 

 

 
Fig. 2. Surface nanocolumns of little scale, which have 
orthogonal orientation to a crests of nanorelief of large 
scale [14, 15] 
 

Nature of creation laser-induced nanostructures 
is caused with intensity of generation surplus charge 
in irradiated subsurface region of matter. Therefore 
for nanosecond regime of irradiation we have nano-
hills with height 15–20 nm (Fig.3), but for femtosec-
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ond regime of irradiation we have nanocolumns with 
height 350 – 400 nm [14] (Fig.4). 

 
 

 
Fig. 3. AFM 3D images of: (a) SiO2 surface after irradiation 
of SiO2/Si structure by second harmonic Nd:YAG laser at 
I=2.0 MW/cm2 and (b) Si surface after subsequent removing 
of SiO2 by HF acid [12]  
 

 
 

Fig. 4. Nanocolumns, which are generated after irradiation 
structures of Fig. 4.14, (wavelength of irradiation 800 nm, 
number of pulses – 200, density of energy of irradiation 0,5 
kJ/m2): a) and b) turn of polarization on 90, c) turn of po-
larization on 90, d) cross chip of nanocolumns. On inser-
tion to Fig. 4a – Fourier-picture of structures [14] 

 
It may be explained on the basis of various inten-

sity of generation negative charge in subsurface irra-
diated region. For nanosecond regime of irradiation 
intensity of this generation is lesser as for femtosec-
ond regime of irradiation. Thermal (relaxed proc-
esses) are caused the reversion of irradiated region 
to initial state. 

Ion implantation of ion s Si with energy 140 keV 
and doses from 3,3·1016 cm-2 to 1017 cm-2 allows to 
receive the silicon nanocrystals in SiO2 layers with 
depth 0,6 μm [6]. Share related atoms and silicon 
clusters with proper sizes in a dose-silicon on the 
results of the numerical simulation are shown in Fig-
ure 5. Theoretical estimations were realized with help 
Monte Carlo method [6]. 

Surface nanostructures may be received with 
help ion implantation with dose ~1018 cm-2 of crys 

 
Fig. 5. Share related atoms (a) and silicon clusters with 
sizes to 10 atoms (b), to 25–30 atoms (c) and 95–100 at-
oms (d) in a dose-silicon on the results of the numerical 
simulation [6] 
  
tals. It may be homogeneous nanostructures (for 
example, ion implantation Si ions in silicon crystal) 
and heterogeneous nanostructures (for example, ion 
implantation aluminium in titanium [3]). In this case 
we have surface swelling, which is caused of surplus 
of positive charge and, as result it is caused the 
change of chemical and structural characteristics of 
irradiated matter [3]. Dose 1,8·1018 cm-2 is the critical 
for ion implantation ions Al in Ti (70 percents alumin-
ium in subsurface region [3]). For ion implantation 
ions Al in Ni with doses from 1017  to 1018 cm-2 next 
compounds are synthesied in subsurface region: 
NiAl3, NiAl, Ni2Al3 and Ni2Al18O29 [3]. For dose of 
irradiation to 1018 cm-2 phase transition was ob-
served:  concentration of NiAl3 is increased and con-
centration of Ni2Al3 is practically unchanged [3]. 

Surface nanostructures and superlattices may be 
created after electron beam irradiation too [8, 9].  

Basic difference between various regimes of 
creation of nanostructures is next. For laser and 
electron beam irradiation basic role of the creation 
nanostructures irradiated surface with surplus charge 
have intensity of creation this region. It is caused the 
swelling of surface and creation of nanostructures. 
For these regimes of radiation it is second-order 
phenomena. But for the case of laser irradiation con-
clusive influence on finished processes have polari-
zation of irradiation. So for the circular and elliptic 
polarization the critical laser irradiation is caused the 
generation homogeneous nanostructures with equi-
valence sizes. It is caused of vortical nature of irradi-
ation. Circular or elliptic polarized irradiation is gen-
erated cylindrical surface polariton-plasmons and 
proper plasmic waves [11,13–15]. Creation of plas-
mic waves is caused of doubling of periods of laser-
induced interferograms [14,15]. It was modeling with 
help Feygenbaum dynamics [10,14,15]. It may be 
represented as structural generation of second 
"plasmic" harmonic and its freezing in irradiated ma-
terials. Thus in this case we have influence of 
nonlinear optical phenomena on the creations of la-
ser-induced transformations in irradiated matter. 

Laser-induced nanohills and nanocolumns may 
be have various stehiometry and structure. These 
characteristics are changed in height of our nanohills 
and nanostructures [15,16]. Physical and chemical 
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modeling of possible stehiometric and structural laser 
induced transformations in InSb, Si, Ge and allo-
tropic phase of carbon are represented in [15,16]. 
Was shown that transitions graphite-diamond and 
diamond-graphite, amorphous silicon–crystal silicon 
and cryatalsilicon–amorphous silicon are possible for 
various regimes of irradiation [10,15,16]. This theory 
allows determine microscopic physical properties of 
laser-created nanostructures. Knowledge of real 
structures of created nanostructures opens new per-
spectives for the creation of new devices of modern 
nanoelectronics and nanooptoelectronics. So, we 
can receive devices with heterostructural properties 
for each nanohill or nanolumn in height. This nanos-
tructures may be used as optical elements (active 
laser, amplifier nonlinear optical media) and as elec-
tronical elements (p and n semiconductors, metals 
insulators and other). 

Regimes of laser radiation may be used for the 
renewal of elements of electronic and optoelectronic 
systems in architecture,  art and other materials. 

For the ion implantation temporal characteristics 
of irradiation aren't important as for laser irradiation. 
Basic role for the swelling of surface and creation of 
nanostructures has integral dose of ions [3–7]. So, 
pulse regimes of ion implantation are caused the 
self-annealing of irradiated materials [5]. Therefore 
we must select temporal characteristics of ion irradia-
tion for the creation proper nanostructures. 

For the creation volume nanostructures we must 
use the irradiation with ions with more large energy 
in the regime of channeling and laser radiation with 
small absorption in the regime of self-focusing and 
self-channeling. Volume nanostructures may be cre-
ated with help of effects long-range actions (acoustic 
waves and other [1–7]) too. 

These methods of elionic-induced transforma-
tions may be used together. For example, ionic im-
plantation or electron beam irradiation may be used 
for the creation nanostructures, and laser irradiation 
– for the correction including and receiving of fin-
ished nanostructures, including adjustment of nanos-
tructures to the proper physical and structural proper-
ties. 
 
Conclusions 
1. Problems of creations of elionic-induced nanos-

tructures are discussed. 
2. Questions of generation of ion-implanted surface 

and volume nanostructures are analyzed. 
3. Basic peculiarities of creation laser-induced sur-

face nanohills and nanocolumns (interferograms) 
are represented. 

4. Some questions of creation electronic-induced 
nanostructures are discussed. 

5. Comparative analysis of three methods (ionic, 
electron and laser) of creation the nanostructures 
is represented. 

6. The ways of united these methods for the creation 
new technologies of receiving proper nanostruc-
tures are discussed.  

7. Problems of possible perspective applications 
elionic-induced nanostructures are discussed too. 
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