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Abstract 

Main peculiarities of generation and modeling of laser-induced films are 

discussing. This problem is connecting with problem of phase 

transformations. Difference mechanisms of generation surface and subsurface 

laser-induced structures are analyzing. Roles of regimes of irradiation 

(saturation of excitation, geometrical sizes of irradiation zone, temporal 

characteristics) on formation corresponding structures and geometrical form 

of substrate are shown. So, the surface laser-induced structures are represented 

of indium antimonite, indium arsenide, silicon and germanium structures, 

which are received after irradiation of nanosecond pulses of Neodimium laser 

and nanosecond and millisecond Ruby laser. Volume structures are 

represented for femtosecond pulse laser irradiation of silicon carbide and 

nanosecond pulse CO2-laser irradiation of potassium chloride. Two various 

models allow to explain these results. Some problems of application these 

results in modern optoelectronics in more wide sense (including other methods 

of receiving black silicon and other nanostructures) are discussing too. 

Keywords: Laser, thin films, relaxed optics, indium antimonite, silicon 

carbide, chain processes, black nsilicon 

Introduction 

The problem of using the lasser radiation in technology of thin films may 

be classifing in next time [1- 33]: 

1. Using the laser radiation for sputtering of irradiated material and 

applying it to a suitable substrate in a vacuum. The thickness of the 

applied film depends on the intensity and time of irradiation. The 

process itself has an orientation character [1-11, 15-19]. 

2. Laser implantation, that is, a change in the physical parameters of the 

irradiated material in the near-surface area, although volume changes 

can also be obtained [1-4, 12-14, 20-28, 33]. 
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3. Other various complex treatments, including laser annealing of ion-

implanted layers of semiconductor materials, photolithography, etc 
[15, 16, 29-32]. 

For all these three cases, we must take into account the physical and 

chemical aspects of the interaction of laser radiation with matter. 

Hererostructures of laser-sprayed cadmium sulfide on black silicon [7, 17] 

and copper sulfide also on black silicon [7, 18] were analyzed. Black silicon 

itself was obtained by physical and chemical methods. It is shown that the 

sputtering profile of these materials resembles the profile of black silicon. The 

problem of formation of laser-induced support centers in indium antimonite is 

considered [4, 25, 33]. Based on the two-dimensional lattice of sphalerite for 

indium antimonide, a cascade model of the excitation of the corresponding 

number and type of chemical bonds was constructed, which satisfactorily 

explains the observed results. In addition, based on this, a model is proposed 

that explains the influence of reirradiation and reabsorption processes on the 

distribution of donor centers in indium antimonide and on the shape of their 

distribution profiles [1-4, 33]. 

The formation processes of laser-induced urchin-type surface structures 

on silicon [12-14, 24] are also explained on the basis of a cascade model of 

excitation of the corresponding number of chemical bonds (coordination 

numbers) in the regime of saturation the excitation based on the phase diagram 

of silicon. It is shown that this process depends on the integral photon 

efficiency, and upon irradiation with nanosecond pulses of an excimer laser is 

more effective than when irradiated with femtosecond laser pulses from the 

near-infrared region of the spectrum. 

Using the example of indium antimonide and indium arsenide, the 

influence of the spectral composition of optical radiation on the laser 

annealing of ion-implanted layers of these materials is shown [4]. 

The expediency of using laser radiation in lithography and production of 

black silicon and other similar structures is also shown [1-4, 7, 15, 16, 29-32]. 

Application of thin films using pulsed laser deposition 

Typical simplified schematic diagram illustrating the pulse laser 

deposition is represented in Fig.1 [7]. 
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Fig 1: Simplified schematic diagram illustrating the pulse laser deposition [7] 

Main three modes of of thin film growth are shown in Fig. 2 [2]. 

 

Fig 2: Modes of thin film growth: a) island; b) layer-by-layer; c) layer plus island [7] 

Island or Volmer-Weber mode [3, 7]: an island growth occurs when the 

cohesion between the atoms of the target material is greatewr than the 

adhesion between the target atoms and the substrate. SAs a result, tha adatoms 

(atoms deposited on the surface of the substrate) are more bound to each other 
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that to the substrate, hence forming clusters. This mode of growth is 

characterized by three-dimensional islands (Fig. 2 a). 

Layer-by-layer or the Frank - van der Merwe mode [3, 7]: layer-by-layer 

growth occurs when the adhesion between the adatoms and the substrate is 

greater than the cohesion between the atoms. This mode of grwth generally 

results in two-dimensional growth with the adatoms forming smooth 

monolayers on the surface of the substrate (Fig. 2 b). 

Layer plus island or the Stranski-Krastanov mode [3, 7]: layer plus island 

growth mode occurs when islands are formed after the formation of one or two 

monolayers on the surface of the substrate (Fig. 2 c). 

It should be noted that, in addition to thermodynamic models of 

nucleation and crystallization, electrodynamic models [3] can also be used (the 

phason model of V. Stafeev and the cascade model of the excitation of the 

corresponding number and types of chemical bonds in the excitation saturation 

mode). or from the solid state by sublimation. 

Structure and morphology of thin films depoopsitrd using pulsed laser 

deposition is represented in Fig.3. The field emission scanning electron 

microscope (FESEM) cross-section image of the bSi fabeicated on Si substrate 

reported by Sarkar et al. [7, 18] is shown in Fig. 3a. The FESEM micrograph 

revealrd that the bSi vertical cone-shaped nanostructures of the diameter 

betwrrn 500 and 700 nm, height between 1 and 3 μm and tips of a few 

nanometers in diameter. The trabsmission electron microscope (TEM, Fig 3b 
[7, 18]) of the cross-section of the Si nanostructure revealed the nanocones 

shape. The porous structure of Si nanocones at the surface of nanocone 

resulting from the chemical etching is shown in the insert of Fig. 3 b. The 

selective area electron diffraction (SAED) pattern (Fig. 3c [7, 18]) confirmed 

that the core of NANOCONEs were crystalline DESPIte the pORE (2-5 nm) 

observed at the outer shell. Thr cross-sectionof the FESEM image of cthr CdS 

thin film laser ablatedon a bSi nanocones is shown in Fig. 3d [7, 18]. The 

FESEM micrograph confirmed a uniform coverage of CdS thin film with 

thickness between 50 and 80 nmn on the surface of the bSi nanocones. The 

thickness of some thin films recently deposited usind pulse laser deposited is 

represented in Table 1 [7]. The uniformity of CdS layere on the surface of 

nanocones is further confirmed by the FESEM image shown in Fig. 3e. As 

shown in Fig. 3f, the SAED pattern on the CdS/bSi heterojunction shows the 

diffraction rings confirming the polycrystalline nature of th CdS thin film. The 

SARD pattern also revealed the (002), (110) and (112) planes of wurtzite CdS 
[7, 18]. 
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Fig 3: (a) Cross sectional FESEM image of Si nanocone arrays; (b) High-resolution 

TEM image of a single Si nanocone; (c) SARD pattern of Si nanocone; (d) Cross 

sectional FESEM image of CdS/bSi conical heterojunction arrays; (e) High-

resolution TEM image of a single CdS/bSi nanocone conical heterojunction; (f) 

SARD pattern from the CdS/bSi nanocone heterostructure 

The problem of formation a p-CuS-n-Si nanocone heterojunction based 

highly sensitive broad band photodetector is discussed in [7, 17]. Cone-like one 

dimensional Si nanostructures formed by metal (Au) assisted chemical 

etching, with superior antireflection characteristics have been used as 

templates for fabrication of the heterojunction. Covellite CuS material was 

synthesized by a simple chemical reaction for used as target material for the 

fabrication of p-CuS-n-Si nanocone heterojunctions via pulsed laser 

irradiation). p-CuS-n-Si radial heterojunction was fabricated by depositing a 

CuS layer on Au assisted etched Si nanostructures using KrF pulsed laser (l = 

248 nm) ablation (2000 shots at a shot frequency 10 Hz) [7, 17]. Similar 

deposition was also carried out on bulk n-Si for use as the control sample. The 

distance between the target and substrate was kept fixed at 5 cm. By this 

method, a CuS film nearly 150 nm thick was deposited on nanotextured and 

planar n-Si. Finally to complete the device fabrication, a nearly 200 nm thick 

transparent and conducting Al doped ZnO (AZO) layer was deposited by the 

same PLD technique on both p-CuS/nanostructured n-Si and p-CuS/planar n-

Si, which are hereafter referred to as the cone-like radial heterojunction device 

and control device, respectively.  

Fig. 4(a) [7, 17] shows the cross-sectional field emission scanning electron 

microscopy (FESEM) image of the fabricated nano- structures on an n-Si 

wafer. Highly dense, vertically oriented cone-like nanostructures with 
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different heights and bases are observed. From the high resolution FESEM and 

TEM image of a single Si nanocone shown in Fig. 4(b) and (c) respectively, it 

is clear that the surface of the Si cones is porous in nature. Typical dimensions 

of the nanocone bases are 500-800 nm with the sharp tips having a diameter 

of a few nm. The heights of the nanocones are observed to be in the range of 

2-4 mm. Fig. 4(d) [7, 17] shows the cross-sectional FESEM image of the CuS 

film deposited on the Si nanocones via pulsed laser deposition. The 

micrograph indicates conformal coverage of the CuS film on the Si nanocones. 

However, the bunching of several nanocones is clearly observed. The cross-

sectional TEM image of a single Si nanocone coated with CuS (shown in Fig. 

4e) [7, 17] again indicates the conformal surface coverage of nanocrystalline 

CuS over Si nanocones. A closer look at the Si-CuS interface of the nanocone 

textured Si indicates the formation of a rough interface due to the porous 

nature of the Si nanocone surface. 

In the case of using chemical methods, it is necessary to form a certain 

concentration of crystallization centers on the surface, which lead to the 

appearance of "forests" of nanostructures. 

 

Fig 4: (a) Cross sectional FESEM image cone-like nanostructures on an n-Si wafer; 

(b) High-resolution TEM image of a single Si nanocone; (c) TEM image of Si 

nanocone; (d) Cross sectional FESEM image of CuS-nSi nanocone heterojunction; 

(e) Cross-sectional TEM image of a single CuS-nSi nanocone heterojunction; (f) 

Cross-sectional TEM image of a single Si coated with CuS [Kat] 

Black silicon is called surface nanostructured silicon [19]. It was named so 

in 1999, and it was obtained during irradiation with pulses of a femtosecond 

laser [19]. Although it can be obtained by chemical and other methods. The 
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mechanisms of formation of laser-induced structures will be discussed in the 

next section of this work. 

Results of other cases of laser deposite thin films are represented in Table 

1 [7].  

Table 1. Film thickness, laser poarameters and other variable parameters 

if pulse laser deposite thin films [7]. 
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Material Substrate Laser/ laser prameters 
Deposition 

time 

Deposition 

atmosphere 

Sybstrate 

Temperature (°𝐂) 
Thickness (nm) 

CdS/p ±bSi Si(110) - - - - 50 - 80 

ZnO/MgZnO saphire 
Nd: YAG, =532, RR=10, 

LF = 1 - 2, PW=8 
- - 800. 700, 650 8, 5, 100, 450 

Cu2ZnSnS4 Si 
Nd: YAG, =355, RR=10, 

LF = 0.5-4, PW =4.7 
45 - 300 50 

ITO, AZO PET 

KrF excimer 

=248, RR=2, LF = 400, 

PW = 30 

- - 25, 125 100, 200 

ZnO:Cu Si 

KrF excimer 

=248, RR=10, LF = 0.8, 

PW = 30 

- vacuum - 40, 300 

ZnO:Zn Si(100) 
Nd:YAG, =266, RR=10, 

LF = 40 
25 

Vacuum, Ar, 

O2 
300 80, 150, 285 

ZnO:Zn Si(100) 
Nd:YAG, =266, RR=10, 

LF = 0.8, PW = 8 
25 O2 50, 200, 400 246, 414, 326 

In2Se3 
Transparent 

polyimide 

KrF excimer 

=248, RR=4, LF = 100, PW = 20 
12.5 O2 300 22.9 

Ca2O3 Si(100) 
Nd:YAG, =266, RR=50, 

LF = 40 
15 

Vacuum, Ar, 

O2 
50 - 600  150 

ZnO:Tb3+ Si(100) Nd:YAG, =266, LF = 40 15-55 O2 300 150-500 
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Y3(Al, 

Ga)5O12:Ce3+ 
Si(100) 

Nd:YAG, =266, RR=10, 

LF = 0.8 
- Vacuum, Ar 300 120, 270 

𝛽 −(AlxGa1-x)2O3 
𝛽 −Ga2O3 

(010) 

KrF excimer 

=248, RR=10, LF = 0.3  
- O2 800 70, 79 

𝛽 −Ga2O3 Saphire 
KrF excimer 

=248, RR=3, LF = 2 
- O2 650 250, 350, 500 

Ga2O3Sn Saphire 
KrF excimer 

=248, RR=3, LF = 2 
- O2 650 112, 445, 510, 570 

CaS Si(100) 
Nd:YAG, =266, 355, 512; RR=10, LF 

= 5.09, LE = 40 
- Ar 400 150, 162, 23 

Remark to Table 1.  = wavelength (nm); RR = repetition rate (Hz); LF = laser fluence (J/cm2); RW = pulse width (ns); LE = laser energy (mJ) 
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Laser implantation as method of receiving of thin films 

Let us now consider the modifications of laser-alloyed media without any 

additional processing. In the future, we will call such processes laser 

implantation [1 - 4]. 

First, let's consider the processes of formation of laser-induced donor-

type layers on indium antimonide (Fig. 5 and Fig. 6). 

The profiles of a distribution of volume concentration of n-centers Nv in 

p-InSb after laser irradiation are represented in Fig. 5 [25]. 

 

Fig 5: Profiles of the volume distribution electrons after laser irradiation of p-InSb. 1, 

2-Ruby laser; 3-YAG:Nd laser. Energy density in pulse, 
𝐽

𝑐𝑚2⁄ : 1-5; 2 - 40 [25] 

Regimes of irradiation were next: one pulse Ruby laser (wavelength 

0.6943 μm, pulse duration 5 ms. curves 2, 3 of Fig. 5), multipulse Neodymium 

laser (wavelength 1.064 μm, pulse duration 10 ns, pulse rate 1 kHz, curve 1 of 

Fig. 5) [25]. 

The profiles of the distribution the photostimulated n-centers in 

subsurface layers p-InSb are represented in Fig. 6 [1, 4, 33]. Simple results were 

received for InAs too [1]. 

The samples of p-type conductivity are irradiated by one pulses Ruby 

laser (wavelength 0.6943 μm, pulse duration 20 ns) [1, 4, 33]. For intensity of 

irradiation I0>0,01 Jcm-2 for InSb and I0 > 0,012 Jcm-2 for p-InAs the n-layers 

on p-type materials are created [1, 4]. 
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Fig 6: The profiles of distribution the layer concentration of the n-centers in p-InSb 

after ruby laser irradiation with various density of energy in pulse, 
𝐽

𝑐𝑚2⁄ : 0,07 (1); 

0,1 (2); 0,16 (3) [1, 4, 33] 

For intensity of irradiation I0 < 0,1 Jcm-2 for InSb the profiles of the 

distribution of donor centers are represented the Buger-Lambert law (law of 

absorption the light in homogeneous media) [1, 4, 33]. For further increasing the 

irradiated intensity, the profiles of the concentration donor centers have 

diffusion nature. Further increasing of intensity of irradiatiuon are caused the 

visible destruction of irradiated matter (I0>0,3 Jcm-2 for InSb). This effect has 

oriental character [1, 4, 33]. For crystallographic direction {111} the process of 

the creation damages is more effective as for direction {110} [1, 4]. 

Laser-induced generation surface nano and microstructures in Ge and Si 

may be represent as laser-implantation phenomena too [4]. 

Detail research of creation the surface laser-induced structures for silicon, 

germanium and other semiconductors are represented by A. Medvid’ in [28]. 

Samples of Ge {111} and Ge {001} i-type single crystals are used in 

experiment. Nd: YAG laser (wavelength 1,064 μm, duration of pulse 15 ns, 

pulse rate 12,5 Hz, power P=1 MW) was used for the irradiation. 

The AFM picture of Ge surface after Nd laser irradiation is represented 

in [28]. Laser-induced Ge nanohills have hexagonal structure and height to 200 

nm [28]. 

More detail investigation of morphology the creation of surface laser-

induced structures of Si was made in [12-14]. The typical microcolumn 

morphology of silicon, which are irradiated by pulse eximer laser radiation 

(pulse duration 25 ns, wavelength 248 nm) SF6 atmosphere is represented in 

Fig. 7 [12-14]. 
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Fig 7: a) Walled Si structure produced by 2040 laser pulses at Ed =1.5 J/cm2 in 1 atm 

of SF6 [12, 13]; b) Si specimen laser-irradiated at 3.2 J/cm2, first with 7500 pulses in a 

0.25 bar ambient pressure of SF6 and subsequently with 500 additional pulses in an 

ambient pressure of 0.2 bar O2 + 0.8 bar N2 [14] 

Similar urchin-like structures were obtained by irradiating silicon crystals 

with femtosecond laser pulses (pulse duration 130 fs, irradiation wavelength 

800 nm, number of pulses 400) [24]. However, the first regimes of irradiation 
[12 - 14] had a higher photon efficiency per pulse [1, 2]. 

These experimental results indicate that the urchin-like structure is caused 

by phase transitions of structures with initial cubic symmetry into structures 

with less order of symmetry (hexagonal, triclinic, etc.) and that radiation 

absorption conditions play a major role in this [1, 2]. 

Generation of surface and subsurface cascade laser-induyced optical 

breakdoiwn in SiC [21, 22] and KCl [22], roughly speaking, are processes of laser 

nimplantation. 

Volume experimental data we are showing on the example of silicon 

carbide [21, 22] (Fig. 8).  

Experimental data, which allow to see microscopic structure of optical 

breakdown, are representing in Fig. 8. Sectional area of receiving structures 

was ~ 22 μm, the depth of ~ 50 μm. As seen from Fig. 8 (c) we have five stages 

disordered regions, which are located at a distance from 2 to 4 μm apart 

vertically [21, 22]. Branches themselves in this case have a thickness from 150 

to 300 nm. In this case there are lines in the irradiated nanocavity with 

spherical diameter of from 15 nm to 20 nm (Fig. 6). In this case, irradiated 

structures have crystallographic symmetry of the initial structure. We see that 

this process have cascade nature and only last stage of this cascade are 

represented “clean” breakdown (Fig. 8).  
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Fig 8: (a) Schematic illustration of the laser irradiated pattern. The light propagation 

direction (k) and electric field (E) are shown. (b) Optical micrograph of the 

mechanically thinned sample to show cross sections of laser-irradiated lines (200 

nJ/pulse). (c) Bright-field TEM image of the cross section of a line written with pulse 

energy of 300 nJ/pulse. (d) Schematic illustration of a geometric relationship between 

the irradiated line and the cross-sectional micrograph. (e) Magnified image of a 

rectangular area in (c). Laser-modified layers with a spacing of 150 nm are indicated 

by arrows. (f) Bright-field TEM image of a portion of the cross section of a line written 

with a pulse energy of 200 nJ/pulse. (g) Zero-loss image of a same area as in (f) with 

nanovoids appearing as bright areas. Correspondence with (f) is found by noting the 

arrowheads in both micrographs. (h) Schematic illustrations of the microstructure of a 

laser modified line. Light-propagation direction (k), electric field (E), and scan 

direction (SD) are shown. Only two groups (groups I and II) of the laser-modified 

microstructure are drawn [21, 22]. 

Two parallel channels of optical laser-induced breakdown were obtained 

for potassium chloride when it was irradiated with nanosecond CO2 laser 

pulses (pulse duration 30 ns, irradiation energy 2 J/cm2, TEM01 irradiation 

mode) [20].  

A significant difference from the results of Fig. 8 and that the distance 

between the cascade groups for silicon carbide is 2-3 μm (Fig. 8), while for 

potassium chloride it is 30-40 μm [20]. The microscopic nature of the fractures 

was not obtaining for potassium chloride, as photography[20] (resolution 1.5 - 

2 μm) was using to obtain the picture, while electron microscopy [21, 22] 

(resolution 2-3 nm) was used for silicon carbide. This is what made it possible 

to observe the generation of nanovoids with sizes of 15-20 nm (Fig. 8 (f) - 

(h)). 

Main peculiarities of represented experimental data is showing its 

complexity. Roughly speaking we have trace of resulting interaction light and 

matter in irradiated matter.  
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In contrast to Nonlinear Optics, where we study the processes of 

interaction of light with matter as a change in radiation characteristics, in 

relaxation optics we study the processes of phase transformations of irradiated 

matter. It is obvious that we should investigate this problem from a physical-

chemical point of view. Thus, classical, non-linear optical effects are 

associated with mixed absorption. The concentration of absorption centers in 

this case ranges from 1014 to 1017 сm-3. Phase transformations of the irradiated 

material are due to changes in the structure of the irradiated material, that is, 

concentrations 1022 сm-3 [1 - 4]. Therefore, we must search new methods of 

modeling. 

Thus, the use of physical-chemical methods to evaluate the energetic 

characteristics of non-linear optical phenomena makes it possible to develop 

a universal approach for their evaluation. For an example, let's take the 

definition of the threshold for the formation of self-focusing. The well-known 

formulas of Kelly and Marburger allow us to give these estimates only for 

Kerr media, which roughly speaking is liquids and some solids [2]. Physical-

chemical evaluations give the same values as the Kelly and Marburger 

formulas. In this case, we are only interested in the concentration of the 

corresponding light absorption (scattering) centers. In addition, such an 

approach makes it possible to evaluate the chain of processes that lead to the 

observed phenomena from a single point of view [1 - 3]. 

Now we show the using of cascade model for the explanation 

experimental data of laser-induced surface physical-chemical phase 

transformations in silicon (Fig. 7 [12 -14]) and germanium [28]. 

The rough estimation of the energy characteristics of corresponding 

processes may be represent with help formula (1).  

𝐸𝑖𝑟 = ∑ 𝑁𝑖ħ𝜔𝑖𝑖 ,  (1) 

where 𝑁𝑖 is the concentration of proper centers of light scattering, ħ𝜔𝑖 is 

photon energy, ħ is Planck (Dirac) constant [1 - 4]. 

For self-absorption the number of the scattering centers iN
is equal the 

atom density the lattice 𝑁𝑎, which can be determined with help of next formula 
[1 - 4] 

𝑁𝑎 = 𝜌
𝑁𝐴

𝐴
.  (2) 

Where 𝑁𝐴 − Avogadro number, 𝜌 − density of semiconductor, A-a 

weight of one gram-atom or gram-molecule. 
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For indium antimonite Na  41021cm-3. For more detail estimation of the 

results of Fig. 1 and Fig. 2 we are used the two-dimensional lattice (Fig.9) [1, 

4, 33].  

 

Fig 9: Two-dimensional picture the crystal lattice А3В5 (including InSb and InAs) the 

cubic symmetry (sphalerite). Bond 1 is pure covalent has energy 0.18 eV, bond 2 - 

1.95 eV, bond 3-2.15 eV [1, 4, 33] 

Main estimations may be made with help modified formula (1) 

𝐸𝑖𝑟 = ∑ 𝑁𝑎𝜀𝑏𝑖𝑖 .  (1a) 

Where 𝜀𝑏𝑖 is the energy of proper bonds from Fig. 9 (I =1, 2, 3).  

The breaking of bond 1 in the regime of saturation of excitation is 

corresponds to laser effect with optical pumping [1, 4, 33]. This effect has large 

differential photon efficiency, which can be determined with help formula (3) 

𝑛 = 2𝑙𝑛
ħ𝜔𝑟

𝐸𝑔
,  (3) 

Where ħ𝜔𝑟 = 1.78 𝑒𝑉 for Ruby laser radiation, 𝐸𝑔 = 0.18 𝑒𝑉 and 

equaled of energy of bond 1. Crystals of indium antimonite in the sphalerite 

modification are direct-band, so the band gap corresponds to the minimum 

chemical bond energy. For InSb n = 4.8. This fact is caused te increasing of 

relaxation time ~ 10-7 s for Ruby laser irradiation[1, 4, 33].  

These data were using for the estimations of laser-induced damages 

(Rurherford backscattering spectra of protons with energy 500 keV) in InSb 

after Ruby-laser irradiation [4]. Maximal value of Rutherford defectiveness is 

corresponding to value 0.1 J/cm2. This value is correlating with curves 1 and 

2 of Fig. 6 and corresponds to the breaking of bonds 1 and 2 in Fig. 9 [4, 33]. 

At the same time, one connection is the seed for other connections. Only 

in the mode of saturation of excitation of the previous connection 

(connections) do we have minimal energy expenditure to obtain the desired 

result (curves 1 and 2 of Fig. 6). 
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Schema of Fig. 9 was using for the explanation the oriental effect of 

creation laser-induced n-centers in InSb. The angle between directions {111} 

and {110} is equal 37,5 for the bond 1. Therefore, coefficient of the 

anisotropy the the creation laser-induced centers is equal the square of the 

tangent of this angle-0,45. Effective cross-section of absorption in {111} is 

more intensive as in direction {110} [4].  

The rupture of all three bonds leads to the appearance of a diffusion 

profile (curve 3, Fig. 2). The estimates made according to formula (1a) 

confirm our reasoning [4, 33]. 

Form of profiles Fig. 6 was explained using the photokinetic model 

(adapted model of the phytoeffect). At the same time, curves 1 and 2 Fig. 2 

correspond to the kinetic approximation, and curve 3 Fig. 2-to dynamic (two-

diffusion approximation) [4]. In the latter case, the difference in coefficients of 

laser-induced diffusion (self-diffusion) of indium and antimony atoms is 

assumed [4]. 

To estimate the life time of the corresponding processes, a 

phenomenological chain of relaxation times was constructed, which allows us 

to explain non-equilibrium and irreversible laser-induced processes from a 

single point of view [4, 33]. 

The experimental results of Fig. 5 [25] can be explained in a similar way. 

Curve 1 of Fig. 5 has the same form as curves 1 and 2 of Fig. 6.  

But the integral efficiency of transforming radiation into irreversible 

changes for the data Fig. 6 is larger by 2-3 orders of magnitude, as for Fig. 5. 

This is explained by the fact that in the latter case, reradiation processes with 

photon energy of 0.18 eV play a major role. This is confirmed by the results 

of curves 2 and 3 of Fig. 5. The shape of the profiles of these curves in the 

upper region corresponds to the absorption coefficient with a coefficient of 

2105𝑐𝑚−1 for Ruby laser irradiation and 105 cm-1 for neodymium laser, the 

tail parts correspond to an absorption coefficient of the order of 100 cm-1 of 

reradiation with a photon energy of 0.18 eV [4]. 

This means that a large contribution to the shapes of profiles 2 and 3 Fig. 

5 give the processes of reirradiation and reabsorption. The number of acts of 

reradiation can be estimated using formula (4) [1]. 

𝑛 =
𝜏𝑖𝐼𝑠𝑎𝑡

𝜏𝑟(1−
𝜏𝑟
𝜏𝑖

)𝐼0

  (4) 

Where 𝜏𝑖 is time of irradiation, 𝜏𝑟 is relaxation time, 𝐼𝑠𝑎𝑡 - the intensity of 

saturation of excitation (curve 2 of Fig. 6) and 𝐼0 - the intensity of irradiation. 



 

Page | 33 

After substitution proper value of 𝐼𝑠𝑎𝑡 and 𝐼0 from Fig. 5 and Fig. 6 we have n 

≅ 10 ÷500. 

Experimental data of Fig. 1 are certificated this hypothesis. Surface and 

volume concentrations donor centers in InSb after irradiation of nanosecond 

Ruby-laser pulses (curves 1 and 2 of Fig. 6) is more in 3-4 orders as after 

millisecond irradiation (curve 2 of Fig. 5). For this case we are using next 

model. The part of absorbed irradiation with including process of n-

reirradiation may be represented as 

𝐼𝑛 =

𝜏𝑟
𝜏𝑖

1+
𝜏𝑟
𝜏𝑖

𝐼0𝑒−𝛼𝑥.  (5) 

For this case we have 
𝜏𝑟

𝜏𝑖
= 0.05 − 0.1. For Ruby laser irradiation (curve 

2 of Fig. 1) we can determine relaxation time 𝜏𝑟 = (0.05 − 0.1)𝜏𝑖 =

(0.25 − 0.5)𝑚𝑠.  

For estimation the efficiency of generation n-centers for the nanosecond 

(curve 2 of Fig. 6) and millisecond (curve 2 of Fig. 5) regimes of irradiation 

we used next formula.  

𝛽 =
𝐼𝑠𝑎𝑡

𝑁𝑎𝑣𝑠𝑎𝑡
⁄

𝐼𝑖𝑟
𝑁𝑎𝑣𝑖𝑟

⁄
.  (6) 

This formula give next values: 2.5⋅ 10-6 for subsurface part of curve 2 of 

Fig. 5 and 2.5⋅ 10-7 for tail part of curve 2 of Fig. 5. For curve 1 of Fig. 5 this 

efficiency is equaled 2⋅ 10-6. Therefore, processes of reirradiation may be 

used for the formation more deep parts of irradiated matter [2, 4].  

Thus, the model based on Fig. 9 makes it possible to explain the main 

regularities of changes in electrophysical characteristics of irradiated 

antimonide and indium arsenide, but does not allow evaluating laser-induced 

structural changes. 

However, it is possible to build a model that allows you to estimate laser-

induced structural changes in irradiated materials. Thus, to explain the 

experimental results Fig. 7, a physical-chemical model was built based on the 

phase diagram of silicon (Fig. 10) [26]. 
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Fig 10: A schematic phase diagram for Si(CN). The coordination numbers (CN) of 

the various phases are indicated. The diagram is based on common features of the 

phase diagrams of column IV elements as described by the references cited in 

Pistorius's review [18] 

Starting from a high temperature >3∙103К and subject to a constraint of 

average density 〈𝜌〉 = 𝜌(4), a hot micronucleus will tend to bifurcate into the 

most stable phases (highest Tm) which straddle Si(4) in density. These are 

Si(3) and Si(8), as indicated by the diagram [26]. 

It can be seen from this figure that silicon (by analogy with germanium) 

has four crystallographic modifications, and taking into account quasi-

crystalline modifications-twelve [1]. We will dwell only on crystallographic 

modifications. 

To determine the energy that falls on one coordination or layer, we will 

use the Seitz energy definition from the radiation physics of a solid body [1]. 

This energy of the silicon is equal to 12.6 eV, and the number of nearest 

neighbors is equal to the coordination number. In addition, in the diamond 

lattice, all bonds are covalent and equal to each other. We know that one 

coordination number in silicon corresponds to an energy of 1.6 eV. For 

germanium-1.3 eV for similar reasons. By the way, this energy is equal to the 

energy of the corresponding covalent bonds by L. Pauling [1]. Next, if we 

multiply the value of this energy by the density of atoms of the corresponding 

lattice and by the difference in the corresponding coordination numbers, we 
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will obtain the corresponding value of the transition energy from one 

crystallographic modification to another. 

These considerations are the basis of the cascade model of step-by-step 

excitation of proper chemical bonds in the regime of saturation the excitation 

were used [1 - 4]. This model in based on the phase diagram of of Fig. 10 [26].  

Let initial crystal semiconductors Si and Ge have, the diamond structure.  

We have from formula (2) for Si 𝑁𝑎𝑆𝑖 = 5 ∙ 1022𝑐𝑚−3, and for Ge 

𝑁𝑎𝐺𝑒 = 4.4 ∙ 1022𝑐𝑚−3. Please, leave two blank lines between successive 

sections as here. However, Si and Ge may be crystallizing in lattices with 

hexagonal, cubic, trigonal and monoclinic symmetry [1 - 4].  

Coordination number (CN) 8 is corresponded of diamond lattice, CN 6 - 

hexagonal lattice, (CN) 4 and (CN) 3 - other two lattices. It should be noted 

that melting temperatures of these phases are various. Volume density of CN 

is equaled CN·Na. For diamond symmetry of lattice, this value is 8Na [1]. 

We can determine corresponding volume density of energy, which is 

necessary for transition between proper crystal structures with help formula 

(1a).These data are represented in Table 1. 

Table 2: Volume density of energy Ivi (103 J/cm3), which is necessary for the 

breakage of proper coordination numbers (СN) in the regime of saturation of 

excitation in Si and Ge [1, 4] 

Compound Iv1 Iv2 Iv4 Iv5 

Si 12.8 25.6 51.2 64 

Ge 7.6 15.1 30.2 37.8 

 

To obtain the surface density of irradiation energy, we must divide the 

value given in Table 2 by the corresponding light absorption index. These 

results are analyzing in [1, 4]. As in the case of indium antimonide, differential 

photon efficiency (light absorption conditions) is crucial for silicon. This 

explains why the efficiency of formation of microstructures by nanosecond 

pulses of an excimer laser with a photon energy of 4.25 eV is greater than by 

femtosecond laser pulses with an energy of 1.51 eV [1]. Concept of photon 

efficiency [2] is generalizing of concept photochemical efficiency [2]. 

Roughly speaking, the efficiency of the formation of microcolumns for 

irradiation with an excimer laser is determined by the processes of splitting 

the photon energy, as it can be spent on breaking more than two chemical 

bonds, while the energy of a photon with an energy of 1.51 eV is not enough 

to break one bond for silicon. In the latter case, we must implement the 

multiphoton absorption mode. The same zone of photochemical reactions is 
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determined by the absorption coefficient of laser radiation. For excimer laser 

irradiation, it will be one and a half orders of magnitude smaller than for 

longer-wavelength irradiation. 

Let us now turn to the explanation of the experimental results of the 

optical analysis of silicon carbide [21, 22] and potassium chloride [20]. 

The first explanations were based on the heterogeneity of the irradiated 

material, which led to a plasma or thermal breakdown. This is explained by 

the fact that the experimental results for potassium chloride did not allow us 

to see the cascade of processes that lead to the actual optical breakdown. In 

fact, laser-induced optical breakdown is a concentration of energy with a Seitz 

energy density [1 - 4], and we have no choice but to find ways to realize this 

concentration. 

That is why a cascade model was proposed, which is based on the 

transformation of the initial exposure and the creation of non-uniform 

exposure of the material [3]. This cascade is including diffraction stratification 

of focused radiation, generation of conical Cherenkov radiation, interference 

of the short-wavelength part of Cherenkov radiation, and actual optical 

breakdown in the maxima of this interferogram [3]. 

Diffraction stratification and generation of surface Cherenkov radiation 

belong to the first group (Fig. 8). The second group includes optical 

breakdown, including the formation of nanovoids (Fig. 6). 

Diffraction stratification was modeling with help of Rayleygh rings 

concept [3]. 

Cherenkov radiation may be certified with macroscopic [23] and 

microscopic [34] ways. 

The Golub macroscopic [23] and A. Bohr [34] microscopic mechanisms 

were synthesizing with help of next formula [3]. 

𝜃𝑐ℎ + 𝛼𝑖𝑟 = 𝜋
2⁄  or 𝜃𝑐ℎ = 𝜋

2⁄ − 𝛼𝑖𝑟,  (7) 

Where 𝜃𝑐ℎ – Cherenkov angle, 𝛼𝑖𝑟 – angle between tangent line and 

direction of laser beam. 

Angle 𝛼𝑖𝑟 was determined from next formula [1], [4] 

𝑡𝑎𝑛𝛼𝑖𝑟 =
𝑑𝑏

𝑙𝑓
⁄ ,  (8) 

where 𝑑𝑏 - diameter of laser beam, (7 mm), 𝑙𝑓 - length of focusing or self-

focusing. In our case 𝛼𝑖𝑟 is angle of focusing or self-focusing. 
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This formula is approximate for average angle 𝛼𝑖𝑟 for proper foci. The 

Golub formula (8 a)  

𝑐𝑜𝑠𝜃𝐶ℎ=
𝑐

𝑛2(𝜔)𝑣𝑛𝑙𝑝𝑜𝑙
,  (8 a)  

Was using for the determination of corresponding order of diffraction ring 

may be determined with help next formula [3] 

𝑙𝑛𝑓 =
𝑑𝑛𝑑𝑖𝑓

2𝑡𝑎𝑛
𝜑

2⁄
.  (9) 

According to Fig. 8 (c) we have five diffraction rings. Each surface of 

cone this diffraction stratification is source of Cherenkov radiation. This is 

confirmed by experimental facts that supercontinuum (Cherenkov) radiation 

has a surface character [3].  

The estimation of energy distribution in five Mach cones was made by 

next formula [1], [4]  

𝐸1𝑜𝑏 =
𝜋2

4
(∑ 𝑛𝑖𝑎𝜈

25
𝑖=1 𝑙𝑖𝑎𝜈)𝑟2𝑁𝑎𝑆𝑖𝐶𝐸𝑍𝑡ℎ,  (10) 

Where niav-average visible number of filaments in proper group of 

cascade, liav=1000 nm-average length of filaments in proper group of cascade, 

r = 10 nm - average radius of filament, Na - atom density of 4H-SiC [3].  

The atom density of 4H-SiC may be determined with help formula (2). 

For 4H-SiC 𝑁𝑎𝑆𝑖𝐶 = 9.4 ∙ 1021𝑐𝑚−3.  

Energy, which is necessary for the optical breakdown our nanotubes may 

be determined in next way. Zeitz threshold energy for 4H-SiC is equaled EZth 

~ 25 eV [3]. Let this value is corresponded to energy of optical breakdown. 

Therefore, summary energy 𝐸1𝑜𝑏 is equaled 

𝐸1𝑜𝑏 = 𝑁𝑎𝑠𝑛𝑡 ∙ 𝐸𝑍𝑡ℎ = 23.2 𝑛𝐽.  (11) 

This value is equaled of ~ 8% from pulse energy or ~ 30% from the 

effective absorbed energy of pulse [3]. As we can see, Cherenkov radiation 

generates laser radiation more effectively than charged particles or gamma 

radiation. 

If this scenario is true, we have as for 4H-SiC effective transformation the 

energy of laser radiation to cascade of laser-induced breakdown for KCl too. 

This value is 11,6 - 17,4 percents [3]. 

The sizes of nanovoids (Fig. 8 (h)) may be determined with help modified 

Rayleygh model [3] and its form-the help methods of continuum mechanics [3] 

in next way. 
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For the estimations of maximal radius of nanovoids we must use modified 

Rayleygh formula [3] 

Rmax =
2R

0.915r
√

Eir

πτircE
,  (12) 

where Tc-the time of creation the nanovoid (bubble), R is radius of 

nanovoid, r-radius of irradiated zone, E - Young module, Eir- energy of one 

pulse. τir-duration of pulse [3]. 

If we substitute r = 250 nm, R = 10 nm, E = 600 GPa [3], Eir=300 nJ, τir = 

130 ps, c=3108 m/s, than have Rmax=11 nm. 

The velocity of shock waves for femtosecond regime of irradiation is less 

as velocity of sound. However, we have two velocities of sound in elastic 

body: longitudinal vls and transversal vts [3]. Its values are determined with 

next formulas 

vls = √
E(1−ν)

ρ0(1+ν)(1−2ν)
, and vts = √

E

ρ0(1+ν)
  (13) 

Where ν-Poisson’s ratio [3]. The ratio between of these two speeds is 

equaled. 

α =
vts

vls
= √

(1−2ν)

2(1−ν)
. (14) 

However, this ratio must be true for shock waves too. Therefore, for 

silicon carbide for ν = 0,45 [3] α = 0,33. Roughly speaking last ratio is 

determined the step of ellipsoidal forms of our nanovoids (Fig. 8 (h)).  

In this case, we represented 4H-SiC as isotropic plastic body. For real 

picture, we must represent hexagonal structure. However, for the qualitative 

explanation of experimental data of Fig. 8 (h) this modified Rayleygh model 

allow explaining and estimating the sizes and forms of receiving nanovoids 
[3]. 

We can estimate sizes and forms of possible nanovoids for potassium 

chloride too. Let's take the ratio of the radius of the irradiation zone to the 

radius of the nanowire as 50. The energy of irradiation is 2 J. The duration of 

irradiation is 50 ns. Young's modulus 29.67 GPa, Poisson's ratio 0.216 [3]. 

After substitution, these data to formula (14) we have 𝑅𝑚𝑎𝑥𝐾𝐶𝑙 =

62.5𝑛𝑚. Ellipticity of KCl nanovoids may be determined from (14) 𝛼𝐾𝐶𝑙 =

0.6. 

Let us now estimate the maximum bubble radii for the acoustic case. For 

this, in formula (12), you need to change the speed of light to the speed of 

sound (12 a). 
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Rmax
ac =

2R

0.915r
√

Eir

πτircsE
,  (12 a) 

Where cs is speed of sound. 

As a result, we get 𝑅𝑚𝑎𝑥𝑆𝑖𝐶
𝑎𝑐 = 1.7𝜇𝑚 and 𝑅𝑚𝑎𝑥𝐾𝐶𝑙

𝑎𝑐 = 28𝜇𝑚. The shape 

of the voids does not change, they just increase in size by 2-3 orders of 

magnitude [3]. 

If we take the ratio of the acoustic formula (12 a) and the optical formula 

(12), then for the same irradiation modes we have the ratio 

𝑅𝑚𝑎𝑥
𝑎𝑐

𝑅𝑚𝑎𝑥
= √

𝑐

𝑐𝑠
.  (15) 

However, a comparison with the experimental results (Fig. 3) and [20] 

shows those electromagnetic rather than acoustic processes play the main role 

in the formation of nanovoids. This is explaining by the fact that in this case a 

chain of close-range coherent processes of transformation of both optical 

radiation into the excitation of the medium and the corresponding relaxation 

of the medium is implemented, in other words, there is a chain of 

interconnected coherent transformations. 

Other complex treatments, including laser annealing of ion-implanted 

layers of semiconductor materials, photolithography, etc. 

Let us now consider some more complex technological processes in 

which laser radiation is used. 

The results of the positive resolution the problem of laser annealing of 

ion-implanted InSb and InAs are represented [4]. The conclusion of previous 

chapter may be next: the laser annealing of these semiconductors the Ruby 

and neodimium laser radiation is impossible. For more precision research of 

this hypothesis the Ruby laser and CO2-laser irradiation the Mg+/InSb, 

Mg++/InSb and S+/InAs were provided. The results of integral researches for 

InSb are represented in Fig. 11. Next types of the irradiation were used. Pulse 

Ruby laser regime had next parameters: pulse duration 𝜏𝑖 = 2 ∙ 10−8𝑠; 

wavelength  = 0,6943𝜇𝑚; density of energy flow 𝐼0 = (0.001 −

0.3) 
𝐽

𝑐𝑚2⁄ . Pulse CO2-laser - 𝜏𝑖 = 10−6𝑠; wavelength  = 10,6𝜇𝑚; density 

of energy flow 𝐼0 = (0.01 − 10)(
𝐽

𝑐𝑚2⁄ . And stationary CO2-laser - 𝜏𝑖 =

(10−6 − 10)𝑠; wavelength  = 10,6𝜇𝑚; density of power 𝑊0 = (10 −

30) 𝑊
𝑐𝑚2⁄ .  



 

Page | 40 

 

Fig 11: Laser effects in InSb and Mg+/InSb [4]: 1-the energetic dependence of the 

creation the donor centers in InSb (points are experimental data); 2 - 
𝐷

= 𝑓(𝐼0) in 

InSb; 3,4 - 
𝐷

= 𝑓(𝐼0) in Mg+/InSb after ruby laser (3) and CO2-laser (4) irradiation 

The curves 1, 2 and 3 in Fig. 11 are correlated. It is explained as fact of 

the addition optical damages to radiation defects for intensity of irradiation 

0,04  0,1 Jcm-2. Further increasing the intensity to provide to the interaction 

with optical and radiation damages, but in this case the more important role 

has heating phenomena. For more small intensity of the irradiation 

(𝐼0 < 0.04 
𝐽

𝑐𝑚2⁄ ) the level of the defective state isn’t increased. The 

comparative analysis these data with results of Fig. 6 show why laser 

annealing is impossible for Ruby laser irradiation. In this case the full 

activation the implanted admixture isn’t existed for all possible regimes of the 

irradiation. 

The application for laser annealing CO2-laser (Ea  h  Eg) [4, 33] the 

activation of implanted admixture was attained. The radiation defects are 

annealed for all regimes of the irradiation (stationary and impulsive). The 

result of the application the impulse CO2-laser for annealing Mg+/InSb are 

represented on curve 4 Fig. 11. The increasing of the level the defective state 

as for curve 3 is absented. The correlation between thresholds the melting and 

the heat destruction the InSb for Ruby-laser and CO2-laser irradiation were 

1:10 and 1:3 respectively. The explanation of this fact is next. For Ruby-laser 

(h > Eg) process is provided on succession the creation of optical damages-

heating, including reconstruction and annealing primary damages and creation 

secondary heating defects, -melting-destruction. For CO2-laser this succession 

is more shortly: heating-melting-destruction. Coefficient of the creation 
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damages of two-photon absorption is small. In the case of laser annealing of 

ion-implanted layers the index of the absorption of ion-implanted layer is 104 

cm-1 thus as for pure materials one is 10 cm-1. For comparison, index of the 

own absorption for ruby laser is 2105cm-1. Thus for CO2-laser annealing the 

process has next succession photostimulated and thermal annealing. Both 

processes (quantum and temperature) have one direction. It are corresponded 

the independence this experimental data of time irradiation for this process. In 

our researches the processes of the melting after CO2-laser irradiation are not 

observed. The electrophysical properties of laser annealed layers (Volt-

Ampere characteristics) is shown the activation the implanted admixture. For 

increasing the intensity of the irradiation of stationary laser in 3-4 order than 

for annealing samples are heated to red color and sublimated. In general case 

the laser irradiation with h>Eg may be used for laser annealing for more long 

time of irradiation (~10-3 s and more). For any intensity of the irradiation 

process of the annealing may be more intensive than processes of the optical 

and temperature creation of the damages. For this time of the irradiation the 

concentration of the thermodefects, implanted admixture and optical defects 

may be correlated for various regimes of the irradiation. 

The receiving the n-layers on p-InSb and p-InAs after irradiation the pulse 

Ruby laser [4, 33] allow have these devices. But best p-n junctions were be 

receiving with help mixed ion-laser irradiation (ion implantation and CO2-

laser irradiation). Last structures have best characteristics than first. The 

problems of the creation various p-n junctions and its theoretical discussion 

are represented too. 

The influence of spectral range of laser irradiation on the creation the 

irreversible changes in InSb and InAs were represented in [4]. The renewal 

structure and full activation of the impurity in Mg+-implanted layers InSb  is 

possible only for the CO2-laser irradiation with density of energy flow 𝐼0 =

10
𝐽

𝑐𝑚2⁄  [4]. This effect is integral and isn’t depended from the regime of 

irradiation (pulse or stationary). The renewal of structure is happen after 

impulse Ruby irradiation with 𝐼0 = 0.1
𝐽

𝑐𝑚2⁄  in measurement Rutherford 

backscattering spectra ion H+ with energy 500 keV (curve 2 of Fig. 11) and 

He+ with energy 1,8 MeV (curves 3 and 4 of Fig. 11). But activation of the 

impurity isn’t happen [4]. 

The relative changing of the crystal state was determined in surface layer 

with help relative defectiveness [32]. 


𝐷

=
(𝐻𝑖𝑟 − 𝐻𝑐ℎ)

(𝐻𝑟 − 𝐻𝑐ℎ)⁄ ,  (16) 
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Where 𝐻𝑖𝑟 and 𝐻𝑐ℎ-the exit of backscattering ions for radiated and 

unradiated crystall in the channeling regime, 𝐻𝑟-the exit of backscattering ions 

for unradiated crystal in random regime. 
𝐷

 is calculated on depth more than 

depth of ion-implanted subsurface layer.  

The renewal structure and full activation of the impurity in Mg+-

implanted layers InSb  (ion energy 100 keV, dose 61014 cm-2) is possible 

only for the CO2-laser irradiation with density of energy flow 𝐼0 = 10
𝐽

𝑐𝑚2⁄  

[4]. Analogous process renewal structure and full activation of the impurity in 

S+-implanted layers InAs (ion energy 40 keV, dose 1014 cm-2) is possible for 

the CO2-laser irradiation with density of energy flow 𝐼0 = 12
𝐽

𝑐𝑚2⁄  [4]. 

However, the creation of new donor centers in InSb, InAs and Si after 

impulse laser irradiation with ℎ < 𝐸𝑔, where 𝐸𝑔 - band gap of semiconductor, 

allow to receive n - p junctions. n-layers were stable for the 𝐼0 = 0.1
𝐽

𝑐𝑚2⁄  for 

InSb  and 𝐼0 = 0.16
𝐽

𝑐𝑚2⁄  for InAs. Corresponding Volt-Ampere 

characteristics are curve 2 (InSb) and curve 3 (InAs) on Fig. 12 [4]. These 

characteristics have more “bad” character as characteristics of curves 1 and 4. 

This difference may be explained in the following way. The CO2-laser 

annealed ion-implanted layers (LAIIL) are the more stable centers as Ruby 

laser induced donor layers (LIDL). The depth of LAIIL is 0,2-0,4 μm, the 

depth of LIDL-0,6-6 μm [4]. The edge of ion-implanted layer is more abrupt as 

laser-induced layers. It are basic causes of the best electrophysical properties 

LAIIL as LIDL. 

The difference between physical properties of the LAIIL and LIDL 

supplement the explanation of the conclusion about impossibility of the laser 

annealing ion-implanted layers with irradiation in regime with ℎ > 𝐸𝑔 [4]. 

The index of absorption in pure InSbp   of the CO2-laser irradiation is 

110 cm , Ruby laser - 2105 cm-1. The index of absorption in Mg+/InSb layers 

of the CO2-laser irradiation is 
1410 cm . Therefore, in the first regime (curve 

1, Fig.6) of the irradiation we have one process-light scattering on metastable 

centers and this effect isn’t depended from the time of the irradiation. The heat 

effects (for impulse regime of the irradiation) have the same direction as 

photoinduced phenomena.  
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Fig 12: Volt-Ampere characteristics p-n and n-p junctions: LAIIL, curve 1 - 

Mg+/InSb [4], curve 4 - S+/InAs [4]; LIDL, curve 2 - InSb [4], curve 3 - InAs [4] 

The proper concentration profiles of distribution of donor centers are 

selected for “stable” regimes of the irradiation for InSb (curve 2 of Fig. 6) 

and InAs  [4]. 

The difference of absorption indexes for Ruby and CO2-laser irradiation 

is caused of the impossibility of laser annealing and activation implanted 

impurity with the help of the laser irradiation with regimes with ℎ > 𝐸𝑔. For 

the laser annealing of ion-implanted layers must be used the irradiation with 

with ℎ < 𝐸𝑔. The irradiation with ℎ > 𝐸𝑔 is the processes of light scattering 

on stable centers (covalent bonds for InSb  and InAs  [4]. This process is 

caused of the generation high concentration of donor centers. Defects of ion 

implantation have n  type of the conductivity too. The thermal defects in 

InSb  have p-type of conductivity [4]. Therefore, the contradiction in the 

explanation of the cause the creation and annealing damages and activation 

impurity in InSb  is founded on various charge states laser induced damages 

and thermal defects. 

The nature of the ion-implanted annealed impurity is known and has 

theoretical models [4]. The problem of nature the donor centers in InSb, InAs, 

Ge and Si is little known and must be researched in detail. In [4] these centers 

are determined as “dangling” bonds. These “dangling” bonds have various 

physical properties, which is dependent from the intensity of the irradiation [4]. 

For the small intensity of the irradiation “dangling” bonds have small life-time 

from 10-7 s for nonequilibrium charges for self-absorption processes to 10-2 s 

for exciton drops [4]. Further increasing of the intensity of the irradiation is 
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caused the increasing life-time of irreversible changes. In InSb this changes is 

correlated with changes of the concentration the donor centers [4]. 

The dynamical change of the concentration subsurface damages in InSb 

after Ruby laser irradiation is represented in Fig. 6 and curve 2 of Fig. 11. 

Among other types of complex treatments, we should note the following:  

1. When a magnetic or electric field is applied to the substrate to be 

sputtered, or a certain mask is applied, as in photolithography 

(including laser lithography) [5-11].  

2. Now let's analyze how black silicon can be obtained by other 

methods. If we want to miniaturize the procedure (Fig. 3 or Fig. 4), 

then for the first stage of obtaining black silicon, we can use either 

laser irradiation (Fig. 7) or ion implantation, the initial nanostructures 

of black silicon will have a height of 10-50 μm, for this you only need 

to select the regenerative irradiation mode. Similarly, these 

procedures can be using for other compounds [29-32]. 

3. Laser-induced optical breakdown processes can also be using to 

obtain multilayer radial heterostructures and should be taken into 

account when increasing the resource of optical information 

transmission lines [3]. 

Conclusions 

1. Short review the creation of the laser-induced thin films is 

representing. 

2. Main properties pulsed laser deposition thin films are analyzed. 

3. Problem of creation surface laser-induced layers in InSb and In As is 

observed. 

4. Questions of creation laser-induced nano and misrostructures in Si 

and Ge are researched. 

5. Main peculiarities of laser-induced optical breakdown in SiC and 

KCl and its possible application for the receiving surface 

heterostructures are discussed. 

6. Questions about applications laser radiation in the complex 

technologies (laser annealing of ion implantation of various 

materials, influence of electrical and magnetic fields on processes of 

formation laser-induced thin films) are included. 
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