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Abstract. We used the method of nets to calculate the thermoelastic stresses on the GaAs 
surface caused by a non-destructive nanosecond pulse laser irradiation (λ = 0.532 µm) 
with diffraction spatial intensity modulation from a shield with rectangular cut. The 
structure of irradiated subsurface layers of samples was studied by the AFM method. A 
periodic islet structure formed in the process of diffusive redistribution of defects was 
revealed by the level-by-level chemical etching. 
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1. Introduction 

Laser technologies of creation of semiconductor 
structures allow one to set the required energy 
distribution on irradiated surfaces. It was succeeded to 
form nanostructures with specific properties on the 
GaAs surface by different methods of laser radiation 
intensity modulation [1–5]. For a modification of the 
thin subsurface layer of a semiconductor, it is necessary 
to use the fundamental absorption of short laser radiation 
pulses with a certain energy distribution on the irradiated 
surface [5, 6]. The present paper deals with researching 
the structural changes in subsurface GaAs layers caused 
by diffraction-modulated laser nanosecond pulses with 
the quantum energy exceeding the semiconductor band 
gap. The holographic energy distribution creates locally 
warmed-up regions on the irradiated crystal surface. This 
results in the origination of thermoelastic stresses in the 
sample subsurface layer, which stimulates the generation 
and the diffusive redistribution of point defects [7]. 

2. Experiment 

We studied the influence of the pulse laser radiation 
passed through a diffraction mask on the semiconductor 

surface (Fig. 1). A chemically polished surface (100) of 
GaAs brand AGChT-1-25а-1 was irradiated. A 
rectangular mask was set at a distance of 10 µm above 
the irradiated surface. The laser radiation wavelength 
corresponded to the resonance light absorption by the 
semiconductor surface. The irradiation energy density on 
the diffraction mask was 160 mJ/cm2. A short-term 
metallographic etching in AB solution was used [8] to 
investigate the structural changes appeared in the subsur-
face layer at a depth of ∼1 µm. The chemically treated 
surface was explored by atom force microscope. A 
periodic islet structure was exposed as a result (Fig. 2). 

3. Results and discussion 

A computer modeling of thermal fields arising in the 
GaAs subsurface layer under exposure of the absorbed 
diffraction-modulated laser radiation was performed to 
clarify the processes of formation of subsurface struc-
tures. We have solved the heat conduction equation [9] 
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Fig. 1. Scheme of the irradiation of a sample through a dif-
fraction mask with rectangular cut. 
 
 

 
 
Fig. 2. AFМ-image of the GaAs subsurface structure formed 
after the laser irradiation through a diffraction mask with a 
subsequent short-term chemical etching. 

 
the surface, κ  is the heat conductivity, and g is the 
thermal power released per unit volume. To consider the 
dynamic processes and changes of the physical 
properties of the semiconductor during the influence of a 
laser radiation pulse, the analytical expressions for 
temperature dependences of parameters (Fig. 3) were 
used and the heat conduction equation has been solved 
by the method of nets by the implicit calculation scheme. 
The diffraction modulation of laser radiation was 
characterized by the coefficient of intensity distribution 
γ . When a laser beam passes through a rectangular cut 
diffraction mask, the coefficient γ  is calculated by the 
formula [10] 
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where iI  is the intensity produced by diffraction on one 
of the cut sides; and the parameters )( iϑξ  and )( iϑη  
are determined in terms of Fresnel integrals. 
Computations were conducted in accordance with the 
terms of the experiment. A periodic distribution of light 
energy density was determined as a result. Its period on 
the surface of semiconductor is stabilized at a distance 
∼ 24 µm along the bisector of the diffraction mask 
rectangular cut (Fig. 4). 
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Fig. 3. Temperature dependences: a) light absorption for a 
wavelength of 0.54 µm, b) thermal expansion, c) heat 
conductivity, d) heat capacity. 
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Fig. 4. Falling energy density depending on the distance along 
the bisector of a diffraction mask with rectangular cut. 

 
 
 
While calculating, we have considered also the 

absorption of the laser light in GaAs vapors. If we take 
into account only the single ionization of atoms in 
vapors, then the absorption coefficients of radiation in 
the vapors for each of the component at the unit of 
distance can be written down in the form [11] 
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where e is the elementary charge, k is the Boltzmann 
constant, h is the Planck constant, c is the light velocity 
in vacuum, ε0 is the electric constant, ν is the laser 
optical radiation frequency, A is the energy of ionization 
of an atom, 3Vn  and 5Vn  are atom concentrations in the 
semiconductor vapors at the moment of their 
sublimation from the surface, and V3T  and V5T  are the 
temperatures of vapors of elements 3A  and 5B , 
respectively. 
 
 
 

 
 
Fig. 5. Distribution of the thermoelastic stress gradient along 
the bisector of a diffraction mask with rectangular cut. 

 
 
Fig. 6. AFM-profile of GaAs surfaces at a distance of ∼24 µm  
from a diffraction mask with rectangular cut. 
 
 

Only a thin subsurface layer (thickness δ ~ α–1) 
confined on the surface by a laser spot with the diameter 
∅ ≥ 100 µm that lies on the massive bedding is heated 
under the action of pulse laser irradiation. Therefore, we 
have considered the one-dimensional case. Taking the 
temperature dependence of the linear thermal expansion 
coefficient into account, it is possible to calculate a 

relative deformation of compression [12] ∫α=ε
T

T

dTT
0

)( , 

where )(Tα  is the linear thermal expansion coefficient 
as a function of temperature. The maximum mechanical 
stress arises in directions [010] and [001] under the 
irradiation of crystal plane (100). The tension tensor 
components are calculated as follows [13]: 

ε+=σ=σ )( 12113322 cc , where 11c  and 12c  are the 
elasticity tensor components. The distribution of 
thermoelastic stress gradient is given by the spatial 
modulation of the irradiation intensity since the periods 
of the diagrams represented in Figs. 4 and 5 coincide. 
The heterogeneous stress distribution on the sample 
surface results in the generation and the diffusive 
alteration of point defects in the semiconductor [11]. A 
subsurface structure appears as a result. The arrangement 
of the experimentally exposed structures coincides with 
the distribution of thermoelastic stress gradient that is 
confirmed by the AFM-profiles presented in Fig. 6. 
Consequently, the subsurface islet structures appear as a 
result of the absorption of radiation with diffraction 
modulated intensity by the semiconductor. 

4. Conclusions 

Under exposure of the nanosecond laser pulse radiation 
with spatially modulated power density, a periodic islet 
structure appears in the subsurface layer. The structure 
period is determined by the diffraction intensity 
distribution on the irradiated surface. In contrast to other 
applications of interference effects [14], we used the 
laser radiation with under-threshold energy density. The 
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obtained results can be used for the development of laser 
technologies for the fabrication of microelectronic 
devices. 
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