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INTRODUCTION

The laser annealing of defects in ion-implanted
semiconductor layers by a pulsed laser light is well
understood [1, 2]. The combined effect of the electronic
excitation, heating, and deformation of surface layers
of a semiconductor is essential for the inverse processes
of laser-induced point-defect formation (and other
atomic rearrangements) [3, 4]. Unlike the case of quasi-
one-dimensional irradiation [5], when shear deforma-
tions inside the illuminated surface area are insignifi-
cant, defect formation and destruction in semiconduc-
tors (and metals) under local irradiations (with a laser
spot size of 

 

ω

 

 ~ 10–100 

 

µ

 

m) are characterized by so-
called dimensional effects [6–8] and by strengthening
of the influence of shear deformations and stresses aris-
ing in a semiconductor [9–11].

The formation of point and nanodimensional
defects under conditions of local repeated irradiations
controlled by the number of irradiation pulses 

 

N

 

 and
other parameters can develop intensely only in inelasti-
cally deformable semiconductor surface layers [6–11].
It has been shown previously [10, 11] that these inelas-
tic processes are limited in the energy density of laser
pulses 

 

W

 

 from below by the region of linear photoa-
coustics [12–16] (

 

W

 

0

 

 thresholds) and from above by
uncontrolled destruction processes with a sharp reduc-
tion in the intensity of light specularly reflected from
the semiconductor or metal (

 

W

 

d

 

 thresholds) [17–21].

The accumulation of laser-induced point defects
from pulse to pulse [9–11, 22] and their interaction with
each other via the strain field of the elastic continuum
[23] can result in the self-organization of defects, i.e.,

in the formation of their clusters and periodic defect-
deformational nano- and microstructures [24].

Recently, the features of processes of self-organiza-
tion of laser-induced point defects, which were found
for the first time under conditions of scanning local irra-
diation just at the initial stages of the inelastic photode-
formation of germanium, have been investigated by
atomic-force microscopy (AFM) (Fig. 1) [25]. The con-
clusion about the inelastic nature of the processes insti-
gated studies of germanium [6, 7, 10] by photoacoustic
microscopy based on the laser beam deviation tech-
nique [26]. It turned out that the transition from
repeated pseudoelastic deformations of micron-sized
areas of a semiconductor to inelastic deformations
occurs already at the level of rather insignificant shear
deformations, 

 

10

 

–5

 

 < 

 

ϕ

 

0

 

(

 

W

 

0

 

)

 

 ≡

 

 (

 

dU

 

z

 

/

 

dr

 

)

 

max

 

 < 10

 

–4

 

, where

 

U

 

z

 

 are effective normal quasi-elastic (i.e. reversible
angstrom-sized [10, 26]) displacements of surface
atoms during irradiation, 

 

r

 

 are micron-sized distances
along the radius of the beam from its center, and

 

W

 

0

 

 ~

 

 

 

0.1

 

 J/cm

 

2

 

 is the corresponding threshold of the
incident energy density in the center of the laser spot in
submicrosecond laser pulses [9–11, 25].

Defect formation in Ge near the 

 

W

 

0

 

 thresholds was
studied by the field effect technique [9], diffuse and
Raman scattering of light [10], and by molecular lumi-
nescent probes [10]. The mode of laser scanning,
shown schematically in Fig. 2a, was applied to the
AFM [23] and to the electrophysical and optical tech-
niques mentioned above. The action of a laser beam
with the wave length 

 

λ

 

 = 0.53 

 

µ

 

m and the depth of opti-
cal absorption ~10

 

–5

 

 cm was carried out in several scan-
ning areas (each 3 

 

×

 

 5 mm in size) [10, 23]. Fixed (with
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an accuracy of ~5–10%) incident energy densities 

 

W

 

i

 

and 

 

N

 

 = const 

 

~ 10

 

3

 

 were used inside each scanning
area. Only the energy density 

 

W

 

i

 

 (near the 

 

W

 

0

 

 thresh-
olds) changed in the transition from one scanning area
to another (Fig. 2a), and the total number of irradiations
and photodeformations arising in the semiconductor 

 

N

 

remained constant.

A comparison of the results of studies of Ge by the
specified experimental methods in different scanning
areas (in the same semiconductor samples [10, 25])
makes it possible to establish the hierarchy of defect
formation processes with increasing 

 

W

 

 and, hence, with
growing amplitudes of shear deformations and corre-
sponding subsurface stresses [7, 8] in the semiconduc-

tor. Thus, “vertical” transitions near 

 

W

 

0

 

 were studied in
[9–11, 25] in the half-logarithmic curves of thresholds
of catastrophic destructions 

 

W

 

d

 

(

 

N

 

)

 

 [11], which, for
semiconductors and metals, appeared [17–21, 27] quite
similar in form to the known Wöhler curves [28, 29]
(Fig. 2b).

EXPERIMENTAL NANOSTRUCTURES
AND STATEMENT OF THE RESEARCH 

PROBLEM

It turned out that a rather weak (and consequently
relatively safe for the semiconductor) point defect for-
mation occurs in the pseudoelastic (

 

W

 

 < 

 

W

 

0

 

) conditions
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Fig. 1.

 

 (a) Nonoriented cluster formation, (b) generation of two-dimensional periodic lattices, and (c) generation of spatial profiles
of irreversible normal displacements 

 

∆

 

U

 

z

 

 at initial stages of the inelastic (

 

W

 

 > 

 

W

 

0

 

) photodeformation of Ge according to the data
taken from [25]. For both images (a) and (b), the image size is 2300 

 

×

 

 2300 nm. The lattice periods 

 

a 

 

and 

 

b

 

 are given in the text.
The vertical and horizontal directions in panels (a) and (b) correspond to the 

 

y

 

 and 

 

x 

 

axes in Fig. 2a.
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Fig. 2.

 

 (a) Schematic representation of the laser scanning of a semiconductor. Rectangular regions of 

 

L

 

y

 

 

 

≈

 

 5

 

 mm long (along the

 

y

 

 axis) and of 

 

L

 

x

 

 

 

≈

 

 3

 

 mm wide (along the 

 

x 

 

axis) were scanned by a periodic pulsed laser beam with the size of a single-mode light
spot 2

 

ω

 

 

 

≈

 

 70 

 

µ

 

m on a sample. The scanning step along the 

 

x

 

 axis was 

 

δ ≈

 

 5–10 

 

µ

 

m, and the beam scanning velocity along the 

 

y

 

 axis
was 

 

ν

 

0

 

 

 

≈

 

 1–5 mm/s. Pulses with the characteristic duration 

 

τ ≈

 

 0.4–0.5 

 

µ

 

s followed with a repetition frequency 

 

f

 

p

 

 ~ 10

 

4

 

 s

 

–1

 

 [25]. Desig-
nation: 

 

W

 

i

 

 is the incident energy density. (b) “Vertical” trajectory (arrow) of the variation of the incident energy density

 

 W

 

 at the

center of a laser spot near thresholds 

 

W

 

0

 

 

 

≈

 

 70 mJ/cm

 

2

 

 [6, 7, 10, 11] upon transition from one rectangular scanning area of Ge to
another (

 

i

 

) against a typical kinetic curve of the thresholds of catastrophic destructions 

 

W

 

d

 

(

 

N

 

)

 

 of micron-size regions of a semicon-
ductor (and other materials) [17–21, 27] presented in half-logarithmic coordinates of fatigue Wöhler curves [28, 29].
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of Ge photodeformations, which does not resulting its
fatigue destruction down to 

 

N

 

 

 

≥ 106–107 [6, 7, 9, 10]. At
early stages of inelastic (W0 < W < 1.2–1.5W0) photode-
formations of Ge (N ~ 103, Fig. 2b), more intense, but,
as previously, hidden (latent) accumulation (from pulse
to pulse, [22]) of point defects occurs in the majority of
the scanning areas [9, 10, 25]. As well, the quasi-homo-
geneous distribution of their concentration is preserved
as well as the character of the random nanorelief along
the semiconductor surface [25].

According to the theory [23, 24], primarily, spatially
unoriented nanosized defect clusters emerge with the
further accumulation of defects in the inelastic regime
of Ge photodeformations (Fig. 1a) [25]. Then, further
self-organization of light-generated point defects
(mostly, vacancies and interstitial atoms in a semicon-
ductor, or deep electron traps and fluctuation defects in an
oxide film) occurs at W ≥ Wl ≈ (1.2–1.5)W0 [9, 10, 25].
These processes of self-organization of defects and
their clusters result in the formation and evolution of the
convexo-concave two-dimensional (and one-dimen-
sional) periodic nanostructures (Figs. 1b, 1c) [25].
A qualitative consideration of the reasons of the forma-
tion of these structures is given in [25] on the basis of
the defect-deformational approach [24].

In this work, a quantitative DD model [10, 25] is
developed for the formation and evolution of periodic
nanostructures of point defects and the surface relief of
semiconductors, (Ge) which describes experiments on
inelastic deformation under scanning multipulse irradi-
ation. This model gives expressions for the period and
the time of formation of a nanostructure, as well as for
the critical concentration of defects exceeding which
the formation of the structure occurs. The model also
provides an interpretation of the following experimen-
tal facts that remained unexplained in [25]:

(1) at W ≥ 1.2W0, the period of structures dy ≈ 350–
400 nm (size b in Fig. 1b) along the direction of beam
scanning (y) was substantially smaller than the lattice
period dx ≈ 550–600 nm (size a in Fig. 1b) across the
scanning direction (x);

(2) at W ≥ 1.5–1.6W0, the individual convexities of
the two-dimensional nanorelief merged along the direc-
tion of laser scanning (y) into parallel strips; i.e., quasi-
one-dimensional (along x) submicron lattices of a relief
with the period dx were formed from the two-dimen-
sional ones;

(3) along with the relatively small-scale periodic lat-
tice of the nanorelief in Ge mentioned above, additional
generation of formations with a large (several microns)
spatial period of the relief was observed [25].

Let us also note that the role of interstitial defects in
self-organization processes still remains to be clarified.
These defects presumably participate in the formation
of convexo-concave periodic nanostructures [25] along
with vacancies, which are injected into the Ge depth by
the “vacancy pump” mechanism [10, 29].

CLOSED SYSTEM OF EQUATIONS DESCRIBING 
DD INSTABILITY ON THE SURFACE

Let us assume that the most intense generation of
point defects (vacancies and interstitials in Ge, or
defects in an oxide film [9, 10, 25]) near W0 thresholds,
occurs mainly due to the induction of critical shear
stresses under local laser irradiation [6–8]. Then, the
thickness of the surface layer γ–1 enriched with defects
by the vacancy pump mechanism [29] depends on the
diffusion coefficient of defects and on the total (for N
photodeformation cycles) duration of the stressed state
of Ge [10] and amounts to about several micrometers
[25]. Similar (the micron-level) estimation of γ–1 also

gives a thermal length of lT =  ~ 3 µm (χ ~
0.33 cm2/s is the thermal diffusivity of Ge; τp ~ 0.4 µs
is the laser pulse duration). The second scaling param-
eter is the parameter h. The thickness of the defect-
enriched surface layer initially presented in the sample
due to technological pretreatment [3, 4] or the depth of
the space-charge region [30] can serve as this parame-
ter. In both cases, h ~ 10–5 cm � γ–1 ~ 10–4 cm. The two
scaling parameters, h and γ–1, determine two different
(nanometer and micrometer) scales of surface DD
structures. Since in this work we are basically inter-
ested in the formation of DD nanostructures, we will
focus our attention on the scaling parameter h.

Let us consider a defect-enriched surface layer of
thickness h (z direction), length Ly (y direction), and
width Lx (x direction) as a “film” bonded to a substrate,
which is the underlying part of a crystal. The z axis is
directed inward the medium from the free surface of the
film (z = 0). It is supposed that this layer differs in its elas-
tic parameters from the underlying part of the crystal.

One may also assume that, because critical shear
stresses generate microplastic deformations in the bulk
of Ge [6–8] at thresholds W0 [8–10], the near-surface
(i.e., lying nearer to the surface) defective film of thick-
ness h can shift rather easily in the horizontal direction;
i.e., its bond with the substrate is weakened.

Let us also take into account that the lattice constant
of a film saturated with dislocations is smaller than that
in a dislocation-free crystal (subtraction dislocations).
Then, because the deformation and the dislocation den-
sity are rather small outside the rectangular (Fig. 2) area
of laser scanning, the film of thickness h would be
under biaxial surface tension (along the x and y axes).

Because the linear dislocation densities (per unit
length of a semiconductor) in the laser scanning direc-
tion (y) and in the perpendicular direction (x) are differ-
ent as a result of the specificity of scanning conditions,
the tensile stresses in the specified directions will also
be different. Let us further characterize this defect-
induced elastic anisotropy in a film h by the factor k ≡
σx/σy. The numerical value of k depends on the charac-
teristics of laser scanning; its estimation for the experi-
ments [9, 10, 25] is given below.

χτp
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In an effort to describe the symmetry, period, and
time of formation of a DD structure, we limit our con-
sideration to only the initial (linear) mode of DD insta-
bility. Considering the redistribution of defects only
along the surface, we obtain the equation for their con-
centration

(1)

where Nd(x, y, t) is the defect concentration on the sur-
face.

The surface flow of defects consists of the diffusion
and deformation-induced parts. Surface diffusion and
drift are considered to be isotropic in the model equa-
tions. Then, the influence of the stress-induced anisot-
ropy of diffusion and drift is taken into account:

(2)

Here, Dd is the diffusion coefficient of defects (the dif-
fusion is supposed to be isotropic), dKa3signθd is the
defect deformation potential (K is the modulus of elas-
ticity, a is the unit cell size), uf is the vector of the dis-
placement in the film, kB is the Boltzmann constant, the

operator ∇ = ex  + ey , and ex and ey are the unit

vectors along the x- and y axis, respectively.
Using Eq. (2), from the equation of continuity, we

obtain the diffusion equation for Nd with the drift taken
into account:

(3)

where ∆ =  + .

The deformation of the film divuf is expressed in
terms of the film bending coordinate ζ, which measures
the displacement of the film midplane points from their
equilibrium positions along the z axis, by the equation [31]

(4)

where ν = (1 – 2σ)/(1 – σ), σ is the Poisson ratio of the
film.

The coordinate ζ obeys the equation that results
from the generalization of the conventional bending
equation of a free film [31]:

(5)

where c (cm/s) is the coefficient of rigidity of the film,

 = h2/12, and ρ is the density of the semiconductor.
The terms σx and σy introduced into Eq. (5) take into
account the influence of the anisotropic lateral tensile

nd x y z t, , ,( ) Nd x y t, ,( ) γz–( ),exp≡

jd Dd∇Nd– NdDd

θd

kBT
---------∇ divu f( )z 0= .+=

∂
∂x
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∂y
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∂Nd
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2
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∂nd

∂z
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0

h

∫=

l0
2

stress. In the second term in the left-hand side of
Eq. (5), we neglect the mixed derivatives ∂4/∂x2∂y2,
which make a contribution on the order of σi/ρc2 � 1.
The right-hand side of Eq. (5) takes into account the
stress normal to the film surface, arising from the inho-
mogeneous distribution of defects along the z axis.

The set of Eqs. (3)–(5) subject to Eq. (1) is a closed
system of equations describing the DD instability on a
surface.

GROWTH INCREMENT AND THE PERIOD 
OF SURFACE DD LATTICES

Let us represent the concentration of defects on a
surface as

where Nd0 is the spatially homogeneous part, and Nd1 =
Nd1(x, y, t) is the spatially inhomogeneous part of the
surface concentration of defects. Assuming that the
deformation is adiabatically adjusted to the defect sub-

system (  = 0 ), we obtain the following equation

from Eq. (5) after integration under the condition γh � 1:

(6)

where A = , and the characteristic scale parame-

ters of DD lattices with the wave vectors along x and y:

(7)

Linearizing Eq. (3), we obtain, in view of Eq. (4),
the equation

(8)

where B = .

Assuming that the defect concentration and the film
bending coordinate in the DD lattice are described by
the equations:

where r = (x, y), we obtain from Eqs. (6) and (8) the set
of two homogeneous equations for the Fourier ampli-
tudes Nq and ζq, whence we have for the increment of
instability

(9)

Nd Nd0 Nd1,+=
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⎞

∆2ζ 1
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where ϕ is the angle between the vector q and the x
axis.

When the stresses along x and y are equal to each
other (lx = ly), the dependence on the angle ϕ in Eq. (9)
disappears. However, the renormalization of the diffu-
sion coefficient Dd = Dd0exp[–(E – νσ)/kBT] by the
stress σ should be taken into account, where E is the
diffusion activation energy, and ν is the activation vol-
ume. Then, the diffusion coefficient and, consequently,
the increment (9) possess the maximum value for the
directions along which the stress σ is applied, i.e., along
the x and y axes.

In view of this, we find that the dependence
λq = λ(ϕ, q) (9) selects the DD lattices by the angle ϕ
and the wave number q. As functions of the angle, a lat-
tice with q||ex(cosϕ = 1) and a lattice with q||ey(sinϕ = 1).
In the first case, we obtain from Eq. (9) the following
dependence of the increment of the lattice with q||ex on
the wave number:

The dependence λq reaches a maximum value at q =
qmx, and

(10)

The maximum value of the increment for the lattice
with q||ex is

(11)

Here, Ncx is the critical concentration of the formation
of the DD lattice with the wave vector qmx along the
x axis,

(12)

The period of the dominant DD lattice with the wave
vector directed along the x axis is dx = 2π/qmx. With an
excess over the critical concentration Ncy, the expres-
sion for which is obtained from Eq. (12) by the replace-
ment x  y, the DD lattice with the wave vector qmy

directed along the y axis and the period dy = 2π/qmy is
formed. The expressions for qmy and λmy follow from
Eqs. (10) and (11), respectively, upon replacement of
σx  σy. Thus, the expression for the period of two
lattices with the wave vectors qmx and qmy can be repre-
sented in unified form:

(13)

λq Ddq2– Ddq2Nd0lx
2 AB

1 lx
2q2+

------------------.+=

qmx
1
lx

---
Nd0

Ncx
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1/2
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λmx Ddqmx
2 Nd0/Ncx 1–( )=

=  
Dd Nd0/Ncx 1–( )2

lx
2

----------------------------------------------.

Ncx σx
kT

νθd
2

--------.=

di

2πli

Nd0

Nci

-------- 1–⎝ ⎠
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1/2
--------------------------------,=

where li and Nci are specified for the case i = x by
Eqs. (7) and (12), respectively, and are obtained for the
case i = y from Eqs. (7) and (12) by the replacement of
σx  σy.

The resulting surface DD structure is obtained as a
superposition of two surface DD lattices with the wave
vectors directed along the x and y axes

(14)

(15)

with the periods along x and y axes specified by
Eq. (13).

The absolute extrema of the two-dimensional super-
position DD structure specified by Eqs. (14) and (15)
form a two-dimensional rectangular cellular structure
on the surface.

DISCUSSION AND COMPARISON 
WITH EXPERIMENT

The prediction of the formation of the two-dimen-
sional rectangular cellular structure of a surface relief
(15) by the DD model under the conditions of experi-
ments [25] corresponds to the results obtained in [25].

Let us estimate the critical concentration of defects
at which a DD lattice is formed in Ge and the period of
the lattice. Provided kBT = 5 × 10–2 eV, (T = 600 ä),
σx = 109 dyne cm–2, θd = 50 eV, h = 10–5 cm, we have
Ncx ~ 1016 cm–3 from Eq. (12). Provided ρ ≈ 5.3 g cm–3,
c = 105 cm s–1, and Nd0/Ncx = 102 (Nd ~ 1018 cm–3), we
have dx ~ 4 × 10–5 cm from Eq. (13) for the period of the
DD lattice, which is close to the experimental value.
The nonequilibrium diffusion coefficient of defects at
which the formation of a DD structure can form during
time tform will be estimated from the condition λmxtform ~ 20.
Using Eq. (11) for the increment, we obtain Dd =

20 /4π2tform. Using the estimate tform ~ Nτdef ~ 10–2 s
(N = 103 is the number of pulses, and τdef = 10–15 µs is
the characteristic relaxation time of local quasi-static
photodeformations of Ge after each pulse [10, 25]), we
have Dd ~ 10–7 cm2/s. This means that a DD structure
can form during the total time of existence of the
stressed state of the semiconductor [10], which arises
after each irradiation pulse (τp ≥ 0.4 µs [15, 16]) if the
stress and temperature in Ge increase the diffusion
coefficient of defects as compared to the equilibrium
value. It is known that extrapolation of the diffusion
coefficient of vacancies in Ge to room temperature Dν ~
4 × 10–8 cm2/s [29] is only slighty lower than the above
estimation of Dd. This is indirect evidence of rather

Nd1 Nqmx
iqmxx λmxt+( )exp=

+ Nqmy
iqmyy λmyt+( )exp c.Ò.,+

ζ ζqmx
iqmxx λmxt+( )exp=

+ ζqmy
iqmyy λmyt+( )exp c.Ò.+

dx
2
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low-temperature (i.e., far from the melting point [11])
character of the studied formation of DD lattices [25].

To obtain a quantitative assessment of the ratio of
periods dx/dy, let us find the defect-induced anisotropy
factor k for the scanning mode used in [25] (Fig. 2a).
Let us consider the direction x in the rectangular scan-
ning area. The tensile stress along the x axis σ1x = Ka/Lx
arises when one vacancy disk (subtraction dislocation)
whose plane is perpendicular both to the surface and
x axis is located in this area. Let Nx (cm–1) dislocation
lines perpendicular to the x axis be formed on the sur-
face per unit length along the x axis as a result of laser
action (i.e., Nx vacancy disks are inserted per unit length
perpendicular to the x axis). The total number of these
dislocation lines at length Lx is NxLx, and the full tensile
stress along the x axis is equal to σx = σ1xNxLx = KaNx.
Given K ~ 1012 dyn/cm2, a ~ 5 × 10–8 cm, Li ~ 0.1 cm,
Nx ~ 2 × 106 cm–1 (the density of laser-induced disloca-
tions under multipulse irradiation is ~ 1012 cm–2), we
have the estimate σi ~ 1010 dyn/cm2. In the same way,
we obtain σy = KaNy. Then, provided Nd0 � Nci, we
obtain from [22] dx/dy = (σy/σx)1/4 = (LyNy/LxNx)1/4. Since
the same number of dislocation lines (both along y and
along x) arise upon each pulse in the laser spot, the lin-
ear density of dislocation lines perpendicular to the x
and y axes is proportional to the number of centers of
laser spots fitting into length Lx and Ly upon scanning:
Nx = const(Lx/∆x) and Ny = const(Ly/∆y), respectively.
Here, ∆x = δ and ∆y = (ν0/ fp) are the center distances
between adjacent laser spots on the sample along the x
and y axes, respectively (δ ≈ 5 µm is the scanning step
along the x axis, ν0 = 5 mm/s is the beam scanning
velocity along the y axis, and fp ~ 104 s–1 is the laser
pulse repetition frequency). Then, the anisotropy factor
of the dislocation-induced stress is given by 

at Ly ≈ 5 mm and Lx ≈ 3 mm. Using this estimation and
Eqs. (13) and (7), we obtain dx/dy = (σy/σx)1/4 ~ 2, which
is in satisfactory agreement with the experimental value
dx/dy ≈ 1.5 ± 0.1.

With the growth of the energy density in the pulses
W (mainly, at W > W0 [6, 9, 10, 25]) and the correspond-
ing growth of the defect concentration Nd0, the period of
the DD lattice must decrease (Fig. 3) according to
Eq. (13). This reduction in the period occurs via the
rearrangement of the DD lattice by means of the escape
of defects from the self-consistent deformation wells of
the old lattice and the deformation-induced drift of
defects into the deformation wells of the rearranged lat-
tice. Because σy > σx (by a factor of 10, according to our
estimations), the stress-renormalized diffusion coeffi-
cient of defects [32] along the y axis can be greater than
the analogous diffusion coefficient along the x axis.
Therefore, the deformation-induced drift flow of
defects along y exceeds that along x. This can explain
the established fact [25] that only the DD lattice with
the wave vector qmy is rearranged with the reduction in
its period as the energy density W increases (at N ~ 103).
This process results in the fact that only one DD lattice
with the wave vector qmx eventually remains.

Let us note that similar DD instability can also occur
simultaneously and independently in a thicker defect
layer (“film”) γ–1 ~ 10–4 cm thick. The arising modula-
tion of the surface relief must have a micron-size period
and can be responsible for the slow (micron-level)
modulation of the nanometer relief of the surface
observed in [25].

CONCLUSIONS

Thus, the linear theory of DD instability developed
in this work in the model of a biaxially stressed defec-
tive film is able to describe the basic experimental data
on the multipulse laser-induced formation and evolu-
tion of surface nanostructures in inelastically photode-
formed Ge [25]. More detailed specification of the
shape of DD structures, i.e., quantitative description of
the spatial profiles of germanium “nanoasperities” and
“nanovalleys” arising around them (Fig. 1c) [25],
requires a nonlinear analysis of this model and detailed
specification of the role of vacancies and interstitials in
the formation of DD nanostructures on the Ge surface.
In summary, note that the developed model of DD self-
organization is also applicable for the description of the
self-organization of nanostructures observed upon pho-
todeformation of other semiconductors, in particular,
GaAs [27] and Si.
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Fig. 3. Dependence of the period of a defect-deformational
lattice di(n) on the excess over the threshold of lattice for-
mation Nd0/Nci = n. The dependence is plotted using
Eq. (13) at values of parameters specified in the text and
σi = 109 dyn/cm2.
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