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The method of grids was used to calculate thermoelastic stresses on GaAs surface
caused by a non-destructive laser exposure with diffraction spatial intensity modulation
from a screen with a rectangular cut-out. The structure of irradiated near-surface layers
of samples was studied using optical method. Periodic insular structures formed due to
diffusive redistribution of defects were revealed using the level-by-level chemical etching.

MeTomom ceTOK MPOBOAMJICS PacueT TePMOYIPYIMX HAIPSKeHWd Ha mosepxuoctu GaAs,
BOBHUKAIONMX [IPH HEePaspyIIalolieM Jas3epHOM OOJydeHUH ¢ AUMDPAKIUOHHON IIPOCTPAHCT-
BEHHOI!I MOAYJIANMNENl MHTEHCUBHOCTH OT HEIPO3PAYHOTO 9KPAHA C IPAMOYIOJbHBIM BHIPE30OM.
OnTryecKMM METOMLOM HCCJIeI0BAIACh CTPYKTypPa OOJYUYEHHBIX IIPUIIOBEPXHOCTHBIX CJIOEB
KpucTtayiaoB. [IocIOMHBIM XUMUYECKUM TPABJIEHUEM BBIABJIEHBI I€PUOAUUYECKUE OCTPOBKOBBIE
CTPYKTYPBI, OOpasoBaHHEIE B pedyibrare Audg@y3rnoHHOro IepepacupeneneHusi ge)eKToB.

The great interest in study of nano-sized
structures [1, 2] stimulates the elaboration
of promising methods for creation of quan-
tum points (QP). The ways are known to
obtain homogeneous arrays of three-dimen-
sional QP with cross-sectional regularity in
the InNAs—GaAs system by means of molecu-
lar beam epitaxy and gas-phase epitaxy
from vapors of organometallic compounds
[3, 4]. The QP creation using the self-or-
ganization phenomenon on a crystal surface
under irradiation by a laser pulse appears
to be a promising technique [5, 6]. In such
technology, the parameters of generated
structures are defined by the substrate
properties, therefore, there are difficulties
in control of periodicity and sizes of indi-
vidual structure elements. Usage of differ-
ent techniques for spatial modulation of the
laser exposure sets unambiguously the en-
ergy distribution on the sample surface and
provides the effective periodicity control of
created structures [7—-10].
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In this work, studied is a non-destructive
mechanism of periodic defective structures
formation by a laser radiation with diffrac-
tion-modulated intensity. Such irradiation
creates laterally periodic gradients of ther-
moelastic stresses in the crystal near-sur-
face layer. These stresses cause diffusive
redistribution and grouping of point defects
[11]. The field of thermoelastic stresses is
calculated by computer simulation of dif-
fracted laser radiation absorption by the
crystal surface. The intensity factor of the
diffraction picture at the edge of a half-
plane [12] is

2 2 (1)
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where parameter v =—x (2/(Ab)) 172; A, the
optical radiation wavelength; b, height of
the half-plane edge above the irradiated sur-
face. The Fresnel integrals look as
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Here, du is normalized amplitude of the ele-
mentary vector of the light wave electric
field strength; the integrands are its projec-
tions. The intensity factor of the diffraction
picture at the edge of a screen parallel to
the semiconductor surface and having a rec-
tangular cut-out is calculated as product of
intensity factors from two orthogonal half-
planes forming the screen (Fig. 1, inset):

K =K (%) - K1) (3)

The light intensity gradient will have
maximum values along the bisector of the
rectangular cut-out (Fig. 1).

Thermoelastic fields arise in the near-
surface semiconductor layer due to the dif-
fraction-modulated irradiation. The method
of grids was used to solve numerically the
second order differential equation [13]
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where ¢ is specific heat; p, density of mate-
rial; T, temperature; ¢, time; 2z, coordinate
in the direction normal to the surface; k,
heat conductivity; g, heat power generated
in a unit volume of material due to absorp-
tion of the laser radiation. In a thin surface
layer of depth £, the heat power is g = hq,a,
where g, is the power of the diffraction-
modulated irradiation (Fig. 1); «, light ab-
sorption coefficient of the surface. Approxi-
mations of experimental data were used to
take into account the temperature dependence
of ¢, k and «. The temperature of the sample
undersurface was assumed to be constant.
When solving the equation by the
method of grids, we have arranged the
nodes on the coordinate plane z(¢) at a step
h along the axis z and at a step t along the
time axis ¢. The nodes were numbered start-
ing from the zero one, which in the initial
instant is placed on the sample surface. Let
the temperature in the node with coordi-
nates z = nh and t = jt be TJ. The differen-

tial equation is changed by a difference
equation [14]
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Fig. 1. Relative light intensity as a function
of the distance from the edge of the screen
projection along the bisector of the rectangu-
lar cut-out. Inset: scheme of irradiation.
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The boundary condition on the sample
surface is the heat balance equation for the
boundary layer of depth A. For the bound-
ary where the laser radiation with a power
density W is absorbed, we have

(Tt - ThChph = Wr + Eyu(Ti™t — 5y /. (6)

There is no heat flow through the sample
undersurface (n = N), that is why the equa-
tion of the heat balance looks as

(Tt - Th)Chph = Wr + Byt - 5 /h. (1

The initial condition sets the initial tem-
perature distribution over the sample depth
T(x,0) = Ty = 300 K. When the sample is irra-
diated by a laser pulse of duration t,, and when
the the sample thickness H = Nk > (kt,/(cp))1/2,
it is possible to consider the sampf)e under-
surface temperature during the time 1, to
be constant. For GaAs sample and laser
pulse duration 1, =1 ms, H > 0.2 mm. In
that case, it is possible to use the condition

Tﬁl = Ty. The power density distribution in

the laser beam W = Wocos2(nr/D) was close
to Gaussian one, where W, is power density
in the laser spot center; D, the spot diame-
ter; r, distance from the spot center.

The distribution of the surface tempera-
ture maximum along the bisector of the rec-
tangular cut-out for the GaAs sample sub-
jected to a ruby laser pulse of 1 ms dura-
tion and energy density 12 J/cm?2 is shown
in Fig. 2. In the area of interest, apart
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Fig. 2. Distribution of the surface tempera-
ture along the bisector of the rectangular
cut-out.

24 pm from the vertex of the rectangular
cut-out along its bisector, the maximum en-
ergy density varied due to diffraction
modulation within limits from 11.5 J/cm?2
up to 12.8 J/em2. The sample surface layer
heated by the laser pulse lies on a cold sub-
surface layer, which hinders the heat ex-
pansion of the surface layer. Thus, the sur-
face layer is subjected to a compressive
strain. A thermoelastic stress o = EB(T —
Ty) arises in the surface layer, where E is
modulus of elasticity; B, linear thermal ex-
pansion coefficient. To the maximum tem-
perature, the maximum stress corresponds,
to the minimum temperature, the minimum
one. The surface distribution of thermoelas-
tic stresses repeats the temperature distri-
bution. The minimum stress is equal to
463 MPa and the maximum one, to
507 MPa. The period of the thermoelastic
stress gradient distribution along the bisec-
tor of the rectangular cut-out in area re-
mote from the screen edge (Fig. 3) is equal
to that of the surface temperature distribu-
tion (Fig. 2). The distribution of the ther-
moelastic stress gradient in the surface
layer plane is shown in Fig. 4.

Samples of GaAs single-crystal, trade-
mark AGChT-1-25a-1, with the (100), (110),
and (111) planes prepared by chemical pol-
ishing were studied in experiment. The
samples were irradiated by a ruby laser
(A = 0.694 pm) working in the free genera-
tion mode (t =1 ms). The pulse energy
<350 mdJ, the laser spot diameter was about
3.5 mm. The diffraction spatial modulation
was provided by a screen with rectangular
cut-out. The screen was placed on the sam-
ple surface in edge area of the laser spot,
where the intensity is insufficient for melt-
ing and cracking. The value of energy density
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Fig. 3. Distribution of the thermoelastic
stress gradient along the bisector of the rec-

tangular cut-out.
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Distribution of the thermoelastic
stress gradient in the surface layer plane.

Fig. 4.

in this area 12 J/cm? was utilized for com-
puter simulation of the process. The irradia-
tion scheme is shown in the inset to Fig. 1.
To achieve maximum shear stresses, an
out-of-focus laser beam was used [15]. No
changes of the sample surface relief were
noticed by optical methods in the zone irra-
diated with diffraction intensity modula-
tion. After subsequent level-by-level metal-
lographic etching in AB solution [16], a pe-
riodic structure (Fig. 5) characteristic of
this kind of diffraction was revealed. The
period of this structure coincides with theo-
retically calculated one (Fig. 8) and at the
distance about 25 um, it is equal to the
irradiation wavelength. A similar periodic
relief from the diffraction-modulated laser
beam was observed before [17, 18], but in
those experiments, the surface became dam-
aged due to a local melting in the diffrac-
tion maxima. In our experiments, the power
density was insufficient for melting. The
inhomogeneous stress distribution on the
surface creates a flow of vacancies along
the compressive stress gradient [11]. A dif-
fusive redistribution of point defects with
formation of insular structure occurs in a
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Fig. 5. A periodic relief revealed by chemical
etching in GaAs surface layer irradiated by a
laser pulse with a diffraction spatial modula-
tion. The image is taken at the distance ~ 25 pm
from the rectangular cut-out along the bisector.

near-surface semiconductor layer. In con-
trast to the previous experiments [17], such
surface changes cannot be revealed in opti-
cal examinations without special chemical
etching. The areas where defect concentra-
tion is higher are etched faster [19]. As a
result, a periodic surface relief in the form
of islands with diameter equal to half of the
radiation wavelength is revealed in the
near-surface layer. The structure remains
stable at 20 °C. No noticeable changes of
the relief were found after one-year storing
of the irradiated samples.

It has been found that due to relaxation
of thermoelastic stresses, no periodic relief
is formed under the influence of high laser
energy densities in the cracking zone. The
similar point structures can be formed by
laser irradiation through technological
masks used in the chip manufacturing. A
short-wave laser radiation must be used for
obtaining QP of smaller size. The proposed
technique can be used for creation of quan-
tum dimension device structures. The possi-
ble redistribution in the system of point de-
fects stimulated by the radiation and de-
pending from the quantum energy, power
and duration of irradiation, concentration
and nature of the doping agent in the single
crystal must be taken into account when
laser technology of device manufacturing is
used. Investigations of this problem are re-
ported in [20, 21]. The formation opportu-
nity of device structures as the “buried”
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Schottky barriers formed by As clusters in a
n-GaAs matrix is surveyed in [22].
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dopmMyBaHHA NMEPiOAUUHOL CTPYKTYpPH
y npunoBepxHeBomy mapi GaAs r1a3epHMM mpoMeHeM
3 TUuPaAKIiHHOW MOAYJIAIICI0 iHTEHCUBHOCTI

A.C.Mockanv, B.O.Hadmouiii, M.M.I'onodenko

MeromoM CiTOK BUKOHAHO PO3PAXYHOK TEPMOINPY:KHUX HAIPY:KeHb Ha moBepxHi GaAs,
110 BUHUKAIOTH IPU HEepPyUHIBHOMY Jla3epHOMY OIIPOMiHeHHi 3 AudpakIifiHOI0 IPOCTOPOBOIO
MOAYJAIiel0 iHTEHCUBHOCTI BiJi Hempo3oporo eKpaHa 3 NPAMOKYTHUM BupisoM. OnrtuyHUM
MeTOAOM IOCJiIKyBajlacd CTPYKTypa OINPOMiHEHWX NPUIOBepXHeBUX IapiB kpucrauais. Ilo-
NIapOBUM XiMiUHMM TpaBJeHHAM BUABJIEeHI HepiofnyHi OCTPiBIEBi CTPYKTypHU, IO YTBOPeHi
BHACJHiOK audysiliHoro mnepepo3noniny gedeKTiB.
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