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Thermodynamic and kinetic formation of a sub-monoatomic adsorbed film under it
precipitation from the atmosphere of vapor phase upon atomically smooth single-crystal
surface in and subjected to rapid quenching is studied. Early and late time asymptotics for
the coverage dispersion as well as the scaling behavior of the average domain size is founded.
In considered case average size of inhomogeneity on the late stage increase of root law, but
thickness of transition region between enriched and depleted parts of film decrease of inverse
root law by time.

Paccvmorpena rtepMosumHaAMMUKA M KMHETHKa (DOPMHUPOBAHUS CyOMOHOATOMHOII amcopOupo-
BAaHHOM IJIEHKH IIPH OCAKIEHHHU ee M3 I1apoBOoil (paswl myTeM OBICTPOIl 3aKalKM HA aToMap-
HO-TVIAAKYI0 MOHOKDHCTANINYECKYIO ITOBEPXHOCTL. OmpejsesneHbl PaHHNE U [IO3IHUE BPEMEH-
Hble ACHMIITOTUKH [IJIsl AUCIEPCUM MHOKPBLITUS, & TaKyKe CKeHJIMHIOBOE IOBEJEeHNE CPeIHero
IoMeHHOro pasmepa. [lokasaHo, YTO B PACCMOTPEHHOM CJIy4yae CPemgHHiI pasMep HEeOTHOPO.-
HocTell Ha OOJIBIIIMX BPEMEHaxX PacTeT II0 KOPHEeBOMY 3aKOHY, a TOJIIHNHA IIePexXOJLHOU obJac-
TH MeXIy OOOralleHHbLIMA UM OOeJHEHHBIMH YYaCTKaMU IIJIEHKH yObIBAeT CO BPEMEHEeM IIO
3aKOHY O0OpAaTHOI'O0 KOPHS.

1. Introduction

The main attention to studying adsorption processes on a solid surface, first of all, is conditioned by
practical significance of the obtained results for technological applications. At the same time, the studying
of adsorption state allows us to obtain fundamental information about physico-chemical processes ol
submonoatomic layer formation. The studying of ultrathin (submonolayer) films both on metallic and
semiconductor substrates is of special interest, in particular, for application in microelectronics (see, e.g.
[1-4]).

The main difficulty of generalization and adequate description of experimental results is connected
with a complex character of growth process of such films, with their morphology and properties depending
on many factors, in particular, growth conditions.

It is not evident that adsorption film growing upon atomically smooth single-crystal surface in the
atmosphere of rare gas makes uniform submonolayer coverage.
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The properties of the overlayer formed in such a way depend not only on sorption capability of a
substrate, but they are determined substantially by the character of intralayer (lateral) interaction [5],
too.

If this interaction is of repulsive character, two-dimensional phase transition of order-disorder type
[6-9] will be observed in the film. Otherwise, under attractive lateral interaction, the coverage tends to
separate upon the regions enriched and depleted by the adatoms [10-12].

As is known, the surface diffusion plays an important role [13-16] in this process. However the role of
absorption/desorption processes in the kinetics of submonolayer film formation up to the present remains
unclear [17].

There is essential distinction between two mechanisms of coverage spatial inhomogeneity formation.
It may proceed either by surface uphill diffusion with continuous decrease of thermodynamic potential
down to certain intermediate (so-called spinodal) coverage rates or by the formation of two-dimensional
nucleus inside those a coverage has a true equilibrium value. However in this case, certain energetic barrier
must be overcome.

Our goal is to study in detail the deposition process onto a single-crystal substrate from a vapour
phase under low temperature. We consider the situation, when the adsorption is fast, and uphill diffusion
plays no essential role in the processes of concentration separation. Since the adsorbed overlayer is an
open system, the adsorption/desorption process of atoms from a vapour phase onto cold substrate plays
a limiting role in formation of adlayer morphology, as will be indicated below.

2. Basic thermodynamic relations

Let us consider the situation when a massive single-crystalline substrate possesses an atomically
smooth surface and is placed in a gaseous atmosphere under a pressure P. The atom deposition onto the
substrate surface may proceed from this vapour phase.

Appreciable adsorption will take place in the case when the interaction energy of adatoms with the
substrate ug (or rather a difference between the energy of atom on the substrate surface and in a gaseous
phase) is a negative one, i.e. ug < 0.

In a manner like [18], we shall consider the process of the submonoatomic adlayer formation by atom
condensation onto substrate surface.

Since in practice such type of experiments assumes high vacuum conditions, the vapour can be
considered as an ideal gas. Next, due to the infinitely small mass ratio of the submonolayer and the
substrate, we can assume that the substrate temperature 7' during the deposition process will be a
constant. So their temperatures should in fact be always coincident.

The study of the overlayer decomposition kinetics must rely on a prior thermodynamic analysis, whose
purpose is to elucidate the equilibrium states, which the adsorbate film is must be reached at the end of
relaxation.

Since we intend to construct a phenomenological theory it is necessary to introduce certain order
parameter(s) defining possible macroscopic states of the adsorbed film. For the purposes of the present
problem, it suffices to introduce a single macroscopic parameter, namely the coverage ¥ (0 <9 < 1)
defined as the ratio of the number of adsorbed atoms N,y to the total number of available interstitial
sites V.

Lateral attraction between adatoms is included into the model by introducing the negative energy of
pair-wise nearest-neighbor interaction vy, < 0

Under the specified assumptions, the mean-field nonequilibrium free energy of the atomic
submonolayer has the form

F(T,9) = =Nug¥ — 2Nug9® + NT[9lnd + (1 — 9)In(1 — )], (1)

where the last term is with an accuracy of temperature factor the overlayer configurational entropy,
9 = N,q/N is the coverage, as for the configuration number Z, here it is equal to 4. In Eq. (1) and
later on, we shall use for absolute temperature the energetic unity, i.e. we shall assume that Boltzmann
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constant is equal to the unity (kg = 1). Besides, for convenience we shall assume that wg = |uo| and
wr, = |ur|. The problem as we have posed it deals with an open system (submonolayer), whose peculiarity
lies in the fact that it is in a simultaneous contact with two different reservoirs — the substrate and the
gaseous phase. Interaction with the former is a thermal one such that imposes on overlayer the substrate
temperature. As for the vapour phase its interaction with the adsorption film is essentially of different
nature, namely it is a material contact so far as these two systems can exchange particles via adsorption
and desorption. Under these circumstances the correct thermodynamic potential to be minimized in order
to determine the equilibrium coverage is the thermodynamic potential

w(P,T;9) = f(T;9) — py (P, T)9, (2)

where f = F/N is the free energy per one adsorption site and p, is the gaseous phase chemical potential.
Once we know the potential (2) as a function of P, T" and ¢ the equilibrium value of ¢ is determined as
such that minimizes w under the given values of P and T

0w _ (91

99 ) por N9 pp
Derivative 9 /39 = 0F'/ON,q4 is by definition the overlayer chemical potential (19, T'), so Eq. (3) basically
says that the chemical potentials of the adsorbed film and the gaseous phase are equal at equilibrium:

— Mg - (3)
I=0cq

I=Deq

M(ﬁem T)= MQ(P7 7). (4)

Since the gas can be considered as an ideal one and chemical potential of it can be written in the form
[19]
Mg(P7T):T1n(P/PT)7 (5>

where Pr gives the order of magnitude of liquefaction pressure and for a single-atomic gas is expressed

by the relation
3/2
mT
Pr=T | —— ; 6
r =7 (5e) (©

here m is the mass of adatom.

Differentiating the free energy (1) with respect to the number of adsorbed atoms N,q = ¥ N yields

an explicit expression for the overlayer chemical potential

¥
11—

w(;T) = —ug —4upd+Tln (7)
Simple analysis shows that Eq. (7) defines a monotonic function of ¥ for T > T, = wy/kp and a non-
monotonic function for 7' < T, = wy,/kpg. In the latter case it is represented by a distinctive van der Waals
type loop curve with three intersection points with the chemical potential of deposed gaseous phase. The
mean intersection point corresponds to an absolutely unstable state of adsorbed layer. And two extremes
intersection points of chemical potential correspond to thermodynamically equilibrium rates of coverage,
i.e. the stable states of adsorbate.

If one takes into account spatial inhomogeneity of adsorbate overlayer, then its thermodynamic
potential of grand canonical ensemble may be presented in the form of functional

QP, T, 19):/ {W(R T719)+%7(V19)2 o ds, (8)

where o is the surface density of a number of particles; 7 is a constant evaluated as v ~ 73ur, 7o is the
characteristic radius of lateral interaction; w(P, T, 9) is the specific thermodynamic potential of adsorbed
overlayer which is described by expression (2).
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3. Derivation of kinetic equation

Suppose that we are quenched suddenly the substrate or rapidly changed a pressure of external gas.
As a result of it, circumstances of thermodynamic equilibrium (4) are disturbed. Since the adsorbed
overlayer is an open system, then either adsorption of atoms on substrate or its desorption occurs in
depending on relationship between chemical potentials of gas and adsorbed overlayer. The driving force
is a difference of atomic chemical potential in gaseous phase and in adsorbed overlayer. In other hand,
the diffusion process takes place in the course of which rearrangement of adatoms proceeds.

Thus the rearrangement process of atoms upon the substrate subjected to adsorption and/or
desorption of atoms may be described by equation of continuity with a source.

99 ) 99
i+t (5).. Y

where the source, responsible for adsorption/desorption of gas atoms onto substrate, may be presented
of the form

a9 6Q
(57) = =8 w-n) =555 (10)

therewith 3 is the sticking coefficient of adatoms to substrate, which may be evaluated as 8 ~ (tqur) *,
where t, is the characteristic time of adsorption process. An expression for the flow of adatoms may be
presented in the form

5
_ Ly 11
J= MV (11)
Here M is a generalized mobility of adatoms, which has a form
M=b9(1-19), (12)

where b is a constant depending on temperature. Substituting Eqgs. (10), (11), (12) into Eq. (9) we get
the following evolution equation:

9 pdbur(1—20) (V) +b [dup 9 (1 =) = T] A9+ by (1 — 29) (V¥, V (A)) + (13)
+oy9(1 —)AAY) =8 [ug +uo+4upd —T{In¥ —In(1 — 9} +yAY].
In order to simplify Eq. (13), let us assume that the coverage rate in adsorption layer changes in the
vicinity of 1/2, i.e.
9=1/2+ v(z, t), (14)

where v(x, t) is a variation of coverage rate providing v(z, ¢) << 1. After substituting (14) to Eq. (13)
and regrouping of terms, we get

% =5 [ug +ug+2up +4 ugv (1 — %) — %ULUS} + {—Do (1 — %) +ﬁ'y} Av+ (1)
+5DoAv? + 2by (Vo?, V (Av)) — 1byA(Av).

In Eq. (15) an expression, standing before the second derivative with respect to z of coverage rate
is the effective surface diffusion coefficient which on condition that 7" < T, turns out a negative one
(Depp < 0) as a rule at the low temperature, i.e. rearrangement of atoms along substrate may led to
uphill diffusion or spinodal decomposition. The distinctive feature of spinodal decomposition is formation
of inhomogeneous submonolayer film having the places with different coverage rate. The summand S+
in effective diffusion coefficient, caused by adsorption of atoms onto substrate, plays a role of a small
positive addition, which makes the spatial inhomogeneities to smooth. It is only an impair condition for
surface spinodal decomposition.

Some attention should be paid to two last summands in Eq. (15). One can see that the last by one
summand is smaller than the last one, therefore we should not take it into account later on.
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Next we introduce dimensionless time and spatial coordinate in Eq. (15), using the following relations:
T =1t/tsaq, §:$/To7tsd:7”g/[707 Do = buy, (16)

where ¢4 is a spinodal decomposition time, Dy is the part of surface diffusion coefficient, which is not
dependent on the coverage rate.
Then having regard to expressions (16), we get the dynamical equation of the form

v 16 1,01
57 = ¢ dt+4av 3U:|+[£ a]AU+3AU 4A(Av)7 (17)

where the following notations are introduced:

2 T
I A (18)

)
wuy, Tc

However it should be noted because of its nonlinear character the Eq. (17) is a complex one for studying
generally. However this problem can be simplified, if we notice that the key parameter determining the
character of the adlayer evolution process is the ratio of adsorption/desorption and surface diffusion
times such as € = ¢54/t,. And therefore, depending on ¢ in adlayer different scenarios can be realized. If
£ << 1 (tsqg <<t,), the spinodal decomposition takes place in submonolayer film, whereas processes of
adsorption/desorption will be go on slowly. And conversely, if € >> 1 (¢34 >> t,), the main processes
influencing the film formation will be of adsorption/desorption ones, and spinodal decomposition in this
case can not be taken into account.

4. Correlation analysis of evolution equation

Using the physical parameters characterizing adsorption [9] and surface diffusion [12] in the case
of metal atom deposition at a metal surface, we get the estimation £ ~ 10° = 10°. On condition that
£ >> 1, uphill diffusion process responsible for two-dimensional spinodal decomposition occurs quite
slowly. Therefore, in this situation, the adsorption/desorption process of atoms onto substrate from
gaseous phase will play an essentiall role in Eq. (17). Besides, we suppose, that the chemical potentials of
gas and adsorbed layer are close one to another, i.e. the parameter § << 1. Subjected to the assumptions
pointed above, the Eq. (17) takes the form

dv 16

E: |:4(1U—§U3:| +A’U, (19)
where A is two-dimensional Laplacian, 7 is a dimensionless time, with 7 = t/¢,. Here ¢, is the time
characterizing the absorption process. The initial condition should be attached to this equation

v(p: )= = volp); (20)

where p is a two-dimensional radius-vector placed in the plane of formed adsorbed film. Since in the
process of rapid cooling of substrate, the coverage fluctuations on its surfaces have a random character,
the function vg(p) appearing at the initial condition takes a random character as a function of coordinates.
It follows that the solution of evolution Eq.(19) will be a random functions of coordinates as well. So, a
necessity appears to carry out statistical analysis of Eq. (19) with random initial condition (20). After
multiplying the both parts of Eq. (19) by v(p’, 7) and averaging over ensemble of random field realization,
we obtain the equation of the form

OK (s, )

o =8 {a — %K(Q 7)} K(s, 7)+2AK(s, 7), (21)

K(s, 7) = (v(p', T)v(p, 7)) (22)

92 Functional materials, 19, 1, 2012



E.P. Feldman et al. /| An interrelation between the ...

is the two-point correlation function, with s = p’ — p. In order to obtain the closed equation for correlation
function of the second order (22) we decoupled correlator of the fourth order for random function v(p, 7)
on the product of two correlators of the second order assuming that the considered random field has the
overall non-Gaussian character. As for the initial correlation function, it would be reasonable to select
the correlation function of a Gaussian form

K(s, 0) = K(0, 0) exp(—s®/R%) =Dg exp(—s*/R3). (23)
If we carry out the Fourier transformation on the coordinate s in Eq. (21), it takes the following form

dK(q, 7)

I =8 {a — %K(Q 7)} K(q, 7) — 2(]2[((q7 7). (24)

Since Eq. (24) is an ordinary differential equation with separating variables, then under the assumption

that the function K (0, 7) is known the solution can be written formally in the form

T

K(a 1) = Ka 0)exp | [ [s(a= (/3 K0, 7)) —2¢] ar' | (25)
0

In order to find correlation function K (0, 7) we realize inverse Fourier-transform

K(0,7) = (2x) * / / K(q, 7)dqudq,. (26)

Substituting the expression (25) into integral (26), we obtain
K(0,7) = (27) * //clqggclqy[((q7 0) exp(—2¢>7) exp 8/(a —(4/3) K(0, 7))dr" | . (27)
0

We find Fourier-transform of K(q, 0), in (27), applying to initial correlation function (23) transformation
of Fourier on the s variable
K(q, 0) = mR3Dg exp(—q* R} /4). (28)

And, finally, substitution of the expression (28) into (27) yields

T

2
K(0, 1) = %exp 8/(a —(4/3) K(0, 7'))d7' | . (29)
0

Since K(0, 7) = D(7), where D(7) is a dispersion of coverage as a function of time, the integral Eq. (29)
is nothing but the condition of the self-consistency for this function. Substituting K(q, 0) from (28) into
Eq. (25), we obtain Fourier-transform of the correlation function K(q, 7) :

T

K(q, 7) = 7R3Dg exp (—i—z (R? + 87)) exp 8/ (a—(4/3) K(0, 7"))dr' | . (30)

In order to find the correlation function, i.e. K(s, 7), it is necessary to apply the reverse Fourier
transformation on variable q to the expression (30). Then we obtain

2 2
K(s, 1) = RZ—(];B_)F(T)eXp <_R2—(7')> , (31)

R(7) = \/R}+87 = Roy/1+ 87/R3 (32)
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Fig. 1. The evolution of coverage dispersion (time is measured in units of ¢,). Curves -3 correspond to
substrate temperatures Ty = 97 K, 7o = 95 K, T5 = 93 K (7. = 100 K), respectively.

is time dependence of the correlation radius,

T

Fir) = exp | 8 / (0 — (4/3) K(0, 7))’ (33)

is a function, depending only on time.

Using integral Eq. (29), we try to investigate the evolution behavior of the dispersion of coverage in
adlayer, D(7), for the early (7 << 1) and late (7 — o0) times.

Let 7 << 1, then K(0, 7) << 1 and Eq. (29) can be rewritten in the form

2
Dir) = 210

~ e exp(8ar) ~ Do(1+8ar) (1 —87/R3) ~ Dy [1 +8 (e —1/R3) 7] . (34)

At the initial moment of time the correlation radius is small (R = 1). Besides, at the low temperatures
(T' < T,), i.e. when the condition a < 1 is satisfied, the expression (34) is conveniently presented in the
form
D(r)~ Do [1-8(1/R2 —a) 7], (35)
i.e. for 7 << 1, the dispersion D(7) decreases by the linear law (35).
At the late time (i.e. for 7 = o0) K(0, 7) — 3a/4 like

(a —4K(0, 7)/3) ~ 1/ (R2 + 87), (36)

Therefore it follows from Eq. (29) that D(7) — const > Dy.

Computational solutions of integral Eq. (29) for the different substrate temperatures 1" (with 7" < T}.),
presented in Fig.1, confirm the results of asymptotical analysis, too.

Further we estimate qualitatively the transient layer thickness between enriched and depleted regions
of overlayer to establish the time evolution way. We assume that the region enriched of adsorbate has
a form of a disk of radius R(7), and the transient layer has a form of a ring. The profile of a spatial
distribution of v? as a function of the distance r of disk center is shown in Fig.2. The area of the enriched
region can be evaluated as S ~ R?(7), and the area of the transient region (transient layer) will be
AS ~ R(7)3(7). Then we evaluate the variation of v? moving from an enriched region to a depleted
one with using R(7) dependence defined by (32)

S 2000

S U
S+ AS VRE+ 87

A(Uz) ~ o« (37)
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Fig. 2. Profile of spatial distribution value v? as a function of the distance from domain center r : R(7)
and §(7) are the domain size and the thickness of a transient region, respectively.

In other words, in accordance with (36), the variation of ©? obeys the law
A@?)  ~ 1/(R3+87). (38)

The comparison of the relations (37) and (38), finally, gives us the qualitative temperature and time
dependence of the thickness of the transient layer

ST, 7) ~ — L (39)

o(T)/R2 + 87
As is seen from (39), the thickness of the transient layer in a submonolayer film is inversely proportional
to the closeness of the film temperature to the critical one. The decrease of the thickness of the transient
region with time obeys the inverse square root law (6§ ~ 1/4/7).

5. Conclusions

In this paper, we have considered formation of a submonolayer film as a result of atom deposition from
gaseous phase on the cold substrate, when the lateral interaction is attractive. In addition we have taken
into account clearly that adlayer is an open system related to reservoir of particles in gaseous phase.

We have analyzed thoroughly the case, when the characteristic time of surface diffusion considerably
exceeds the adsorption one. It is found that in this situation the separation process of overlayer is limited
only by the adsorption processes, not by the surface diffusion ones, despite the quenching of the adsorbed
film proceeds below the spinodal.

To describe the kinetics of submonolayer film formation, we used a statistical approach, since the
fluctuations of the coverage rate are of random character at the initial moment of time. So we have not
only a possibility to study the thermodynamic equilibrium states of a submonolayer film at the late times,
but also to describe the evolution character of the coverage rate depending on the initial prehistory of its
preparation.

In particular, the asymptotical analysis of evolution of v” value at the early and late times is performed.
The numerical solution of integral equation for dispersion function confirmed these results. The non-
monotonic character of its behavior indicated to the existence of the incubation period of developing the
spatial inhomogeneities of the adsorbed overlayer.

It is established that inhomogeneity characteristic size growths by square root low, whereas the
thickness of the transient region decreases as inverse square root of time.
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films.
References
1. A.Zangwill, E.Kaxiras, Surf. Sci., 326, 1.483 (1995).
2. I.Doudevski, W.A.Hayes, and D. K. Schwartz, Phys. Rev. Lett., 81, 4927 (1998).
3. 1.T.Koponen, M.O.Jahma, M.Rusanen, and T.Ala-Nissila, Phys. Rev. Lett., 92, 086103-1 (2004).
4. R.Vardavas, C.Ratsch, R.E.Caflisch, Surf. Sci., 569, 185 (2004).
5. O.M.Braun, V.K.Medvedev, Usp. Fiz., 32, 328 (1989).
6. E.P.Feldman, K.V.Gumennyk, L.I.Stefanovich, Surf. Sci., 604, 1854 (2010).
7. O.M.Braun, M.V.Paliy, M.Peyrard, Phys. Rev.B., 55, 4797 (1997-1).
8. A.Fedorus, V.Koval, A.Naumovets, Low Temp. Phys., 27, 850 (2001).
9. A. Fedorus, G. Godzik, A. Naumovets, H. Pfnur, Surf. Sci., 565, 180 (2004).
10. A.G. Fedorus, A.A. Mitryaev, M.A.Mukhtarov et al., Surf. Sci., 600, 1566 (2006).
11. L.Proville, Phys. Rev.B., 64, 165406, (2001).
12. L.Proville, Phys. Rev. Lett., 88, 046102-1 (2002).
13. K.S.Schneider, W.Lu, T.M.Owens et al., Phys. Rev.Lett., 93, 166104-1 (2004).
14. A.V.Myshlyvtsev, A.A.Stepanov, C.Uebing, V.P.Zhdanov, Phys. Rev.B., 52, 5977 (1995-1I).
15. A.T.Loburets, N.B.Senenko, Yu.S.Vedula, A.G.Naumovets, Ukr. Fiz. Zh., 50, 805 (2005).
16. R.Panat, K.J.Hsia, D.G.Cahill, J. Appl. Phys., 97, 013521 (2005).
17. Hongting Shi and Jun Ni, Phys. Rev.B., 65, 115422 (2002).
18. S.A.Kukushkin, A.V.Osipov, Usp. Fiz., 41, 983 (1998).
19. L.D.Landau, E.M.Lifshitz. Theoretical Physics. Statistical Physics, Pergamon, Oxford, (1980).
Bzaemo3B’s130Kk Mix niporiecamu ajicopbiiii/gecopbiiii Ta mexanizmom
nosepxHesol Audy3il npu KoHIleHTpANiiHOMY pO3IIapyBaHHi BiAKpUTOI
cyOMOHOMIAPOBOI IIIBKU
B @eavoman, K.B.T'ymennix, JI.I1. Cmegparnosun, 10.B. Tepexosa
PosrastHyTo TepMOAMHAMIKY Ta KiHeTHKY (OpMyBaHHS CyOGMOHOATOMHOI aJcOpGOBAHOl ILTIBKH
MPH OCaKYBaHHI 11 3 Tapopol dhasw MIJISXOM HMIBHIKOTO 3arapTyBaHHsI Ha aTOMapPHO-TIAJKY MOHOKPH-
CTAJIiIHY TOBEPXHIO. BU3HadeHO SIK paHHi, TaK i Mi3HI YacOBi aCHMITOTHKHA MO0 ANCIEePCii MOKPATTSI,
a TaKOXK CKeJIIHIOBY MOBEAIHKY CEPeIHLOTO JOMEHHOTO pPo3Mipy. TToKazano, mo y posrIsHyTOMY BH-
MaJKy cepelHiil po3Mip HeOJHOPITHOCTEl Ha Mi3HIX CTAisAX 3POCTaE 3a KOPeHEBUM 3aKOHOM, a TOBITAHA
mepeximaol obaacTi MiXK 30aradeHuME Ta 30ITHEHUMY AIMSTHKAMEA TTIBKE 3MEHIIYETHLCS 3 4aCOM 32 3a-
KOHOM OBEpPHEHOTO KOPEHS.
96 Functional materials, 19, 1, 2012

In other words, it is shown that depending on technological prehistory of the system adsorbate-
substrate, either homogeneous submonolayer film may be formed on a surface of the latter of one or other
density, or heterogeneous structure, consisting of regions depleted and enriched of adatoms. It should be
pointed out that the result obtained here for submonolayer films may be generalized easily into multilayer



