Chapter 11

Models

Due to the increase of inter netic surface roughening growth, there
are many works that try to rete) nonequilibrium models to
describe the growth prob essential properties and asymp-

totic behavior of the ith the simplest model known
as the Random Dep

Then \-\‘ I with a more complicated
model, i.e. the Wolf-

) 3. The WV model is a simple model

‘w e are interested and focus

erested in studying mechanisms

that make the surface rou U 8 : sion /relaxation process. One of these
mechanisms is a potential bari prevents diffusing adatoms from hopping
down to lower terraces. hg~FEhrlich-Schwoebel (ES)
barrier [6, 7, 8]. A T odel by modifying the
diffusion rules of the mgi 3 | y effects of the ES barrier

on the WV model. }&e computatlonal method and the diffusion rules of the
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All models we study in this work are discrete, nonequilibrium and limited mobility
growth models. We assume that the models obey ideal low temperature MBE
growth conditions. This mean they are under the solid-on-solid (SOS) constraints
(no desorption, no overhanging and no bulk vacancies formation on the growing
surface). All of the deposited adatoms must become part of the growing film. The

models are dynamical and the diffusion/relaxation process is instantaneous. In all
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models studied here, the deposition of an adatom is on a randomly chosen site on a
one dimensional flat substrate (d = 1+1). An adatom diffuses instantaneously to a
selected final site and sticks there permanently (no longer move). The diffusion of
a diffusing adatom is in accordance with a set of well-defined rules characterizing
each model. It was found [2, 19] that the diffusion length ¢ does not have much

orowth system, so here £ is fixed to be

effect on the asymptotic behavior of '

unity, i.e. nearest neighbor diffiy { J simulations, the time ¢ is defined

L)

through the deposition rate. Tn-ou study, d equals to an average growth
of 1 monolayer (ML) which saeans the depdsitien.rate is 1 ML per second. All our

simulations are done wi neriodi \ eondition on the substrate, i.e.
if an adatom is deposiye@ ; \\ e substrate size) and wants
to diffuse to the site = = ; S \ 0 tom will diffuse to the site

z = 1 instead. Thi§ pegiodic ary : prevents finite size effects in
the simulations. ProceSsesfof X h \te sumarized in the flow chart as

shown in Fig. 2.1.

jﬁa
2.1.1 Random Depositi:

Lt

The Random Dep Sk

model among many growth
models. An adatom dropped randomly above a o i dimensional flat substrate
and then sticks instantafeusly on the de %ﬁted site with no diffusion, see Fig 2.2.

This means tﬂ u&%m&n Ho&lﬂﬂﬁel In the simulation

algorithm, we goose a random site z on a flat.substrate size L and increase its
T e —
and thefsurface of the growing film is uncorrelated. Since the surface height are
uncorrelated, the growth front can be describe by a Poisson distribution [1] and
we can find the exact solution [1] for the growth exponent 3 to be 0.5. The RD
model allows the surface width to grow indefinitely with time, thus the result is
no saturation in W. In this case, the roughness exponent « is not defined (that
is @ = oc for the RD model from Eq. (1.5)). From Eq. (1.14), the dynamical

exponent z is also not defined in this model.
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Initial conditions:
Run N loops, Input filename, substrate size L
Time t (ML), Py, Pp, Random seeds, tanx
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Figure 2.1: Flow chart of our simulation in all systems.
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2.1.2  Wolf-Villain Model

Wolf-Villian (WV) model [3] is a simple model for kinetic surface roughening
growth. It follows the MBE growth conditions and also under the SOS constraints.
In the WV model, after an adatom is deposited on a randomly chosen site on
a one dimensional flat substrate (d = 1+1), it diffuses instantaneously. In the

diffusion process, the atom looks fe ¢ within its diffusion length ¢ (for our

study we set £ = 1) that ,__;b he | , indings. In another word, an
adatom tries to increasesits ee ordination 6 the maximum value, see Fig

2.3. After an adatom finds it moves to that site and sticks

C ) .‘.l el ‘\ u\‘i,
there permanently. ensthe // (.l ' :

: d and repeats the diffusion

In the computatigfal @&1gowit Him/ Welicho \ e ite z randomly and then

mechanism.

check the number of Bonding # esty neighboring sites,  + 1, comparing
with the number of bonding at ‘t# hu" ited s: \ If one of the nearest neighbor
sites has higher number of b ndidigs. tha he'deposited site, we increase the
height at that site by one. _g& neighbors ‘hav higher bonding, the one
with the highest ¢ooid n d. Ifpeither neighbor has larger
number of bondin .V A “inally, if the number of
bondings at both 1' neighboring sites (both z ﬂl sites) are the same and

it is more than at the depasited site, onefiof these sites is chosen by random (by

ran%num RENINYIND
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While an adatom diffuses on the surface after being deposited on the surface, it
may encounter an additional barrier called a surface diffusion bias [2, 20, 25]. A
well known diffusion bias which leads to instability in the growing surface is the
Ehrlich-Schwoebel (ES) barrier [6, 7, 8]. The ES barrier is a step edge potential

barrier for an adatom diffusing over a step edge from upper to lower terraces, as
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Figure 2.3: The diffusion rule of Wolf-Villain (WV) model. An adatom is deposited

on a randomly chosen site on a one dimensional substrate (d = 1+1) and it diffuses

instantaneously to increases its coordination number or its bondings.
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Figure 2.4: The Ehrhc Schwoebel (ES) bamer (a) An adatom at site A diffuses
down to site ﬂ m stable site C before
it arrives at s o‘? nti e ergy plot he sites in the ﬁgures ) and
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in Fig. 2.4. Since the ES barrier makes an atom more likely to attach itself to the
upper terrace than the lower one, it leads to mound or pyramid type structures
formation on the surface [2, 21, 22]. The mechanism of the ES barrier can be
explained [1, 7, 25] as followed: While an adatom is diffusing from the upper to
the lower terraces e.g. atom from site A going down to site B in Fig 2.4, it must

pass through an unstable site C. there is only one bound with its next

nearest neighboring site and: e very unstable at site C. This is
equivalent to saying tha to ill he 1 energy at site C compare to

at other sites. An at ave.enomn nergy will not be able to go

& X
[} D C
In our study, we are int ‘ ing e “ he ES barrier which leads to

. One of the reasons is because

WYV model is a good candidat 13 ideal MBE growth systems and we

want to understandeffe f the ES barrier Bl growth process. Another

8ses a conflict in the model

‘Which i%nown [3] to belong to the

reason is because 1{
itself. On one hand Ee have
EW universality class. ‘T t means the em is stable with a downhill particle

a8 A W VTG o e

instability in dlgrowth system [6, 2] and the partlcle current is uph111 [20]. Tt is,

there ﬁ Iﬁgﬁjwm %qﬁlﬂ’ﬂ'ﬁl ‘ﬁl E})del with the

addltIO‘

In this section, we create a nonequilibrium atomistic growth model for ideal
MBE growth under a surface diffusion bias (ES barrier) by implementing the ES
barrier into the original WV model [3]. To add the ES barrier into the original
WYV model, we modified the diffusion rule of the original WV model. In Fig. 2.5,
we show the modified WV model where we called WV-ES model. The diffusion
rule of the WV-ES model are as follows:
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1. An atom is deposited on a randomly chosen site (z) with the average rate of 1
ML per second.

2. The deposited atom looks for a better site according to the original WV diffusion
rule.

3. The actual diffusion process is controlled by probabilities Py and Pp in such

The probabilities ard restr “iﬁl‘ Py Fp = L When Fny
= 0, no diffusion to t el lgvwe ace is al \: When Py(py = 1, there is
no barrier in diffusi jifie dppor{ ’ \~ N S barrier is implemented

in our model by takifig By £ Vhich makes, it\more likely for the adatom to
attach to the upper temfacg 16 101 26, The strength of an ES barrier
is controlled by the ratig 2 3f e n'= By = 1, our model is back to
the original WV model [3 ‘ : erical simulations, both for the

WV and the WV-ES model, g‘sﬁ S i1, the next chapter.
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Figure 2.5: The dif 'l pn rule ode | ! e adatom diffuses under
the surface diffusion b1a§ and it is controlled by the probablhtles Py and Pp. The

ES barrier is ﬁ)ﬂﬁ?ﬁﬂ%ﬁquﬂ e§e value of Pp < Py.
ammﬂﬁmumaﬂma d
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