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Basic modes of thin-film growth
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Thermodynamics of
Thin-Film Nucleation

Issues addressed:

e conditions for stability of thin-film

* role of surface energies

 energies involved in nuclei formation
« thermodynamics of different modes
e influence of deposition rate & T




Thermodynamics of Thin-Film Nucleation
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Dependence on Substrate T and Deposition rate
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Issues addressed:
Onucleation rate N and its dependence on
t, T, A, film itself and substrate
[ldevelopment of film growth and coalescence of nucle

[1t-dep. of the growth and coalescence of nuclel
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diffuS ONis determined by:

[E s energy barrier for diffusion
[T temperature of substrate
[ibrational frequency of an adatom i
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desorpti ONis determined by:

[E 4es €NErgy barrier for desorption

[T temperature of substrate

[vibrational frequency of an adatom i
(attempt frequency)
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Nucleation rate
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N S RN e e ile]aR\[oJe[sIR Walton-Rhodin Theory

[treats clusters of atoms as molecules rather than solid caps
[lconsiders the bonds between atoms
[issimilar to the capillarity model
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Law of Mass Action (Waage & Guldberg 1867)
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aA+bB + .0 xX+vyY+..
[forward rate] O k, [A]2[B]°
[reverserate] [ k4 [X]*[Y]Y
in equilibrium, ky [A]2[B]° =k { [X]X[Y]Y

H,+ 1, O 2HI;
the direct reaction results from collision of H, and |, molecules =>
reaction rate is proportional to the number of such collisions;
the number of collisionsis proportional to density of H, and |;
the density is proportional to pressure =>

the reaction rate is proportional to the partial pressures of H,and I, :
ki Py, P,
similarly, the reverse reaction rate is proportional to the number of collisions
between HI molecules => the reaction rate is
K4 P
inequilibrium  k; Py P = k3 P2
we define the constant of equilibrium as
K(T) = ki/ky=Py, P|2/PH|2

AG = AG°+ RT InK,
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Figure 7-14  Nucleation rate of Ag on (100) NaCl as a function of temperature. Data for three
different deposition rates are plotted. Also shown are smallest stable epitaxial clusters
corresponding to critical nuclei. (From Rel. 21))
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Cluster Coalescence and Depletion
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