i the

avona st abdus salam _
Srpavton international centre for theoretical physics
erats sy SMR.1135 - 11

THIRD WORKSHOP ON
THIN FILMS PHYSICS AND TECHNOLOGY
(8 - 24 MARCH 1999)
including
TOPICAL CONFERENCE ON
MICROSTRUCTURE AND SURFACE MORPHOLOGY

EVOLUTION IN THIN FILMS

(24 - 26 MARCH 1999)

"Thermodynamics and kinetics of nucleation
and the early stages of film growth"

Joseph GREENE
University of Illinois at Urbana-Champaign
Frederic Seitz Materials Research Laboratory
104 South Goodwin Avenue
61801-2985 Urbana
U.S.A.

These are preliminary lecture notes, intended only for distribution to participants.



Merd



3rd ICTP/IUVSTA Workshop on Thin Film Physics
Trieste, Italy

Thermodynamics and Kinetics of Nucleation
And the Early Stages of Film Growth

Joe Greene
University of Illinois

Monday, March 22, 14:00 to 16:00

Outline:
1. Introduction: surface structure and processes

2. Nucleation
a. Thermodynamics
b. Kinetics

3. 2-D nucleation and growth
a. Step flow
1. Mechanisms and kinetics
2. Transition to layer-by-layer
b. Layer-by-layer
1. Mechanisms and kinetics
2. Fundamental limits
3. Transition to multilayer growth
c. Multilayer growth
1. Kinetic roughening, critical thickness
* Surfactants
* Energetic condensing species
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Consider the case in which the two types of terraces A and B are equivalent. Then, the
number of encounters of an adatom incident on terrace n with terrace n+y, where y is the position
of terrace j (i.e., the number of terraces away from terrace n), is

Cay = E( 2k:ﬂ](c“c"‘) (CA)ITI <0 0

| 213

and

s - 2( 2“;{'**)(:: N AR TS @)

k-0

In these equations, k signifies the row number in a given column of the biromial distribution
tree and corresponds to the minimum number of step crossings necessary to reach terraces
in that row. The sumrnation over k is then just the summation over all rows. The advancement
AN of an ascending step on terrace j, where j = n+a+[3, of type x is then obtained from the number

of adatom encounters, determined from equations (2) and (3), and the attachment coefficients for the
adjacent terraces j and j-1,

AN, - & 2 - ea,. 3
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X-ray reflectivity from Ag(111)
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10
Ag deposit [ML]

(solid circles) and STM

triangles) as a function of the subsequently deposited Ag amount in ML. The 5b amount is

Figure 3.6: The amount of Sb at the surfoce determined by AES

{

normalized to the amount before Ag was added (0.5 ML for AES, 0.08 ML for STM).
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