UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION

INTERNATIONAL ATOMIC ENERGY AGENCY @
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

SMR/917 -9

SECOND WORKSHOP ON
SCIENCE AND TECHNOLOGY OF THIN FILMS

(11 - 29 March 1996 )

" Fractal/kinetic scaling treatment of film growth "

presented by:

J. KRIM
Northeastern University
Department of Physics
112 Dana Research Center
MA 02115 Boston
US.A.

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







Surface Morphology and Kinetic Roughening
of Ag/Ag(111)

J. Krim
Northeastern University, Boston, MA

and
I. Heyvaert, C. Van Haesendonck and Y. Bruynseraede
Katholieke Universiteit Leuven, Belgium

O
77777 T T



) th(’_’h( Rougloem'rj

de .‘IJ - \/ch’e k, 98y

o (L) =L" F(*/"m)

() & L" €, A= oo

LMe
o () & # P for A >0
e

) . /
covre [atian lenjrh E = X /2
z= /s

for RM»& gd) = ¢
for Rt O(£3=<L%(x',d')-'m,3)]'>

3 (R) P gtum

CRI =< (R) 2 (0)) = g2 q(R) /3
Proposed Loem: C(R) = ot € “(Rig)2H

<



Root - Mean -S%uarg
Roogk ness

2(x)




1 hese surfaces have
e%ua\ rms  roughness.

/\x»

Froctal Sca\]ns a‘oproadn
can €urther %uan-h‘\(g
+he can cept ot roughness.



SGI‘F - S; ﬂm ,d.(' 'pra(_-t-a_l

SQ"P- Q'F{l'he ‘pl‘a(.'l-a,l

Figum |

N\



'T/'le wCraC‘hq\ quer) SI0n
Can Dbe dorobed Wi +h

At fLevent < zed CO(/QY‘L'V)jS----
() Riater « Avnr

()
g g3
.". g J-them Phys
S
o ©
| // 4

N: Number of parﬂc{eg
0¥ rvad/ys ¥ ‘o o yer
+he survtace



_/

S@_(@- Sf’h;hr‘; Look.s the Same
In #s entirety as a @orﬁon ot

1t setf magq nified. ..

N ~ !r_n (n. number oF rad s ?‘) o
. o » - +0 C—O "ef- _‘S go-+q (e .

v



h(x)

8-.._
6_..
4___

. (¢)H=0.3
2-..._
0 (D= 2.7)

[ H , ! I I ! , ! ] ! 1 ' i I I

0 200 400
X

Se.(-(" 'q-@ﬁ'ne Fr‘a.c.‘f-a.( SUf‘{a.ceJ
h(bx) = b h(x) ; D=3-H

oot -mean -square _
“rmﬁ/« ness g = \) <Ch) -~ A

H
>~ L L: Scan si2e

CH“ E (OMMM/j calle d ”64“>



. v . .44..45 Mma—....&s..v .
. .ms

&
» . .nn.ﬁ f,
it
o o

it i

, 24 320 o4

o v
. @
it

400

=00

\0
o
Il
49
ey
a
_

_Fp____l__

5.0
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12 Basic phenomena of MBE

Figure 12.1
Eicmentary processes
on a cryvstal surface.
4 Atoms arrive on
the surfuce. where
they are deposited.
(31 Am atom on the
surface may desorh.
lzuving the surfacc of
the crystal.

1C) Atoms diffuse in
random directions on
the surfuce.

contact properties, avoiding as much as possible the roughening pro-
cess. However, in many cases roughening cannot be avoided. even in
materials with promising technological potential. Undersianding the
roughening process might help map the experimental and technolog-
ical limits, hopeiully leading to the discovery of methods (0 control
the interface roughness.

Motivated by the udvances in medeling and predicting the roughen-
ing processes, a number of experimental groups recently have turned
their attention to'checking the theoretical predictions. In Chapter 16
we describe some experiments that confrom theoretical results with
the reality of the laboratory.

12.2 Microscopic processes on crystal surfaces

Before beginning a detailed study of the possible growth equations
describing the growth of crystal interfuces by atom deposition . we
review the relevant microscopic processes taking piace on the cryvstal
nierfuce isee Fig 12,01 The morpholoygy of the interfuce is determined
by the interplay between deposition. desorption. and surface diffusion.

12.2.1 Deposition

An atom from the vapor arrives at a rund.m positen on the interface,
forms bonds with the surfuce atoms. und stucks. This process is
wermed deposition {see Fig. 12.1). Cryswals grow by atomic deposition:
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17 Submonolayer deposition
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edge of the island. increasing the number of neighbors. This procass
results in more compact clusters.

This transition is illustrated in Fig. 17.3. where not the temperature
but rather Ev is varied. The result is similar to changing the tempera.
ture. If £+ is large. the attachment to the island of a diffusing atom i
almost irreversible. and the islands have a fractal structure. However,
decreasing £+ increases the probability of an atom detaching from
the stand or diffusing along the island perimeter. Hence. the islands ;
becorne non-fractal. acquiring a compact shape. While this model js -9
guite different from the DDA model. especially in the small £+ region,
it does show sculing properties that are similar to those of the DDA
model. In particular the sculing law (174} 1s obeved for a range of

/
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34 Solving the EW equation

With some ulgebra [340] we find. after the inverse transtorm back 10
real space. the result

1312) 5 ) -
oo valy L fvit—1 .
: Ao ) = = x = T j(———l 1221
SO, , 2y X—x - J

rlers fiw) s a scaling tunction with the properues fiay — const as
W= cand Jlu) — u=T = as u — 0 Comparing 13.21) with (2.8), we
obtuin the same scaling exponents (3.16).

Fori =2 wefind x=} =0 confirming the scualing result 13,16y,
In this case the correlutions decay loganthmically. e the width scales
iogarithmncnil; with tme at eariv times, and the saturation - uits

- B
depends on ine logarithm of the svatem size, We lind ¢~ 0w
13,14 o =2 condrming 15161
For the EW equation. we find thut the sealing 2:iponents depend on
0
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