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Model Equation (H,B)
Edwards — st =Rai+n+vVih (0,0
Wilkensen
KPZ - S =Ri+n+vV2h ~ 0.35, 0.25)
+2(Vh)?
“pure diffusion” % =Ry +n—x(V*h) (1, 0.25)
"MBE" % =Ri+n—r(V*h) (067, 0.20)
+cV2[Vh]?
|
“full diffusion” & = R, 4 4 owz2y (1,18
—k(V*h) + iEieme | (.9,1)
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DYNAMIC SCALING oF AN
TNTERFACE: w(t®) ~ LY F(77)

refevence: F Family, Phasica A (19%0)

Oz posi +ion with .
Surface Diftycion : 3= Vo H= Vo (D= 1-5)
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Flg. 1.1 Zoom sequence of the coastline of a statistically sclf-similar {ractat landscape D = 2 2.
Each succeeding picture shows a blowup of the framed portion of the previous image. As the
susface is magnificd, a small portion Jooks similar to (but not exactly the same as) 3 larger portion.
The total magaification comesponds to 16 million. {Copied from R.F. Voss, in
"The Sciencrof Fractal Images", H-O Peitgen and D. Saupe,
eds. (Springer-Verlag, New York, 1988), page 23)
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Fig. 9. Rmn width £ vs scale length obtained from a single STM image recorded in a gold flm
evaporated onta a smooth glass substrate for both the (a) x direction and the (b) v direction. The
slopes of the solid lines fit to the » direction yield roughness exponents 0.3 for (horizontal) length ]
scales greater than s 40nm, and 0.89 for length scales Jess than 27 40nm (see text). This figure is
reproduced from Salvarezza et al, Ref. 62. 2]

The desirability of a given analysis approach depends on the range of scaling ;
of the particular sample viz a iz the scan size analyzed, the grid density of the‘

that for STM, with a rcsult'ing loss in resolution.
In practice, the determination of B is more problematic for the scanning probe
microscopies than the determination of H. This is because the rms width does §
not effectively saturate until the lateral scag size exceeds many times the sample i
correlation length, and a scan head capable of probing the relevant length scale may |}
- mot readily be available. If the saturation value for o can be established, then ¥
can be directly obtained from its dependence on film thickness, 3

o v:ﬂ:j R et
3.6. Electron macroscopy

for sub-microm characterizations of surface topology. It involves scanning a focused I

electron beam (primary energy typically 2-10keV) over the surface while simul- k :
taneonsly detecting the emitted electrons. The intensity of the emitted signal is 3
associated with variations on the loca] surface topology of the sample. Under ideal
circumstances, the electron beam can be focused to as little as 1 nm 54 + 3
;_Smk_is‘ggnefa.lly employed for qualitative, rather than qu'a.ntita.tive character- 4
izations of surface morphology, due to the complex pature of the dependence of §
electron yield on surface chemical and topological properties. It nonetheless has ‘;
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"; A Ezpersmental Observations of Self-Affne Scaling 615

2 produced dramatic evidence for scale invariance in a variety of samples, demon-
3 strated by images which appear identical regardless of magnification. The most
e Ay T examples of these are the carbon cauhﬂower-hke structures whmh have
3 morted by Messier et al®

' -~ Quantitative information from SEM can be obtained by studymg the cross-
3 section and internal structure of the films if they can be sectioned and/or ion-
mllled Fractal scaling properties of specimens are usually determined by polishing,
i sta.ges, the surface in the in-plane direction so as to reveal ‘islands’, and their
assoc;ated self-similar ‘coastlines’. The roughness exponent H is inferred directly
from the fractal dimension of these coastlines. Fractal scaling properties can also
be probed in a nondestructive fashion by means of a stereoscopic SEM method.55

~“’$'I‘ransmlssmn Electron Microscopy (TEM) involves the use of high energy elec-
trons (> 50keV), which are diffracted as they pass through a thin sample and are
then focused into an image consisting of a two-dimensional projection of the sample
structure. Under ideal circumstances, the image resolution can be as little as 0.2-
0.3nm. Layer structures documenting the evolution of surface roughness can be
observed in sufficiently thin (= 100 nm or less) vertical film slices, by ‘marking’ the
film at regular intervals through deposition of a contrasting element (Fig. 10).56-87
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Fig 10. Sequential cross-section TEM mlcrograph of a mult.nlayer film wluch has been thinned to
2t 40 nm for electron transparency. The multilayer is comprised of 101 layers of AIN which are
.* 2nm thick, alternating with 100 Jayers of NbN which are 3um thick. This figure is reproduced
from Miller et o, Ref. 66.
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= = L.I62 ‘upper surface) and a seif-affine
yoduced from Panella and Krim, Ref. 68, E

m,

'r’LHm) (1)
Y x 9 for t/LHIB _, . Emplicit in;
vith time as £ o< 2/, where 2 = H/®
nt. Figure 3 depicts AFM images off}

ilms which are well-described by}
¢f the surface, the vertical and hor-3
caled in accordance with the spatis .
the quantitative analysis of the sur-

60min

i ros
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«u m‘_"@ P T “Br STl .

‘i’i &ng\IE'M images of ooppersu;fma electrodeposited in an acid sulfate solation w.ith an electric
A cwrrent density of 2.4 A/dm? for electradeposition times of (a) 5, (b) 30, and (c) 60 mia, To demen-
‘%‘if“i?. the scaling behavior of the surface, the vertical and horizontal dimensions are am?otrop:call.y
_scaled in accordance with the spatial and temporal scaling deduced from the quantitative analysis
_';".H the surface height correlations. This figure is reproduced from lwamoto et al, Ref. 75.

nents commonly derive from partial
‘al expansions in the derivatives of a
ctibing flm growth at a mMesoscopics '
v;;yeswil; k;;::ﬂm:;zf;::bg _Wtin models have thus also come to l?e known as “MBE” models, a.n;l ?ez
orption and/or vacancy formation ;Predict distinctly different values for t?le scaling exponents. Meas'ufeme?ts of ui
ace relaxation mechanisms. Numer-4 ’I_lut_l_‘z are there-fote expected to shed light on the atomic-scale arigins of particular
sequently been proposed,?. since g Bres. e
relaxation mechanism is surface dif- :
orption being guite negligible.” One’
1 Epitaxy” (MBE), where material
sle crystal at sufficiently high tem--
epitaxial relation to the subsirate.’

able 1 lists asymptotic values for the scaling exponents associated with growth
. fwo-dimensional substrate, for selected continuum equations. We note that the
= retical treatment of MBE growth is currently the subject of very lively debate,
% the last two equations are listed as representative only. Tke values quoted for

e

e Brst and third equations are analytically exact,?!?? while the values quoted for

23
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Fig. 15. Evolution of the surface roughness power spectra with increasing film thickngss for plasma
polymer films deposited at 0.55 nm/s. 19.7 um (open squares), 11.1 um (cpen drcléﬁs um (open
diamonds), 1.} um (+), 0.53 um (filled squares), 0.28 um (x), 0.14 um (filled circles}, 0.07 um (filled
diamonds). This igure is reproduced from Collins ef al, Ref. 79.

and z = 1 for 1000~70,000 nm thick films deposited at 0.27nm/s, and 8 = 0.27
for 10,000-80,000 nm thick films deposited at 0.22nm/s. Collins et al argued that
scaling theories of kinetic growth could be applicable to cases of polymer growth,
despite the fact that the deposited particles were intertwined, and interpreted their
results as supportive of conservative growth models.

5. Erosion and Other Studies

The sub-micron topology of a surface produced by ion bombardment or erosior
has received far less theoretical attention than that of a vapor-deposited film.*
The scaling theories applicable to nonequilibrium film growth might however be
applicable to cases of erosion, if no material is redeposited onto the surface during
the erosion process.®' If so, the topography of a film deposited onto an initially
smooth substrate would be quite similar to that of an initially smooth surface whick
is subjected to ion-bombardment: a self-affine fractal surface is expected to develop.
and its rms width should exhibit a power law dependence on time. Experimenta
reports of sub-micron scaling phenomena for cases of surface erosion are listed ir
tkis section, and summarized in Table 3. We also mention here of a case involving

the evolution of surface roughness due to time-dependent rearrangement of materia
at the surface rather than its addition or removal.

5.1. Jon-beam ervsion
5.1.1. Grophite

1991: Eklund et al,®? exposed the (0001) surface of highly-oriented pyrolyt:
graphite to 5keV Art* ions at an angle of 60° with respect to substrate norma.
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