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The development of a preferred crystallographic orientation in the plane of growth, an in-plane
texture, is addressed in a model that incorporates anisotropic growth rates of a material and
self-shadowing. Most crystalline materials exhibit fast growth along certain crystallographic
directions and slow growth along others. This crystallographic growth anisotropy, which may be
due to differences in surface free energy and surface diffusion, leads to the evolution of specific
grain shapes in a material. In addition, self-shadowing due to an obliquely incident deposition flux
leads to a variation in in-plane grain growth rates, where the “fast” growth direction is normal to
the plane defined by the substrate normal and the incident flux direction. This geometric growth
anisotropy leads to the formation of elongated grains in the plane of growth. Neither growth
anisotropy alone can explain the development of an in-plane texture during polycrystalline thin-film
growth. However, whenever both are presérd., oblique incidence deposition of anisotropic
materialg, an in-plane texture will develop. Grains that have “fast” crystallographic growth
directions aligned with the “fast” geometric growth direction overgrow grains that do not exhibit
this alignment. Furthermore, the rate of texturing increases with the degree of each anisotropy. This
model was used to simulate in-plane texturing during thin-film deposition. The simulation results
are in excellent quantitative agreement with recent experimental results concerning the development
of in-plane texture in sputter deposited Mo films. 1897 American Institute of Physics.
[S0021-89707)01413-9

I. INTRODUCTION data suggest that oblique flux incidence and self-shadowing
play an important role in the development of in-plane texture
Several models have been proposed to explain the devefler sputter deposited films. In this manuscript, a model,
opment of in-plane texture, a preferred crystallographic oriwhich incorporates the effects of self-shadowing and aniso-
entation in the plane of growth, during thin-film tropic growth of a material, is used to explain the phenom-
deposition:~3 Most of these models have focused on theenon of in-plane texturing during polycrystalline thin-film
effects of an energetic beam or flux, oriented at an obliqueyrowth.
angle of incidence relative to the film surface, to explain the
evolution of a preferred in-plane crystallographic orientation.;; TEXTURING MODEL
The primary mechanisms invoked by these models include ,
preferential resputteringpacksputteringof unfavorably ori- - Self-shadowing
ented(high surface energyplanes;? ion channeling along The concept of self-shadowing has long been used to
close-packed crystallographic directionand beam-induced explain  the  development of  thin-film  growth
renucleation/recrystallization of grains with favorable orien-morphologies''° The basic idea behind self-shadowing is
tations (low surface energy>> Experimental evidence sug- concerned with the probability that an atom from the flux
gests that these mechanisms do play important roles in thgill become attached to, or captured by, an atom on a
formation of in-plane textures for deposition schemes thasurface’ In order for this to occur, the atoms from the flux
involve energetic beams and fluxésnergies of order 100 must pass close enough to an atom on the surface to become
eV) oriented at obliqgue angles relative to the film surface.attached. The maximum distance at which a flux atom can
However, these mechanisms may not be as important to thtill attach to an atom on the surface is called the capture
development of in-plane textures in situations where the aviength. The capture length is defined here as two atomic
erage flux energy is lowof order 1 eV and the angular radii, 2r (i.e., only flux atoms that can touch the surface
spread in the flux is large, as in the case of sputter depositioatom will attach. In order to illustrate self-shadowing, it is
at low temperatures. useful to imagine a cross-sectional view of an atom on a
In-plane textures are known to form in sputter depositedsurface where both the flux directiah, and the surface nor-
films where the deposition flux is obliquely incident relative mal, n, lie in the plane of the pagesee Figs. (b) and Xc)].
to the film surface® Moreover, in-plane textures do not For a single atom on a film surface, the maximum total cap-
form in films deposited at a normal flux incidert@hese  ture length is 4 and occurs when the flux is directed normal
to the film surfacqsee Figs. (@) and ib)]. However, this

3present address: INTEL Corporation, M/S RN2-35, 2200 Mission CollegeC@pture length decreases when the_ﬂux is incident on the
Blvd., Santa Clara, CA 95052. surface at some off-normal andleee Figs. (@) and 1c)]. In
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FIG. 1. Schematic diagram illustrating the effect of self-shadowing for a he grain cannot redistribute on the growth surface, and grain
single surface atom. The surface atom is outline in bold. The outermos%

positions where flux atoms can be captured are marked with a thin outIlnegrOWth will depend solely on the geometric distribution of
The flux, which lies in the/-z plane, is incident on the substrate at an angle flux as dictated by the self-shadowing construction, regard-
a relative to the surface normala) Top view showing both the fast and |ess of the initial grain shape or orientation. At high growth
slow growth directionstb) Side view showing the fast growth directide) o mparatures adatom mobility is high, and grain growth will
Side view showing the slow growth direction. . . . .
be dominated by the energetics of the deposited material
(i.e., by minimization of total system enengyhe case con-
sidered here is an intermediate regime where adatom mobil-
this case, an atom on the film surface can capture flux atomigy is sufficient to allow the development of distinct grain
up to a distance R2in the direction normal to the incident shapeqi.e., surface diffusion lengths are on the order of the
flux (above the film surfageand a distancer2at an oblique  grain dimensionsas shown in Fig. 2,and self-shadowing
angle relative to the incident flux directici@along the film  still affects film growth. In order to account for this finite
surface. The total capture length projected by this atom ar-nonzero diffusion, it is convenient to make the following
rangement normal to the incident flux will then b&(2  assumptions{l) Atoms captured by a grain on the film sur-
+cosa), wherea is defined as the incident angle of the flux face can redistribute along the grain surface in a manner
relative to the surface normal. consistent with the growth shape of the grdi2). All atoms
These arguments can be extended to consider seltaptured by the grain contribute to grain grontB). Atoms
shadowing in three dimensions. The specific case treated igaptured at the grain edges contribute to lateral or in-plane
this model is growth on a flat surface. The extension to thregrain growth. Based on these assumptions, the amount of
dimensions is simplified by realizing three things. First, for aflux captured by grain edges can be approximated by
flux directed at an oblique angle, onto a flat surface, one (cosa+1), as in the case of self-shadowing of a single atom
direction along the surface, defined by>(n) will have a  on the film surface.
capture length of 4. Second, for the same flux orientation, The in-plane growth rates of a grain depend on the
one direction along the surface, normal to the first directioramount of flux captured by the grain edge, thus, oblique
and defined bynx (Jxn), will have a capture length of angle deposition will result in anisotropic in-plane grain
2r(cosa+1). Third, these two capture lengths define a cap-growth rates. The slow growth direction lies along the inter-
ture ellipse [whose major and minor axes arer 4and  section of the film surface and the plane defined by the sur-
2r(cosa+1), respectively This ellipse defines the capture face normal and the flux vector. The fast growth direction is
lengths along all directions in the plane of growth. This for-normal to this planelx n). In order to better quantify this
mulation can be adapted to analyze self-shadowing on a sugeometric in-plane growth anisotropy, it is convenient to de-
face with arbitrary topography. Such an analysis is beyondine a geometric capture efficiency for a grain edge. The
the scope of this model, but the general results should bgeometric capture efficiency(a,y), describes how much
similar to those presented above. flux is captured by a grain edge on the film surface at an
The most important consequence of this self-shadowingrbitrary flux anglea, along an arbitrary in-plane direction,
construction concerns the growth rate of islands/grains at thg, relative to the amount of flux captured from a normally
film surface. Clearly, the growth rate of a grain is propor-incident flux, «=0°, along the same in-plane direction. In
tional to the amount of flux it captures. But, it is not apparentother words,(a,y) is the relative in-plane growth rate of a

FIG. 2. Plan-view transmission electron microscope micrograph and diffrac-
tion pattern showing the grain shapes in auh thick Mo film sputtered
onto the native oxide of a SiL00 wafer in a static normal incidence flux
geometry. There are two primary grain shapes; an elliptical grain shape with
an aspect ratio between 2 and 3, and a threefold symmips@udopyrami-

dal) grain shape. The diffraction pattern confirms that the film is randomly
oriented in the plane of growtfi.e., no in-plane textupe
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grain. For the fast growth directiory=0°, the geometric

growth shapes of grains can depend on the out-of-plane ori-

capture efficiency,v¢(a), is defined as 1. For the slow entation of the graifi.Furthermore, the prominent features in
growth direction,y=90°, the geometric capture efficiency, each grain shape correspond to specific crystallographic di-

vs(a), can be expressed with the following integral:

fZiF(a)(cos a+1)(cosa)’da

: D

v(a)=

fZiF(a)Z(COS a)’da

rections(i.e., in Mo the “elliptical” grains have a Mg100
direction aligned with the major axis of the “ellipsg”Al-
though the factors that can influence the final growth shape
of the grains are manyi.e., surface energeti¢$,surface

diffusion*~° impurities!® flux energetic/ and growth

whereg, is the angle between the surface normal and the flutemperatur®, we speculate that the growth shape of a grain

direction, F(«a), is the angular distribution of the flux,

with a given out-of-plane orientation is most heavily influ-

cosa+1, is the geometric dependence for atom captureenced by anisotropic diffusion and mass transport along dif-

along a grain edge, (cag? accounts for the tf depen-
dence of the flux on distance from the source, ang,

ferent crystal surfaces and directioris® Previous work
studying the surface self-diffusion of refractory metals shows

a,, define the angular region over which the substratehat the activation energy for diffusion varies considerably

“sees” the flux.

from surface to surfacge.g., for W surface self-diffusion,

It is also assumed that the oblique incidence is a result 0E,=0.89 eV on W (110 and E,+~=1.78eV on W
moving the substrate an appropriate distance from under thd11)],****and that the rate of surface diffusion on a given
source, and not due to tilting the substrate under the sourceurface is highly anisotropit:!* In any event, the grain
For planar magnetron sputtering, the angular distribution ohapes do provide valuable information about the relative

the flux depends on a number of factdre., system geom-
etry, sputtering gas pressure, plasma engiigyt can be ap-

growth rates along different crystallographic directions.
An elliptical grain shape has been chosen for this model

proximated by cos6, where ¢ is the angle between the to represent Mo grains witfl10) out-of-plane textures. Pre-

source normal and the flux directiéhUsing this expression
for F(a), Eqg. (1) can be simplified.

fZi(COSa)Gda 1
i 2

vious work has shown that Mo grains wiifi10) out-of-
plane orientations are nearly elliptical in shape with an as-
pect ratio of~2; Mo (100 and Mo({110 are aligned along
the major and minor axes, respectivégee Fig. 258 For
this grain shape, the growth velocity, along any in-plane
crystallographic direction,i, was approximated by the

Oncev;(a) andv () are determined, they can then be length between the origifcenter of magsof the grain and
used to calculate the geometric capture efficiency, or relativéhe grain edg¥ (effectively, a reverse Wolff constructipn

growth rate,(a,y), along any in-plane directiory. As men-

tioned previously, for a flat surface, the geometric capture
efficiency will be equal to the distance from the origin to the

edge of an ellipse, wherg («) andv(«) are the major and
minor axes, respectively, angis the polar angle.

()= \/ vi(a)vi(a)
viax)= vi(a)cog x+ vi(a)sirf x’
In addition to defining the capture ellipse;(«) and v¢(«)
can be used to define an effective incident flux anglg,for
a given geometry.

Vs(a))

vi(a)

)

(4)

QAefi= arcco%

u(i) = \/ U100
3,0 oS i+ UZg SIN? o
where, is the in-plane polar angley0°)=uyqg is the fast

growth direction,u(90°)=u44qis the slow growth direction,
andR=u;qp/uq1p is the aspect ratio of the grain shape.

®

C. Grain growth and texturing

Grain growth was investigated by considering the effect
of geometric capture efficiency at a grain edgéy. ), and
anisotropic grain growth ratesy(¢). For any grain in the
film, the growth rateg(a. ,,4), along a specific directiony,
was defined as the product ofy) and v(ae,x) along that

aer iS a particularly useful quantity, as it fully describes the direction. Although the exact relationship between growth
geometric growth anisotropy due to self-shadowing, the obrate,u(#) andv(a.s,x) is not clear, for the sake of simplic-
lique flux, and the angular flux distribution. Calculation of ity, the growth rate was taken as a simple multiplicative
ae Will allow direct comparison between different deposi- product ofu(#) and v(aes,x). In order to determine this

tion geometries based on valuesagk, provided the angular
flux distribution can be reasonably approximated.

B. Anisotropic grain growth: Growth shapes

growth rate, it is convenient to define a variabie, which
defines the angle betweefa.,0), the fast growth direction
in the geometry, andi(0), thefast growth direction in the
grain. Usinge, ¢ can be rewritten ag+ ¢, and the growth
rate, g( ae,x,¢), along any direction can be written as a

Another important element in the texturing model is thefunction of ¢ and y.

anisotropic growth of grains in a film. As already mentioned,

many materials tend to develop distinct grafgrowth)

g(aeﬁvX1¢):V(aeff!X)u(X+¢)' (6)

shapes. For example, Fig. 2 shows several different growt(a¢,x,¢) can be thought of as the product of two prob-
shapes that can develop during normal incidence sputtexbilities; v(ac,x) is the probability for flux capture at a
deposition of Mo films. Previous work has shown that thegrain edge, and(x+ ¢) is the probability that an atom cap-
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FIG. 3. Plot showing the evolution of areal fractions of grains with various FIG. 4. Same as Fig. 3, except that the effective incident flux angle is 30°.
in-plane orientations, as a function of tinigrowth steps The data were
calculated for an effective incident flux angle of 10°, and for elliptical grains

with an aspect ratio of 2. 0° corresponds to the alignment of both fast growttaecay rates Of(d" t) have a strong dependence ¢nthe
directions(geometric capture and grain growth . . . o .
grain orientation in the plane of growth. The areal fractions,
f(¢;,t), of grains with large misorientationsp&50°) de-
. . ) crease immediately from the start of growth, with a decay
tured at the grain edge will contribute to growth along theyate that increases with. For grains with smaller misorien-

direction y+ ¢ The total areal in-plane growth rate, tations #=40°), (¢, ,t) initially increases, but then de-
G(aeit,¢), which is dependent oy, and a. (geometric  .,vs at 4 later time for all orientations, except fe=0°.
anisotropy, can be determined by integratig(aeir,X,#)  This decay is delayed to later times for decreasing values of

over y. For convenience,G(aes,4) is normalized by 4 The only grain orientation that survives after long growth
G(aeit,¢=0), the growth rate when the fast growth direc- {imes js ¢=0°. This demonstrates that grains whose fast

tions are aligned, crystallographic growth directions are aligned with the fast
fg”V(aeff,X)U(XJr é)dx geometric growth direction have a growth advantage over
G(aef, )= (7)  grains of other orientations, and that these aligned grains will

27
Jo" (e, )u(x)dx determine the final in-plane texture orientation. For the ellip-
Using G(aef,¢), the evolution of in-plane texture can tical grains used here, the fast growth direction(190).
be investigated as a function of time,grain orientationg,  These results reproduce experimental results for the develop-
deposition anisotropygeometry, a.;, and grain shape an- ment of in-plane texture in sputtered Mo fillis. Mo films
isotropy, R. First, the growth ratesG(a.f,¢), must be cal- with (110 out-of-plane textures, exhibit an alignment of
culated for each value of (due to the symmetry of this (100, the fast growth direction, normal to the plane defined
system, all growth directions can be represented within théy the surface normal and the flux direction, and an align-
angular range 0°—90°Once eachG(a.s,¢) is calculated, ment of(110), the slow growth direction, along the intersec-
the areal fractions of each grain orientatid¢,t=0), can tion of this plane with the film surface.
be chosen. In order to approximate a film witl{1d.0) out-
of-plane texture and a completely random in-plane textureg. |nfluence of the deposition geometry,
f(¢,t=0)=1/m, wherem is the number of in-plane grain
orientations. These grains can then be allowed to grow b¥, ,
calculating new values fof(¢,t) at each time stept, For ''C!€
eacht,f(¢,t) is determined by multiplyingf(¢,t—1) by
G(aei,¢), and normalizing by the total grain areatat

f(#i,t—1)G(¢)) _ f(#1,0G' ()
Sif(¢i t—1)G(¢)  =if(1,0G'(¢)

et

In most thin-film deposition systems, the flux is not suf-
ntly well collimated so that it is incident onto the sub-
strate at one discrete angle. Rather, the flux hits the substrate
through a range of incident angles, which may vary from
+3° for molecular beam epitaxy systems=®0° for sput-
tering systems. For this reason, the geometric capture anisot-
ropy of any deposition geometry is best described by an
effective incident flux angleq;. Hence, it is important to
1. EVOLUTION OF IN-PLANE TEXTURE determine the influence of.; on the texturing process.
Based on the fact that the geometric capture anisotropy in-
creases Withug, it is expected that increasingy; should

The influence of grain orientation on the evolution of accelerate the texturing process. This is confirmed by com-
in-plane texture is shown in Fig. 3. The data was generategarison of Figs. 3 and 4For Figs. 3 and 4¢q.3=10° and
for a film with ten different grain orientationgy=0°-90°  a.4=30°, respectively, with all other parameters being the
in 10° increments, and equal initial areal fractioi(s;,0) same) Both Figs. 3 and 4 show the same general trends in
=0.10. The values forey and R were chosen arbitrarily; the evolution of in-plane texture with grain orientation. How-
a.=10° andR=2. The plot shows that the growth and ever, the evolution of texture occurs at a much faster rate in

(i t)= 8

A. Dependence on in-plane grain orientation, ]
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FIG. 5. Same as Fig. 4, except that the elliptical grains have an aspect ratigi 6. The plot shows a comparison between the azimuthal distribution of
of 3. (200 peaks in experimental data collected from sputter deposited Mo films,
and calculated diffraction data for an effective incident flux angle of 23° and
elliptical grains with an aspect ratio of 2. The experimental data, displayed

. . b @0 with individual data points, were collected during an azimuthal scan done in
Fig. 4, as compared to Fig. 3. The value ’t) reaches 1 a symmetric Bragg grazing incidence x-ray scattering geometry for films 80

(this corresponds to a completely textured filmafter  nm 200 nm, and Jum thick. The simulated data, shown as solid lines,
~ 7000 time steps in Fig. 4, and after70 000 time steps in  correspond to 40, 100, and 500 time steps. Each time step roughly corre-
Fig. 3; almost an order of magnitude difference in time.SPonds to 2 nm of deposited film thickness.

These results demonstrate that a greater geometric capture

anisotropy dramatically increases the rate at which texture o ) o
evolves during growth. model are also elliptical with a M@LOO) direction along the

major axis of the ellipse, aligned with the fast geometric
growth direction.
C. Influence of grain shape anisotropy, R The evolution of texture in sputtered Mo films, as pre-
dicted by this model, can be easily compared to experiment
by calculating diffraction patterns from the modeling data
and comparing them to diffraction patterns collected from
sputter deposited Mo films. These diffraction patterns are

tween Figs. 4 and 5 bear this oGEor Figs. 4 and 5R=2 shown in Fig. 6. Both the real and calculated diffraction
and R=3, respectively, with all other parameters being theP2tterns show that at small film thicknessgeowth times,

same) Both Figs. 4 and 5 show the same general trends irﬁ_he f””_"'s display a poorly defined in-plz_ane_ texture. As the
the evolution of in-plane texture with grain orientation, ex- M thickness(number of growth stepsis increased, the

cept that the evolution of texture occurs at a slightly fastelm'plane AL deflned_; the width and m_ten-
Sity of the texture peak decrease and increase, respectively.

rate in Fig. 5, as compared to Fig. 4. These results furthe , . . ;
demonstrate that the degree of anisotropy in the syste omparison between the two sets Qf diffraction patterns in
strongly influences the rate of in-plane texturing during thin-"19- 6 suggests thqt eaclh t'm? step in the model corresponds
film growth. to~2 nm of deposited film thickness. . '
This model was also used to predict the relative rate of
in-plane texturing for several different experimental geom-
IV. COMPARISON TO EXPERIMENT etries. The first and simplest geometries that were explored
. ) ) are off-axis oblique incidence geometries. In these deposi-
Recent experimental results concerning the evolution ofioy geometries, the substrate is held in a stationary position,

in-plane texture in sputter deposited Mo films provide ang,ch that the substrate and source surfaces are parallel and a
ideal test of the model developed here. The key elements that

will be compared are(l) the alignment and morphology of
textured grans, an) the_ rate of texture evolution in dif- tAgLE I. Influence of deposition geometry amy (the geometric growth
ferent deposition geometries. anisotropy.

Experimental results indicate that sputter deposited Ma

For the elliptical grains, the growth anisotropy of a ma-
terial is expressed in terms of the aspect raRp, of the
grains. Increasing and decreasiRgshould have the same
effect as increasing and decreasing;. Comparison be-

films tend to form(110) out-of-plane and in-plane textures in Angular range Deposition geometry et
deposition geometries with oblique incident flux angles. The 0° Static 0°
Mo grains are nearly elliptical in shape, where the major axis 10°%5° Static 7.26°
of the ellipse, a Mo(100) direction, is aligned along the ggfg g:a:!c ;g-ggo
. . . * atic .
direction defined by the cross product of the flux vector and 40°+5° Static 97 64°

the surface normal. The results from this texturing model 0°-90° Dynamic 16.22°
reproduce this growth morphology. The grain shapes in the
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line drawn between the source and substrate centers is
at a fixed angley, relative to the surface normals. Values of
aq Were calculated for each desired incidence angle,
This was done by integrating expressi@ through an an-
gular range defined—5°—y+5°. Table |, showsx for
y=0°, 10°, 20°, 30°, and 40°. As expectatl; increases
with y. Consequently, ay increases, so does the rate of
in-plane texturing. This is consistent with recent experimen-
tal observations.

One other deposition geometry was investigated; a dy-
namic deposition geometry. In this geometry, the substrate is
placed on a rotating carousel and passes under the source
once every carousel revolution. In this geometry, the sub-
strate effectively “sees” all angles of incident flux, so the
integral in expressioni2) is evaluated from 0°-90°. The ef-
fective incident flux anglepes, for this geometry is also
listed in Table I. The most interesting feature in Table | is the
comparison ofwy for the off-axis geometries with different
values ofy, to a4 for the dynamic deposition geometry.
Based on the values fow, one would predict that the
evolution of texture in the dynamic geometry would proceed
at a faster rate than in the off-axis geometry witk 20°,
but at a substantially slower rate than wigg= 30°. Experi-
mental results have substantiated both predictions. The mi-
crograph in Fig. 2 shows that no in-plane texture develops

for static grovvth at a normal flux incidenc¢= 0°. in agree- FIG. 7. Plan view scanning electron micrographs of {10 single-crystal
. . . ’ ’ surfaces. The surfaces were mechanically polished and chemically etched
ment with the former predicted behavior.

with a modified Murakami’s reagenta) Mo (110) surface after polishing
and etching(b) Mo (110 surface after polishing, etching, and ion milling

V. EXTENSION TO OTHER FACTORS AFFECTING for 30 min with 5 keV Ar® ions, at a beam current of 0.5 mA from an
IN-PLANE TEXTURING in-plane Mo{112 direction. The flux direction is marked with an arrow in

the micrograph.

The present work considers the effect of deposition ge-
ometry and the anisotropic growth of grains on the evolution
of in-plane textures in films with well-defined out-of-plane facet alignment along the flux direction is probably due to
textures. There are, of course, numerous other factors th#te low incidence angle of the ion flux. For greater incident
can contribute to the development of thin-film textures.angles, the orientation of the facets is expected to be normal
These include, but are not limited to, flux enefdyesput-  to the flux directior?*
tering of the deposited materiaf;**?°surface topograph® Since an energetic flux may facilitate the formation of
impurities’® and the development of an out-of-plane facets along the growth front of sputter deposited films, it is
texture®!® For the sake of completeness, the effects of arecessary to consider the effect of a faceted surface topog-
energetic flux and the effect of surface topography on théaphy on the rate of in-plane texturing. To this end, it is
development of in-plane texture will be addressed. sufficient to calculatexs for deposition onto a faceted sur-

The effect of an energetic flux on the evolution of thin- face and compare it ta.n for deposition onto a flat surface
film texture and morphology is important to consider, as
some particles incident on the film surface can attain an en-
ergy in excess of-100 eV during sputter depositiGA.A
number of experimental and theoretical studies have investi-
gated resputtering of deposited material during grotwt?°
Results suggest that resputtering rates are anisotropic and are
lowest for resputtering of close-packédw-energy crystal-
lographic surface$!! As a consequence, anisotropic resput-
tering may provide an additional growth advantage to grains
that have close-packed planes aligned to the flux directfon.
Additionally, anisotropic resputtering may suppress the de-
velopment of surface roughne@sor may facilitate the for- cos(Bra)  cos(p-)
mation of low-indexed facets along the growth surf&cé. “oos(By T cos(h)
Preliminary experimental results suggest that energetic ) ) ) -
fluxes do, in fact, reduce surface roughness and favor thE!®  STmalc shaung the geomety ofclaue eposion oo e
formation of faceted surfaces, with facets aligned along the;"; for the leading and trailing facets, respectively, where the incident
flux direction[see Figs. 7a, 7b, and J/dt is noted that the flux angle isa and the facet angle ig.

cos(B-a)
. cos(B)

= cos (o)
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TABLE Il Influence of the facet angles, on a. (the geometric growth  texturing is also affected by the degree of these anisotropies;
anisotropy. the more oblique the incident flux angle and the more aniso-
tropic the grain shape, the faster the rate of texturing. These

Facet angle Deposition geometry Qe ) . )
- results are in strong agreement with experimental data and
0 Dynamic 16.22 point to the conclusion that in-plane texturing is driven pri-
15° Dynamic 16.08° . . .
30° Dynamic 15.62° marily by growth anisotropy; the alignment of fast growth
45° Dynamic 14.75° directions in the deposited material and in the deposition
60° Dynamic 13.23° geometry. Perhaps the most significant implication of this

conclusion concerns how the deposition geometry can be
used to control the orientation of in-plane textures. Since the

for the same deposition geometry. A schematic of a face&n—plane textures result from the alignment of fast growth

pair s shown in Fig. 8. For the sake of simplicity, it s (e o>\ S°0Tetic and cystaliographiezarefu mafipu:
assumed that facets form isosceles triangles, and the fact rouah the usepof multigle sourZes or surf%lct}antmld r:-
angle, 8, is measured between each equivalent side and the 9 P

base of the facet/triangle. A geometric analysis shows tha%u“ in the formation of specifically tailored film textures. In
for an incident flux anglex' and facet angleg, the incident conclusion, the model developed here has been shown to be

angles of the flux onto the leading and trailing facet fire capable of predicting specific deposition conditions needed

—a and B+ «, respectively(see Fig. 8 Since deposition to produce a desired microstructure.
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