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Textures and structures of vapor deposits

D. N. LEE
Division of Materials Science and Engineering, Seoul National University,
Seoul 151-742, Korea

The texture of vapor deposits (PVD and CVD) changes from the orientation that places the
lowest energy lattice plane parallel to the substrate under the condition of low atom or ion
concentration adjacent to the deposit, to the orientation that places the higher energy
crystal planes parallel to the substrate as the atom or ion concentration adjacent to the
deposit increases. However, in the early stage of deposition, the deposit-substrate interface
energy and the surface energy constitute the most important energies of the system.
Therefore, if the lattice match is established between the substrate and the deposit without
generating much strain energy, the epitaxial growth takes place to reduce the interfacial
energy. When the epitaxial growth does not take place, the surface energy is dominant in
the early stage of deposition and the lowest energy crystal plane tends to be placed parallel
to the substrate up to a critical thickness. The critical thickness depends on the deposition
conditions. If the deposition condition does not favor placing the lowest energy crystal
plane parallel to the substrate, the initial texture will change to that compatible with the
deposition condition as the film thickness increases, and the texture turnover thickness will
be short. The microstructure and surface topography of deposits are related to their
textures. © 1999 Kluwer Academic Publishers

1. Introduction 2. Development of preferred orientation
Vapour-deposited films are well known to have tex-Fig. 1 shows a two-dimensional model of two adjacent
ture or preferred orientations in them, the texture ofcrystals. The surface energy of a crystal plane parallel
the vapour deposits being, in general, dependent on d¢e plane CD of grain Ais larger than that of grain B, that
position conditions. The present author [1] advanceds, crystal A has a higher ledge density than crystal B
a model in which a preferred orientation is developed(« > 8). Planes parallel to plane CE must be the most
by the selection for survival of grains which are fa- closely packed planes which have the minimum sur-
vorably oriented. The model is a growth theory of theface energy. Arrows indicate impinging atoms or ions.
development of preferred orientation unlike Walton's Squares attached to the surface of the crystal indicate
nucleation theory [2]. Itis generally accepted that a rannewly condensed atoms.
dom polycrystalline structure is obtained up to a critical Atoms are not always condensed directly on to
film thickness unless an epitaxial growth condition isledges. Atoms condensed on flat surfaces (M in Fig. 1b)
satisfied. are in a less stable state than atoms at ledges, be-
The preferred growth model [1] suggests that the texcause they are less bonded than atoms at ledges. There-
ture of physical or chemical vapor deposits changedore, they are liable either to diffuse to ledges or to
from the orientation that places the lower surface enfe-evaporate depending on vapour deposition condi-
ergy crystal plane normal to the growth direction undertions. The atom concentration adjacent to the deposit
the condition of low atom or ion concentration adja- will be high at high substrate temperatures and evap-
cent to the deposit to the orientation that places theration rates (Fig. 2). This situation may be depicted
higher energy crystal planes normal to the growth di-schematically as shown in Fig. 1b. In this case crystal
rection as the atom or ion concentration adjacent to th® is expected to have more atoms condensed between
deposit increases, unless the deposition temperaturetise ledges than crystal A, because the average diffusion
high enough for recrystallization to take place. At suchdistance on crystal A is shorter than on B. Therefore,
high temperatures, the minimum energy crystal planghe configuration on crystal A is more stable than that
tends to be placed normal to the growth direction toon crystal B, resulting in the growth of crystal A at the
minimize the total energy of the system, because thexpense of crystal B. In this case the deposit will as-
surface energy may be the source of the largest energgume the orientation of crystal A which has a higher
in the growing system. surface energy crystal plane normal to the direction of
The present author has received many valuable condeposit growth. This situation can be equivalent to that
ments. In this paper the model has been elaborated aridr a low polarization in electrodeposition.
more experimental results, which are in favor of the The atom concentration adjacent to the deposit will
model, have been reviewed. be decreased with decreasing substrate temperature and
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Figure 2 Effects of deposition conditions on depositing material vapor

concentration distribution. Arrows indicate increasing directions.

anglex is larger than anglg. Therefore, crystal B will

HIGH VAPOR CONCENTRATION

growth and therefore a preferred orientation does not
develop. The deposit will consist of very fine grains
with a nearly random orientation. On the other hand,
when the substrate temperature is high enough to cause
recrystallization, the deposit will assume recrystalliza-

VERY HIGH VAPOR CONCENTRATION

(c)

Figure 1 Two-dimensional model explaining development of texture of vapor deposit. Vapor concentration increases in order of (a), (b) and (c).

tion textures or nearly random orientations.

This preferred growth model is based on the assump-
tion that the crystal growth front is flat, the direction of
impinging ions or atoms is normal to the deposit, the
surface diffusion rate is high enough for reduced atoms
or condensed species to adjust themselves to stable po-
sitions, and the relative lattice surface energies are not
influenced by atmosphere.

If the ion or atom concentration is too high for the
ledges on flat deposit surface to accept, the deposit sur-
face roughens to increase the ledge density (Fig. 1c).
This is compatible with the fact that rough surfaces are
evaporation rate. The situation is shown in Fig. 1a. Inoften observed in deposits with texture of higher sur-
this case, the surface area to be covered by condenségte energy crystal plane parallel to the substrate plane.
atoms is larger for crystal A than for crystal B, becauself impurity elements like oxygen are codeposited, the
crystal growth is hindered by the impurity and the de-
grow at the expense of crystal A. Thus the deposit willposit tends to have very fine grains and in turn random

assume the orientation of crystal B. It should be notedrientations.

that the shorter diffusion distance to ledges on crystal However, inthe early stage of deposition, the deposit-
A cannot make the crystal grow faster as in the case ofubstrate interface strain and free surface energies must
high concentration, because atoms are not sufficientlie taken into account. If the lattice match is established
supplied. This situation is similar to the case of a highbetween the substrate and the deposit, epitaxial growth
takes place without generating strain energy to reduce

polarization in electrodeposition.

At sufficiently low temperatures, impinging atoms the interfacial energy (Fig. 3a). Epitaxial growth is still
will be frozen but will not be able to rearrange them- possible for a small lattice mismatch (Fig. 3b). How-
selves because low surface diffusion inhibits crystalliteever, in this case, the strain energy can be generated
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Figure 3 Two-dimensional model explaining (a) epitaxial growth due to lattice match, (b) epitaxial growth due to small lattice mismatch, (c) non-
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epitaxial growth due to large lattice mismatch and (d) large strain due to epitaxial growth despite of large lattice mismatch.
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as shown in strained atoms in Fig. 3b. For a large latthe surface energy controls the texture of thin films un-
tice mismatch between the substrate and the depodiss the surface energy is modified by surface adsorp-
epitaxial growth will not take place (Fig. 3c), becausetion. At temperatures low enough to inhibit crystallite
in order for epitaxial growth to take place, very high growth, the deposit will develop random orientation.
strain energy can be generated (Fig. 3d). The interface Mahet al.[6] studied the preferred orientation of sil-
energy for Fig. 3cis higher than for Fig. 3d, in which the ver coatings which were deposited from a hollow cath-
strain energy exists. If the interface energy in Fig. 3c isode source with substrate bias voltage between 0 and
smaller than the interface energy plus the strain energy-80 V. Their results were in agreement with the above
in Fig. 3d, the situation of Fig. 3c will be more favorable explanation [1]. Dutta and Wilman [7] studied the tex-
than that of Fig. 3d, resulting in non-epitaxial growth. ture of silver films deposited at>7 107° to 7 x 10~3

The surface layer of the strained deposit is in anTorr on glass substrates at room temperature as a func-
equibiaxial plane stress state. If the system is controlletion of the film thickness. They observed a random
by the strain energy of the surface layer, the lattice plan@olycrystalline structure up to a critical film thickness.
whose mean biaxial elastic modulus [3, 4] is minimum Further deposition led to the successive development of
will be placed parallel to the substrate, whereby the(111),(110,(110 + (211 orientations. They mea-
strain energy of the thin deposit becomes minimum. Irsured the texture using an electron diffraction method.
case of non-epitaxial growth (Fig. 3c), the strain energyThe diffraction patterns did not show well developed
will be negligible and new deposit atoms or moleculesspots, which made determination of texture inaccu-
will try to cover the substrate as closely as possiblerate. The diffraction pattern indexeddsl 0 + (21 1)
whereby the surface energy will be minimized. Oncecould be equally wellindexed @1 0 + (11 1) by the
the substrate is covered by a layer of the minimum surpresent author.
face energy lattice plane of deposit, the deposit will Summerizing the results, the texture of silver films
grow in the same pattern for the time being, and willindicates the successive development of random,
not generate grain boundaries. Therefore, the minimungl 1 1), (110, and(1 1 1) with increasing film thick-
surface energy lattice plane of deposit can be placedess. The texture development can be attributed to an
parallel to the substrate in the early stage of depositiorincrease in temperature of the deposit due to the heat

However, this deposit growth will transform into its of condensation of atoms to form a lattice (condensa-
characteristic growth pattern explained in Fig. 1, as thaion heat of silver: 2633 J/g at 298 K) and radiant heat
deposit thickness increases. The turnover thickness dfom the hotter source of vapor. In the early stage the
the deposit will depend on the deposition condition.substrate temperature was so low that the random orien-
If the deposition condition is far from a condition fa- tation was obtained. As the temperature increases, the
voring the minimum surface energy lattice plane beingmobility of atoms increases and condensing atoms will
parallel to the substrate, the turnover thickness will bery to cover the deposit surface as closely as possible,
short. When the temperature varies through the thickwhereby the surface energy will be minimized, result-
ness, the strain energy of the layer whose temperatureisg in the(1 1 1) orientation. The further increase in sur-
high enough to cause recrystallization may be related téace temperature can give rise to the higher vapor con-
the texture formation. Vapor deposition proceeds by theentration adjacent to the deposit (Fig. 2), which in turn
interaction between vapor and deposit surface. Thergalaced the higher surface energy lattice pléhé G}
fore, the total strain energy of deposit through the wholegparallel to the substrate forming tke1 0 orientation.
thickness cannot be related to the texture formationlf the temperature increases high enough to cause re-
unless the temperature of the deposit is high enough torystallization, the recrystallization textu¢ge 1 1) will
cause recrystallization, in which temperature range thée developed. The recrystallization texture of most fcc
atomic mobility in the bulk becomes important. How- metal films in vacuum ig1 1 1).
ever, itis unlikely that the strain energy will controlthe  The texture turnover with increasing film thickness is
texture formation during vapor deposition, unless theoften attributed to an increase in strain energy of the de-

situation shown in Fig. 3d takes place. posit to the substrate. If the strain energy controlled the
texture, the{1 00 texture would have been obtained,

3. Discussion because the mean biaxial elastic modulus of fcc metals

3.1. Fcc metals is calculated to be minimum in tH& 0 O} planes [3, 4].

In fcc metals, thg1 1 1} planes have the smallest sur- Thornton [8] studied the texture of copper and alu-
face energy and thig 1 0} planes have the highest sur- minum alloy coatings sputter deposited on glass and
face energy among low index planes [5]. If other con-stainless steel substrates in the post and hollow cath-
ditions are same, the preferred growth model suggestsdes at various argon pressures and temperatures. The
that the orientation of fcc metals changes frdm 1) to  results could be explained based on the present model
(100 andfinally to neatl 1 0 with increasing deposi- [1]. Rodbellet al. [9] studied the texture of sputtered
tion temperature unless the temperature is high enough um thick Al-0.3%Pd films and Al-0.5%Cu films.

to cause recrystallization and low enough to inhibitA strong(111) texture was found in Al-Cu films de-
crystallite growth, because the increase in temperaturposited on 100C amorphous Si@ A stronger(11 1)
tends to increase the concentration of vapor atoms dexture resulted when Al-Cu was deposited on 25 nm
ions adjacent to the growing deposit (Fig. 2). Attemper-thick, (00 0 2 textured titanium layer. Al-0.3Pd films,
atures high enough for recrystallization to take placehowever, exhibited a weaki 11) or (110 texture,

the (111 orientation will be again obtained, becausewhich may be approximated by the random orientation,
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when deposited on SgO(no heat, 7 cm/s scanning Al (11 1) peak intensities measured for both the CMP
rate), which reverted to a stron@ 1 1) texture when and non-CMP samples (Note that the Al alloy film is
deposited on 25 nm titanium. 700 nm thick, whereas the Ti film is 50 nm thick). The
The experimental results indicate that the sputteredl 1 1) texture of Al alloy film may be attributed to the
Al-0.5Cu films were obtained under a condition which high substrate temperatures of 493—-723 K, which is
makes the minimum surface energy lattice plane placethought to be higher than the recrystallization tempera-
parallel to the substrate. However, the Al-Pd films ob-ture of the film. The intensity of thél 1 1) orientation
tained under similar conditions had the nearly randonof Al alloy film on Ti/smooth insulator is drastically in-
orientations possibly due to; (1) palladium has neg-creased by epitaxial relations of Al (11 1)/T1Q02)
ligible solubility in aluminum, whereas copper has aand Al (11 1)//AkTi (112)//Ti (002), where AJTi is
limited solubility, (2) the Al-Pd films were deposited thought to form by reaction between Al and Ti lay-
on the colder substrate than the Al-Cu films, and (3)ers at the substrate temperature of 723 K. On the other
palladium has the lower condensation heat (3542 J/gand, the intensity of thél 1 1) orientation of Al al-
at 273 K) than copper (5305 J/g at 273 K). The undisdoy film on Ti/rough insulator is rather drastically de-
solved palladium may be more effective in blocking creased by the above epitaxial relations, because the
rearrangement of condensed atoms especially on thetrong(11 1) oriented growth normal to the rough as-
colder substrate; the temperature of which is expectegerity surface gives rise to a decrease in{hé 1) in-
to increase less at the lower condensation heat, whictensity on average.
in turn will give rise to the nearly random orientation.
The stronget1 1 1) texture of Al-0.5Cu films andthe 3.2. Bcc metals
strong(111) texture of Al-0.3Pd when deposited on At low argon pressures antd/ Tn,, bcc chromium and
the (000 2) tetured titanium layer is attributed to the molybdenum coating sputter deposited on glass and
fact that the closest interatomic distance on the (1 1 1¥tainless steel substrates in the post and hollow cath-
plane of aluminum crystal (0.2862 nm) differs from odes had th¢l 1 0 orientation [12]. Thé1 1 0 texture
the closest interatomic distance on tB®Q 2)plane of  is common for the growth of molybdenum thin films on
titanium (0.29504 nm) only by 3 pct. Thus, the lattice amorphous substrates by various methods [13] includ-
match between close packed planes of Al (11 1) and Ting sputter-deposited multilayers and films [14, 15].
(0002) isalmost perfect. Titanium coatings sputter deposited on liquid nitrogen-
Onodaet al.[10] studied effects of the insulator sur- cooled glass substrates were in Ephase with the
face roughness on the overlying aluminum alloy film (1 1 0 orientation [12].
orientation in Al-0.8%Si-0.3%Cu(700 nm)/Ti(50 nm)/  Drusedatet al.[16] studied the texture and surface
Tetra-ethyl-ortho-silicate-9based Si@ (800 nm) in-  topography of molybdenum thin films deposited on a
sulator layered structures. The surface roughness diilica substrate kept by 470 K by magneton sputtering.
smooth surface insulators which were prepared byArgon pressure was varied between 0.45 and 4.7 Pa and
chemical-mechanical-polishing (CMP) was 0.48 nmthe deposition rate was less than 0.1 nm/s. The density
(Rms), whereas that of rough insulators were 12.2 nnof the films decreased monotonically with increasing
(Rms). On those insulators, the Ti and Al alloy films argon pressure from 96% to 48% of bulk Mo. The low
were sequentially sputter-deposited using a multi-density films were amorphous and nanocrystalline with
chamber dc-magnetron sputtering system having abasgé 1 0 texture at thicknesses of 30 nm andB, re-
pressure of X 108 Torr. The substrate temperatures spectively. For the dense films (density around 96%)
during deposition were 373 K for Ti film and 0-723 K deposited at 0.45 Pa, the 23 nm thick film had only the
for Al alloy films. (110) peak;a(112)peakappearedinthe 290 nm thick
The titanium films showed a stroq 002 texture  film, and became the dominant signal in the 990 nm
on the smooth insulator (The authors reported Ti hadhick films. For the 290 nm specimen, a peak related to
preferred orientations @0 00 2 and(0 111). But,con-  MosSiz appeared, which is thought to be related to in-
sideringlo171)/l(0002)=100/26 for randomly orien- terfacial reactions between the silica substrate and the
tated specimens, the Tifilm orientation must6@ 0 2 molybdenum film. Upon increasing the film thickness
for almost the same measured X-ray intensities oto 2.6 um, the peak related to M8i; monotonically
l0111y@ndl(0002)) and equal to the random orientation decreased and a peak related to Magipeared. The
on the rough insulator. The stro@00 2 texture on  surface roughness of the films increased with thickness
the smooth insulator is expected from the low substratérom 0.8 to 7 nm.
temperature (Section 3.3). Even though a film has some The above results indicate a turnover of the film tex-
orientation with respect to the substrate surface detaiture with film thickness from thél 1 Q) texture to the
the film on a rough surface substrate will not show a(1 1 2 texture. The turnover of texture can be explained
well developed preferred orientation on average, wherbased on the present model. As already mentioned,
a nearly random orientation is achieved on the rougtihe most probable initial texture of molybdenum is the
insulator. (110 texture. As the thickness increases, the temper-
However, the effect of substrate roughness on thature of the film surface increases, because the heat of
deposit orientation decreases with increasing depositondensation of the molybdenum vapor (6851 J/g at
thickness, and the deposit assumes the texture whicb00 K) is increasingly difficult to remove as the film
is peculiar to the deposition condition, because favorthickness increases at a given substrate temperature.
ably oriented grains grow at the expense of nonfavorThe formation of molybdenum silicides reflects the in-
ably oriented grains. This can be seen from the similacrease in film temperature. The increase in temperature
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will increase the concentration of metallic vapor adja- Fig. 4 also shows that the film deposited on the water
cent to the film surface, which in turn will place the cooled substrate has the larger grain size than the film
higher surface energy lattice plane parallel to the subformed on the 473 K substrate. This is opposite to the
strate plane. This may lead to the development of theisual observation that the lower temperature gives rise
(11 2 texture in thicker films. The increase in surfaceto the finer grains. The grain size will depend on the sur-
roughness with thickness is also expected, as shown iface and grain boundary energies. If the grain boundary
Fig. 1c. energy is independent of texture, the deposit in which
The texture turnover may be argued to be attributech smaller surface energy plane is placed parallel to the
to an increase in strain energy of a deposit as its thicksubstrate is expected to have larger grains in order to
ness increases. The difference between the calculatedduce the film energy. Thus, the coarser grains in the
biaxial moduli for the(1 10 and(1 1 2 orientationsis deposit formed on the water cooled substrate is thought
negligible (the biaxial moduli of110 and(112 are tobe duetothe[00 0 2]xture. A similar result was ob-
calculated to be 447.45 and 444.6 GPa, respectively, aerved in fcc copper electrodeposits [18, 19], in which
room temperature) and so the strain energy effect cathe (11 1) deposit showed lower strength thafilal 0

be excluded. deposit when they were obtained at similar deposition
conditions, due to the presence of coarser grains ob-
3.3. Hcp metals tained at low temperature [20]. Additional results are

Jang [17], in his RF sputtered Co-Cr deposits, founddiven in papers by Janet al. [21, 22]. If the texture
an unusual phenomenon that deposits formed on wdS the same, the grain size decreases with decreasing
ter cooled polyimide substrates had a larger grain siz€€position temperature.

than deposits formed on 473 K polyimide substrates.

Fig. 4 shows TEM images and SAD patterns of 50 nm

thick Co-17%Cr films formed on water cooled and 3.4. TiN

473 K polyimide substrates. The SAD pattern of theTiN films are widely used as a coating material due to
film deposited on the water cooled substrate shows vertheir high melting point and hardness, good erosion and
strong (2@ 0), (112 0) and (1 @ 0) rings suggestinga corrosion resistance, and good conductivity. The film is
goodc-axis alignment to the growth direction, whereastypically prepared by physical vapor deposition (PVD)
(0002), (10L1), (1012) and (1@ 3) rings which or chemical vapor deposition (CVD). The texture of
should be excluded for a goadaxis alignment ap- TiN films is known to vary with fabrication conditions.
pear with relatively strong intensity in the film formed  Jeet al.[23] studied the texture of TiN films grown
on the 473 K substrate. These results are in agreemenh Si (0 0 1) substrates kept at 375 K by radio frequency
with the prediction of the preferred growth model in (RF) magneton sputtering in an X-ray sputtering cham-
which a goodc-axis alignment to the growth direction ber in which a TiN target was placed 10 cm away from
is favored at lower deposition temperatures. the substrate. The sputter gun was operated with RF

Figure 4 TEM dark field images and SAD patterns of 50 nm thick Co-17%Cr films RF sputtered on (a) water cooled and (b) 473 K polyimide

substrates [17].
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power between 6 and 12 W/énEither 5x 102 Torr However, the film growing process at low tempera-

Aroramixture of 5x 10-3TorrArand 15 x 103 Torr  tures is basically an interaction between the vapor and

N, was used as carrier gases. the deposit surface. Therefore, the total energy of a film
During the very early stage of the film growth cannot be a determining factor in texture formation. If

(<23 nm) a random orientation distribution was ob-the total energy controls texture, the texture turnover
tained, indicating that the nucleation and early stagdrom the(111) to (100 texture will not take place.
growth took place randomly. Following the random However, it can happen as will be seen later. The in-
orientation growth, the (00 2) peak intensity increased-rease in RF power is expected to increase the rate of
rapidly until the film thickness reached about 100 nm film temperature rise due to the increased kinetic en-
After this stage, the intensity of the (11 1) peak begarergy of sputtered particles, which in turn decreases the
to increase rapidly. turnover thickness. Thus the RF power effect on the tex-
In order to explain the result based on the preferredure turnover thickness is expected from the preferred
growth model, the relative surface energies of latticegrowth model.
planes of TiN should be known. Unfortunately, even Je et al. [23] also found that the TiN films sput-
the minimum surface energy plane is not known. Sincdered at 12 W/crhwith 5 x 10-2 Torr Ar underwent the
no measured data are available, there are two differeritirnover from thg1 00 to (1 1 1) texture with increas-
opinions on the minimum surface energy plane. Ondng thickness, whereas the films sputtered at 12 W/cm
group thinks that th¢l 1 3} planes have the minimum With a mixture of 5x 10-3 Torr Arand 15 x 10~ torr
energy, while the other group claims that te00; Nz kept the initial texturg1 0 0. The film growth rate
planes have the minimum energy. The former is based!so decreased from 1.2 to 0.6 nm/min with the addition
on the fact that TiN can have good conductivity similar Of N2 gas [23]. The result can be explained by the pre-
to that of metals. On the other hand, Pelleg [24] calcuferred growth model as follows: The decreased growth
lated lattice surface energies based on the fact that TiKate reflects the lower vapor concentration adjacent to
has the NaCl structure. According to this calculation,theé deposit which in turn places the lower surface en-
the surface energy increased in order of thog@ 60}, ~ ergy lattice plane$1 0 G} parallel to the substrate.
{110 and{11 1. However, TiN has characteristics of ~CVD can also yield different textures depending on
metallic, covalent and ionic bonds [25]. preparation conditions. Min [27] studied the texture of
The experimental results obtained byeteal.[23]  TiN films prepared on Si (100), Si (111), glass and
can be explained by the preferred growth model if thesilica by low temperature CVD in which Tigland
{100} planes have the minimum surface energy. ThéNHs were used as the reactive gases and Ar was the
random orientation in the initial stage of the film growth carrier gas at a deposition temperature of 973 K. The
is due to the fact that the substrate temperature (373 kgrowth rate of TiN films increased from 0.2 to aén/h
is too low (m.p. of TiN is 3203 K) for atoms to be ad- With increasing gas flow rate. The growth rate was very
justed into more stable positions. As the film grows,much influenced by the N¢flow rate. The texture of
the temperature of the deposit increases due to heat dfN films changed from th¢1 00 to (110 or (111)
condensation, which in turn increases atomic mobil-orientation with increasing growth rate. However, the
ity, so that the{1 0 0 texture develops, followed by the films obtained at the initial stage of growth yielded the
(111 texture. The turnover from theL 00 texture (100 orientation, regardless of deposition conditions
to the (111) texture is compatible with the preferred Within the experimental range.
growth model which places the higher surface energy The results are in agreement with the prediction of
lattice plane parallel to the substrate at higher temperthe preferred growth model assuming that the (20 0)
ature. In fact, the deposits with the 1 1) texture were  plane has the minimum surface energy as in PVD. The
less strained than those with tkg0 0 texture [23],
which reflects the higher temperature in {iel 1) de- 500
posits, resulting in the higher atomic mobility and the A
less defects. \
Jeet al.[23, 26] attributed the texture turnover to the oF
competition between the surface and strain energies ¢ ‘
a film. Their explanation is based on Pelka@l.s sug- _
gestion [24] that the texture in TiN thin films is caused = -500F
by the lower overall energy of the film which is the sum
of the surface and strain energies, and the film woulq
grow toward the{1 0 0} planes with the lowest surface ‘g ~10%
energy when the surface energy is dominant, whereas @
will growtrc])warﬂs the (;L 11) plangv;iththe Iow%srt] stra(;ir\ljé’ 1500 _ 2TiCls + 2NH; = 2TIN+6HCI +Cl, (1)
energy when the strain energy Is dominant. an E
[26] g%f[ributed the texture turgnyover from the00 to O  BTICle+ BNH, =6TIN+ N, + 24HCI  (2)
(111) to the accumulated strain energy with increas-— ,gp0b .+ . + v+ o v . 4 0 L !
ing film thickness. They also claimed that the decreas: 300 500 700 900 1100 1300 1500 1700 1900
in the texture turnover thickness with increasing RF ermper;
sputtering power was due to the increased kinetic en- T ature (K)

ergy of the sputtered particles, which was supposed tgigure 5 Standard Gibbs free energies of reactions (1) and (2) calculated
increase the film strain energy. using data in JANAF Tables [28].
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increase in growth rate was achieved by increasing thposed following reactions for the formation of TiN are
gas flow rate which increased the vapor concentratioendothermic as shown in Fig. 5.
adjacent the deposit, and placed the higher surface en-

ergy lattice plane parallel to the substrate. Under the de- 2TiClg 4+ 2NHg = 2TiN + 6HCI+ Cl, (1)
position conditions which yield the1 00, (110 and 6TiCls + 8NH= = 6TiN - N - 24HCI 2
(11 1) orientations at 973 K, the decrease in the deposi- at s R @
tiontemperature below 973 K gaverisetoth® 0 ori-  Therefore, the texture turnover from th@ 00 to

entation in agreement with the preferred growth model{1 10 or (11 1) texture did not take place during film
As the film thickness increases, grains with th® 0  growth unless the deposition condition changed, unlike
orientation continued to grow stably under the con-in PVD.

dition in which the gas concentration adjacent to the Jianget al. [29] obtained a similar texture trend in
growing deposit was low. The 0 Q) orientation of the  their TiN films prepared by CVD using TigINH3 and

film changed to the1 10 or (11 1) orientation when H; as reaction gases. They obtained th€ 0, (110

the condition favoring thé1 10 or (11 1) prevailed, and(111) textures at graphite substrate temperatures
and vice versa. If the total strain energy controlled theof 1373, 1673 and 1773 K, respectively.

texture, the inversion from the 10 or (11 1) to the The surface topographies and the cross sectional
(100 texture would not have taken place. The pro-structures of TiN films are closely related to their

f"‘ - m*,—" 

Ree vV onMagn Det-MWD Exp F———— 1um

30,0492,0  20000x SE 10.9/ 564 &

f%
(b)

(c)

Figure 6 Surface topographies and models of TiN films with (&P 0), (b) (110 and (c)(11 1) textures [27].
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assume the orientation which place the lowest surface
energy crystal facets parallel to the substrate under most
evaporating conditions.

The surface topography and the cross-sectional mi-
crostructure of vapor deposits are closely related to the
their textures.
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