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ABSTRACT

(each Ag and Ni layer consists of 5, 8, 20 and 40 atomie planes for different films respectively) have been in-

Grain preferential orientation of Ag/Ni multilayered films with different layer thicknesses

vestigated by transmission electron microscopy. For Ag and Ni grains of fee lattice structure, there is a domi-
nant [ 111] preferential orientation along the growth direction, the film is mainly [ 111] textured. But the
texture axis may deviate for about 20° and some extend of {121) texture may be formed as the result. Increas-
ing of the layer thickness restrains this axial deviation and enhances [ 111] texture. The electron diffraction
analysis indicates that multilayered film may consist of columnar structure, Ag and Ni grains in each column
take the same orientation while grains in adjacent columns have correlated but somew hat different in-plane ori-
entations. At the first stage of deposition of layers on the glass substrate, the grains show preferential orienta-

tion in growth direction only, the irrplane orientations are at random. The irrplane texture of the film is
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formed when the deposition is further proceeded.
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1 INTRODUCTION

The very thin metallic layers may exhibit
different structural characteristics from those of
bulk materials with the same composition, and
the interaction between two elemental layers may
probably induce new effects. Stimulated by these
interesting features, metallic multilayered film
have been a hot spot of study in the field of new
materials in recent years. The influence of layer
thickness on the elastic and magnetic properties
of metallic multilayered films had been studied

"3 The grain structure and

by some authors!
the structural correlations between grains in two
elemental layers play important roles in the phys-
ical properties of multilayered materials. The
present paper focus on the transmission electron
microscopy ( TEM ) investigation of grain pref-
erential orientation of Ag/ Ni multilayered films,
and the influence of layer thickness on it. Choos-
ing of Ag/ Ni system was based on the considera
tion that in the bulk state, the Ag-Ni system has

a very limited mutual solubility'*', and both
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metals show fcc structure but with a large differ-
ence in lattice parameters ( aa,= 0. 4085 nm,

ani= 0.3523 nm, f = Aa/a= 0.15). Thus,

Ag/Ni multilayered film has the features of hav-
ing a periodic structure with sharp concentration
modulations and a large lattice mismatch at the
interfaces between two elemental layers.

2 EXPERIMENT

2.1 Samples

Ag/Ni multilayered films were provided by
CENG ( Central d’ Etudes Nucleairs de Greno-
ble) of France. They were prepared by cathodic
sputtering: alternately depositing Ag and N1 lay-
ers with several atomic planes on glass substrate,
thus the artificial periodic structure of br metallic
layers was formed. According to the nominal
number ( Na, and Nnj) of atomic planes in Ag
and Ni elemental layers, the samples are denoted
as Nao/Nni, 1.e. 5/5, 8/8, 20/20 and 40/40
respectively. The total thickness of these multr
layered films is about 5 Hm, the films could be
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easily detached from the glass substrate.

2.2 TEM observations

TEM experiments were mainly carried out
with JEOL-200CX transmission electron micro-
scope. The observations were carried out mainly
with plane-view specimens, thus the electron
diffraction patterns contain irrplane structural
information of the film. The planeview TEM
specimens were prepared by doublejet electro-
polishing and ion milling. For 40/40 multilay-
ered film, besides the plane-view specimens, the
cross—sectional specimen was also prepared with
the method reported by Yang et al'”', and ob-
served by TEM with incident electron beam par-
allel to the interfaces of the film. In order to
measure the lattice spacings of the diffraction
rings, very thin Cu polycrystalline film was de
posited on some of the TEM specimens and its
diffraction rings were taken as the calibration.

3 RESULTS AND DISCUSSION

At first, examine the electron diffraction
pattern of 20/20 planeview specimen as shown
in Fig. 1(a).

spacing d, the diffraction rings are indexed as

According to the values of lattice

(from low d spacing to higher d spacing) Ni
(220), Ag(220), Ni(111), Ag(111) and Ag
(422)/3 (see Fig. 1(a)) respectively. Near the
inner side of Ni( 111) ring, there is a very weak
Ni(422)/3 ring could be observed. No (200)
ring could be found. The intensities of the
diffraction rings are not uniform but divided into
arcs showing 6-fold symmetry, and with Ag and
N1 diffraction arcs of the same indexes always in
the same directions. According to the diffraction
theory, for fcc Ag elemental layer, when the
number of (111) closepacked atomic planes par-
allel to the interfaces is N= 3n (n is an integer
number, thus the layer consists of several com-
plete fce unit cells), (422)/3 is a forbidden
diffraction and will not appear. When N= 3n &=
I, 1. e., besides the complete fece unit cells,
there are® surplus” atomic planes in each Ag lay-
er, these “surplus” atomic planes cause the
structural factor of the (422)/3 reflection being
nomzero, and result in the appearance of Ag

(422) /3 diffraction ring. The formation of this
(422)/3 “forbidden” diffraction in fee thin film
had already been discussed by Cherns'®'. The
existance of Ag(422)/3 and Ni(422)/3 forbid-
den rings in Fig. 1(a) indicates that the (111)
planes of the lattice are parallel to the surface of
the film, in other words, the grains in Ag/Ni
multilayered film exhibit [ 111] preferential orr
entation along the film growth direction. The
electron diffraction pattern of 5/5 specimen is
shown in Fig. 1(b). The pattern of 8/ 8 film is
similar to that of 5/5 film, while the pattern of
40/40 film is similar to that of 20/20 film.
Judge from the similarity of these patterns, the
structures of these samples are believed to be ha
sically the same, although there may be some
differences between them indicated by the small
disparities in the diffraction patterns. For 40/40
film, the TEM bright field image of the cross
sectional specimen shows clearly the periodic lay-
ered structure. In the corresponding electron
diffraction pattern, along the perpendicular di-
rection of the layers the Ag(111) and Ni(111)
spots appear much stronger than those in the
other directions, confirming the existence of
[ 111] texture along the growth direction in mul-
tilayered film. Comparing the diffraction pat-
terns of 5/5, 8/8, 20/20 and 40/ 40 samples, it
is found that the relative intensities of Ag(422)/
3 and Ni(422)/3 forbidden diffractions increase
with the layer thickness. It seems to indicate
that the [ 111] texture of the multilayered film
gets relative stronger with the increasing of layer
thickness. It is well known that for electron
diffraction, if the multilayered film is completely
[ 111] textured, there would be no ( 111)
diffraction for plane-view specimen; besides, in
a single set of fcc lattice the (111) diffraction
never exhibits six-fold symmetry. But in our ex-
periment, the diffraction patterns show rather
strong Ag(111) and Ni( 111) rings. Moreover,
these (111) diffractions exhibit six arcs with six-
fold symmetry. This puzzling result may have
the following two explanations.

The first explanation: Examine the stereo-
graphic projection of the fcc lattice as shown in

Fig. 2, near [ 111] axis there are [ 121], [ 112]
and [ 211] axes exhibiting threefold symmetry
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Fig. 1 Selected area electron diffraction patterns

of 20/20 (a) and 5/5 (b) multilayered films

with each other around the [ 111] axis. The an-
gles between [ 111] and these three {121) axes
0= 19.47, which is the

smallest one among the angles between [ 111]

are the same, 1i.e.

and the other directions. The existance of ( 111)
diffraction arcs is probably caused by the fact
that in these samples, besides the [ 111] tex-
ture, there is some extend of {121) texture ap
pearing as the result of the anisotropic deviation
of the [ 111] texture axis. Such axis deviation
has been observed by high resolution electron mr
Ag/Ni

. Its origin may be due to the steps

croscopy  in an cross-sectional

specimen[ U
necessary to achieve the relaxation of the Ag/ Ni
interfaces by misfit dislocations. Three sets of
(121 preferential oriented grains with texture
axes exhibiting threefold symmetry around the
[111] axis form the six-fold (111) and ( 220)
arcs in the diffraction pattern ( also no (200)
diffraction) . For fee lattice, (111) is the most
closepacked plane, thus [ 111] texture is the
most energy favourable for the growth of Ag/Ni
multilayers system. The deviation of the texture
axis would enhance the total free energy of the
system, so it is reasonable that with further
progress of deposition of the layer ( layer getting
thicker), the deviation of the axis tends to be re-
strained and [ 111] texture tends to be en-
hanced.

The second explanation: Considering the

very short periodicity of these multilayers, the

110

112

101

Fig. 2 Stereographic projection of fec lattice

appearance of ( 111) diffraction rings may also be
due to the higher-order Laue zone diffraction
phenomenon of [ 111] preferential oriented
grains. Since the elemental layers in the multr
layered films are very thin, the reciprocal lattice
spots appear as elongated rods with the elonga
tion direction perpendicular to the layers. Thus

it is possible that the Ewald sphere cuts the
111" reciprocal rods at the first-order Laue zone

which gives (111) diffraction. The angle be

tween [ 111] " direction and (111)

plane is also
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19.47°. The TEM specimenrtilting experiment
shows that, when the specimen is gradually tilt-
ed around an axis, and the angle between the in-
cident electron beam and the normal of the mul-
tilayered film is changed from (7 to about 2(°,
the (111) diffraction in the direction perpendic-
ular to this axis gets continuously stronger.
Then it tends to be weaker with further tilting.
This result support the explanation stated above.

In the diffraction patterns of 20/ 20 and 40/
40 samples, there is a strong diffracton ring near
the incident spot with d spacing of about 1 nm.
This d value is quite near the calculated spacing
of the Moiré fringe formed by the parallel and
same oriented Ag(220) and Ni(220) planes (d
= 0.92nm). In the bright field image of 40/ 40
sample heat treated at 200 C as shown in Fig. 3,
there are many parallel Moiré fringes with spac
ing agree with the above calculated value, which
are believed to be formed by parallel Ag( 220)
and Ni(220) planes. Thus the small diffraction
ring near the incident spot is the contribution of
double diffraction from Ag(220) and Ni(220)
planes. Such double diffraction has also been oh-

1. The ap

served in Au/Ni superlattice films'
pearance of strong double diffraction, and the
fact that the diffractions from Ag and N1 planes
of the same indexes are always in the same direc
tions indicates that in a single column of the mul
tilayers ( which will be described later), most of
the Ag and Ni grains keep the same orientation.
It is found that the appearance of double diffrac
tion is also dependent on the layer thickness: it
is absent in 5/5 sample and begins to appear in
8/ 8 sample, although the intensity is very weak
then. When the layer thickness increase, the
double diffraction ring gets stronger. The ideal
double diffraction is formed from two crystals
whose lattices be undistorted and parallel to each
other. The absence of double diffraction in 5/5
sample is probably due to the large coherency
strains induced by the large lattice mismatch be-
tween two layers. Increasing of layer thickness
enable the formation of misfit to dislocate at the

9] , thus is

interfaces and reduce the lattice strain
favourable for the appearance of double diffrac
tion.

For all of the samples, besides the preferen

Fig.3 TEM bright field image of 40/ 40

sample showing the Moiré pattern
Y g Y

tial orientation of grains along the growth direc
tion of the multilayers, the intensity anisotropy
of the diffraction rings indicates that there are
irr plane preferential orientations too. The orien
tational spread of the diffraction arcs reflects the
distribution of this preferential orientations of
the grains among the selected area. The orien-
taional spread of (220) diffraction arc for 5/5,
8/ 8 and 20/ 20 multilayered films is 11°, 15° and
21° respectively, the spread range increases with
layer thickness. The selected area for electron
diffraction is as large as 1 Mm?, which contains a
large amount of grains. It seems that during the
layer growth, there is some correlation between
the orientations of adjacent new grains, but this
correlation is weak that there may be small orr
entational deviation between the grains. With
the increasing of layer thickness, and as its con-
sequence, the number of grains, the cumulative
irplane orientational scatter gets larger and re-
sults in the increase of the spread range of the
diffraction arcs. During TEM observations of all
the samples, when the area selecting aperture is
laterally displaced, the orientations of arcs in the
diffraction patterns are simultaneously changed
continuously. Referring to the report of colum-
nar structure found in Au/Ni multilayered
film'®, this phenomenon can be explained by
the follow ing morphological description: the Ag/
Ni multilayered film consists of a lot of columns
perpendicular to the layer with crosssectional
area much smaller than the TEM selected area.
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In each column the imrplane orientation of the
grains is the same, while neighbouring columns
show correlated but somewhat different in-plane
orientations. In order to study the influence of
glass substrate on the structure of multilayered
film, for the 20/ 20 sample, the thin TEM spec
imens from the part contacting the substrate dur-
ing deposition (the bottom side of the film) and
from the part exposing to the air ( the top side of
the film) had been prepared by single jet electro
polishing. The electron diffraction pattern of the
bottom side specimen is shown in Fig. 4, com-
pare it with Fig. 1(a) (taken from the central
part of the 20/ 20 film), the diffraction rings do
not split into arcs but are homogeneous in inten-
sity, although the relative intensities of the rings
The diffraction
pattern of the top side specimen is equivalent to
that of Fig. 1(a). These results indicate that, at
the first stage of deposition of multilayers on the
glass substrate, there is preferential orientation
along the growth direction only, the inplane
orientations of grains are at random. As deposr
tion of layers being further proceeded, the imr

are similar to that of Fig. 1( a).

plane preferential orientation (texture) is estab-
lished progressively probably due to the correla

Fig. 4 Electron diffraction pattern of the foil
contacted to the glass substrate
during deposition of 20/ 20 sample

tion between neighbouring grains which tend to
have the same orientation. It is probably the
amorphous structure of the glass substrate which
is unfavourable to the formation of the inplane
texture.

4 SUMMARY

For Ag/Ni multilayered film, there is a
dominant [ 111] texture along the growth direc
tion. The texture axis may exhibit orientational
deviation for about 20° and result in the forma
tion of {121) texture in some extend. With in-
creasing of layer thickness, the deviation of tex-
ture axis tends to be restrained and [ 111] tex-
ture tends to be enhanced. It is proposed that
the multilayered film consists of columnar struc
ture, Ag and Ni grains in each column take the
same orientation while grains in adjacent
columns show correlated but somew hat different
irplane orientations. At the first stage of depo-
sition of multilayers on glass substrate, the
grains show preferential orientation in growth
direction only, the inplane orientations are at
random. With further deposition, the imrplane

preferential orientation is formed.

REFERENCES

1 Makous J L and Faleco C M. Solid State Commun,
1989, 72(7): 667- 670.

2 Makous J L and Faleco C M. Solid State Commun,
1988, 68(4): 375- 378.

3 Broeder F J A, Kuiper D and Mosselaer A P.

Phys Rev Lett, 1988, 60(26): 2769- 2772.

4 Massalski T B, Murry J L, Bennett L. H and Baker
H. Binary Alloy Phase Diagrams. Metals Park Ohio:
American Sociaty for Metals, 1986.

5 Yang H, Takenaka Y, Ishida A and Fujiyasu H. ]
Appl Phys, 1990, 68(4): 1606- 1609.

6 Cherns D. Phil Mag, 1974, 30: 549.

7 Rodmacq B and Thibault J. In: Proceedings of Mate
rials Research Society Spring Meeting, Anaheim:
1991: 229.

8 Dohnomae H, Takayama N and Shinjo T. M ater
Trans, JIM, 1990, 31(7): 615- 621.

9 Matthews ] W and Blakeslee A E. J Cryst Growth,
1974, 27(1): 118- 125.

( Edited by Zhu Zhongguo)



