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Deposition of Cu-Ni films by Magnetron Co-Sputtering and
Effects of Target Configurations on Film Properties

Soo-Hyung Seo*, Chang-Kyun Park**, Young-Ho Kim***, and Jin-Seok Park**

Abstract - Structural properties of Cu-Ni alloy films, such as preferred orientation, crystallite size, in-
ter-planar spacing, cross-sectional morphology, and electrical resistivity, are investigated in terms of tar-
get configurations that are used in the film deposition by means of magnetron co-sputtering. Two differ-
ent target configurations are considered in this study: a dual-type configuration in which two separate tar-
gets (Cu and Ni) and different bias types (RF and DC) are used and a Ni-on-Cu type configuration in
which Ni chips are attached to a Cu target. The dual-type configuration appears to have some advantages
over the Ni-on-Cu type regarding the accurate control of atomic composition of the deposited Cu-Ni al-
loy. However, the dual-type-produced film exhibits a porous and columnar structure, the relatively large
internal stress, and the high electrical resistivity, which are mainly due to the relatively low mobility of
adatoms. The affects of thermal treatment and deposition conditions on the structural and electrical prop-

erties of dual-type Cu-Ni films are also discussed.
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1. Introduction

Cu-Ni alloy films are considered to have potential for
piezo-resistive applications, such as thin film strain
gauges, mainly due to the low temperature coefficient of
resistivity (TCR) [1]. The Cu-Ni alloy forms a complete
solid solution in the entire region of compositions since
the Cu and Ni atoms constitute a face-centered cubic
(FCC) structure. A co-sputtering method has widely been
used to deposit the thin film of Cu-Ni alloy by adopting
the various types of target configuration [2-4]. Among the
target configurations, the following two types have often
been introduced: one is the configuration that uses a sin-
gle target with several Ni chips attached on the Cu-base
target (hereafter, denoted by an Ni-on-Cu target) [4] and
the other is the configuration that uses separate targets
consisting of Cu and Ni (hereafter denoted by a dual-
target) [2-3]. However few studies in literature address
the influence of target configurations on the growth be-
haviors and properties of deposited Cu-Ni alloy films.

In this research, we systematically investigate the ef-
fects of target configurations, including both the Ni-on-
Cu type and the dual-type configurations, on the struc-
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tural and electrical properties of deposited Cu-Ni films.
All the results obtained from this research are character-
ized in terms of the two target configurations.

2. Experimental

The Cu-Ni films were deposited using a magnetron co-
sputtering system composed of tilted DC and RF multi-
cathodes. P-type Si (100) and glass were used as sub-
strates for the morphology study and crystal structure
analysis, respectively. The atomic composition ratios of
Cu to Ni in deposited Cu-Ni alloys were controlled in the
following two ways. First, in the dual-type configuration,
DC power varying from 27W to 61W was applied to the
Cu target and RF power of 130 W and 140 W was applied
to the Ni target. Secondly, in the Ni-on-Cu type, the rela-
tive ratio of the Ni-chip to the whole target area was al-
tered and RF power of 100 W was applied to the target.
The working pressure and substrate temperature varied in
the range of 2-7 mTorr and 25-200° C, respectively.

The preferred orientation, crystallite size, and full-
width at half maximum (FWHM) of deposited films were
evaluated from the x-ray diffraction (XRD) patterns [5].
(The x-ray diffraction used Cu-Ko. radiation, a 40-60°
range, and a Bede D3 system.) The atomic composition
was estimated using the electron dispersive x-ray spec-
trometer (EDXS) (model Oxford D-7168), which was at-
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tached to the field-emission scanning electron microscopy
(FE-SEM) equipment (model JSM-6330F). The cross-
sectional morphology was monitored from the high-
resolution FE-SEM images. The electrical resistivity was
also measured using the four-point probe technique.

3. Results and Discussion

Figs. 1(a) and 1(b) show the Ni content variations in-
corporated in the deposited Cu-Ni films in terms of the
two proposed target configurations. The various atomic
composition ratios were found to be obtained either by
varying the DC power (for dual-target) or by changing the
Ni/Cu area ratio (for Ni-on-Cu target). In addition, the
result indicated that the more precise and easier control
for the atomic composition was possible by adopting the
dual-target rather than the Ni-on-Cu target configurations.
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Fig. 1 The variations of Ni content in Cu-Ni alloy films
deposited using (a) dual-type and (b) Ni-on-Cu
type target configurations

The XRD patterns were measured from all the Cu-Ni
films deposited using the two proposed target configura-
tions and the results were compared as shown in Fig. 2.
All the peaks were assigned to the Cu-Ni solid solution of
FCC crystal structure, while no diffraction peak due to

atomic Ni was observed. The intensity of the (111)-plane
was found to be greater than that of the (200)-plane,
which indicates that the Cu-Ni film deposited on the glass
substrate preferred to grow along the <111>-direction
since the FCC structure’s (111)-plane was closely packed
with a relatively small lattice energy. As the Ni content
increased, the (111)-peak shifted to a higher diffraction
angle of 20, while the preferred orientation scarcely

changed.
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Fig. 2 X-ray diffraction patterns of Cu-Ni alloy films de-
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target configurations
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Fig. 4 The variation of inter-planar d-spacing as a func-
tion of Ni content. The lines illustrate the Vegard’s
law. (@ : dual-type/130 W, M : dual-type/140 W,
® : Ni-on-Cu type/100 W, ¥ : dual-type/140
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Fig. 3 shows the variations of FWHM value and crys-
tallite size which was estimated from the XRD patterns
shown in Fig. 2. As the Ni content increased, the FWHM
value increased and correspondingly the crystallite size
decreased. In addition, note that the crystallite size of the
Ni-on-Cu type Cu-Ni films was larger than that of the
dual-type film. In the dual-type configuration, the overlap
of two plasmas generated from the two separate targets is
unavoidable, which may lower the ion energy of sputtered
particles and thus reduce the mobility of adatoms reach-
ing the deposited film surface. The reduced adatomic mo-
bility in the dual-type configuration is believed to have
hindered the crystal growth of Cu-Ni films.

in general, the Cu and Ni atoms form a single solid so-
lution that follows Vegard’s law in the whole composition
range since both atoms have similar electro-negativities
and atomic radii [6]. Fig. 4 depicts the inter-planar d-
spacing of deposited Cu-Ni films, which was calculated
by applying the Bragg equation to the (111) peak [5]. For
the Cu-Ni films deposited using the Ni-on-Cu target, the
d-spacing value almost linearly decreased with Ni content,
which was in good agreement with Vegard’s line. For the
films deposited using the dual-target configuration, how-
ever, the d-spacing value was relatively large and the
variation of d-spacing with Ni content deviated from the
Vegard’s line. In addition, for the dual-target produced
Cus;Niy; film (marked by ™ (Cus;Nig;)’ in Fig. 4), the
thermal annealing was performed at 200° C for 3 h. The
d-spacing value of the Cus;Niy, film was estimated to be
of 2.081 A for the as-deposited state and 2.074 A for the
annealed state (marked by W in Fig. 4), respectively.
The large d-spacing value as well as the disobedience to
Vegard’s law, as observed in the dual-target produced Cu-
Ni films, was attributed to strong internal compressive
stress. The Cu-Ni film was previously reported [7] to con-
tained compressive stress along the <111>-direction per-

pendicular to the growth surface, while the horizontal di-
rection to the growth surface produced the tensile stress.
The reduction of the d-spacing value, which was observed
in the thermally-annealed Cus;Niy; film, was believed to
be due to the release of internal stress.
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Fig. 5 Cross-sectional FE-SEM morphologies of Cu-Ni
films as a function of working pressure and depo-
sition temperature for (a) Ni-on-Cu type film and
(b)-(e) dual-type films
(The measured values of film thickness/electrical
resistivity are also designated.)

The tensile stress that has been reported [8] to be
formed by low-mobility adatoms may lead the deposited
Cu-Ni film to reveal a columnar structure. In addition, the
formation of a grain boundary causes the tensile stress
when the grain growth occurs from some initial islands.
In this stage, when the high-mobility adatoms arrive at
the grown film surface, the tensile stress is relaxed by the
incorporation of those adatoms into the grain boundaries.
On the other hand, when the low-mobility adatoms arrive
at the surface, the tensile stress is maintained upon coa-
lescence since the low-mobility adatoms are hardly dif-
fused into the grain boundaries, which accordingly hin-
ders the grain growth and results in a narrow columnar
structure.

In Fig. 5, the cross-sectional FE-SEM morphology of
the dual-target produced Cu-Ni film is compared with the
morphologies obtained from the Ni-on-Cu target films,
along with the corresponding resistivies of both types of
films. Even when the Cu-Ni films were prepared under
the same working pressure (5 mTorr) and deposition tem-
perature (room temperature), the dual-target films (see
Figs. 5(b) and 5(c)) showed porous columnar structures
and revealed relatively high resistivities (501 puQcem and
540 pQcm, respectively), while the Ni-on-Cu target film
(see Fig. 5(a)) exhibited a granular structure and a rela-
tively low resistivity. As already discussed, the columnar
structures and higher resistivities observed in the dual-
target Cu-Ni films were ascribed to the relatively low
mobility of adatoms reaching the film surface. In addition,
the resistivity of CuNi film was founded to be reduced
either by decreasing the working pressure to 2 mTorr (see
Fig. 5(d)) or by increasing the deposition temperature to
200° C (see Fig. 5(e)). These results indicated that the
adatomic mobility was enhanced and the highty-

cansolidated Cu-Ni alloy films were obtained.

4. Conclusion

Experimental results regarding the preferred orientation,
crystallite size, d-spacing, cross-sectional morphology,
and electrical resistivity of Cu-Ni alloy films are pre-
septed in terms of two different target configurations. Al-
though the dual-target configuration appeared to have
some advantages for the precise and easy control of the
atomic composition in the Cu-Ni alloy films, the dual-
target films exhibited smaller grain sizes, higher resistivi-
ties, and porous columnar structures. In addition, the
dual-target films® d-spacing variation with Ni content
showed some deviations from Vegard’s law. These results
wére ascribed mainly due to the relatively strong internal
striess in the Cu-Ni films deposited using the dual-target
cohfiguration since the overlap of two plasmas reduced
the mobility of the adatoms reaching the film surface and
accordingly maintained the internal stress upon coales-
ceipce. In the dual-target Cu-Ni films, decreasing the
waorking pressure, increasing the deposition temperature,
or,using thermal treatment reduced the d-spacing values
and electrical resistivities and the highly-consolidated
film structure of Cu-Ni alloy could be obtained due to the
release of internal stresses through the enhancement of
adatomic mobility.
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