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Abstract

In this paper, the structure of nanometer tungsten thin films has been correlated to their surface
morphology. Films have been deposited by RF-sputtering at a working pressure of 0.5 Pa and
with a power density of 1.18 W/cm?. Two phases with different morphology has been observed :

W30 with a nanograins structure is present in the first step of the tungsten growth; and, when the
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thickness is increased, a pure tungsten Wolfram phase (W) with a lamellar structure appears. We
demonstrate that W50 is related to a pollution of the target surface between two growth runs. We
succeed to suppress this phase and to obtain pure tungsten Wolfram nanolayer, in order to realize

[W/WOs3], multilayer.

Keywords: RF-sputtering; tungsten thin films; W3O structure; W structure; Atomic Force

Microscopy; X-Ray diffraction.

1. Introduction

Nanomaterials possess original physical properties. Many searchers study about mechanical [1-
4]; optical [5-6], electrical [4;7] or magnetical [4] properties. On the other hand, tungsten is a
material well known for its particular characteristics : high hardness, high melting point, low
coefficient of friction, resistance against oxidation and corrosion [1;8]. We purpose the study of
the mechanical properties of tungsten nanomaterial.

X-Ray diffraction patterns analysis of tungsten layers often show the existence of two phases [9-
10]. The pure tungsten Wolfram (W) wished; and a second one that was determined to be a low
oxidized tungsten phase, W30-A15 also called -W. This unwished phase exists in the very first
step of the tungsten films growth.

Our purpose is to realize multilayer structure W/WO, and W/WNy with some nanometers of
thickness. In these nanolaminated structures, the individual layer thickness is lower than 50 nm.
Then, the unwished W3O phase will dramatically perturb the mechanical properties of
multilayers. The oxidized tungsten phase must be absolutely avoided. The objective of this work

is to control pure W Wolfram nanolayer elaboration for monolithic layer and multilayer.



2. Experimental procedure

2.1. Thin films deposition

Tungsten films are deposited at room temperature by R.F-sputtering. The working pressure

during deposition is 0,5 Pa. The sputtering target (127 mm of diameter) consist in of pure

tungsten element metal. Tungsten films are grown using pure argon plasma. WO; films are

deposited by a reactive R.F-sputtering with an atmosphere composed of an Ar + O, (20%)

mixture. The target-substrate distance is kept constant at 70 mm. During deposition, the power

density on the tungsten target is 1,18 W/cm?. <100> silicon wafers are used. A shutter can be
placed between the sputter source and the substrate, in order to prevent the layer deposition
during the target cleaning process and to allow the multilayer realisation.

Three kinds of samples have been processed :

— Tungsten monolayers without target cleaning and with different thicknesses;

— Tungsten monolayers with a target cleaning before deposition;

— Tungsten monolayers with a target cleaning before deposition and with a target cleaning after
a fictitious WOj3 layer. The experimental procedure of this third type of sample is described
below.

In order to analyse the structure of the tungsten layers in the multilayer [W/WQ3],, we have

grown a tungsten layer in the same conditions rather than during the multilayer process. We have

first cleaned the target during 1 hour. WOj3 layer (50 nm of thickness) is grown by a reactive RF
sputtering (Ar + O, (20%) mixture); with the shutter closed. The WO3 growth is then performed
on the shutter and not on the wafer. This layer is then called “fictitious” WOj3 layer. At the end of
this fictitious layer, the O, reactive gas is removed from the chamber. A target cleaning of the
target surface is performed before the W Wolfram film deposition. 1, 3 and 5 minutes have been

chosen for target cleaning after the remove of the oxygen gas from the growth chamber. The W

layer is then deposited. The so obtained layer is a tungsten one, grown in the same condition

rather than during [W/WO3]; multilayer growth.



2.2. Thin films characterisations

A Bruker D8 Advance X-Ray Diffractometer (XRD) is used to investigate film structure,
employing the Cu-Ka radiation and Ni filter. Film surfaces are observed by Atomic Force
Microscopy (AFM tapping mode), using a Digital Instruments 3100. X-Ray reflectometry (XRR)
(Bruker D8 Advance) and AFM are used to check the surface’s roughness. Thicknesses are
simulated by a spectrum fit of XRR if it is smaller than 100nm. Otherwise they are observed on

cross section by a Scanning Electron Microscopy (SEM), using a Zeiss DSM982 Gemini SEM.

3. Results

3.1. XRD patterns analysis

X-Ray diffraction patterns analysis performed on very thin tungsten layers show the existence of
two phases : W Wolfram (W) and a low oxidized tungsten phase W30-A15 (B-W). W is
thermodynamically stable form under ordinary conditions. It is a body centered cubic structure
with a cell of 3,1648 A and a density of 19,262 (JCPDS file 4-806). W30 has been reported by
A. Katagiri et al. to be an intermediate phase before the growth of pure W [11]. It is a cubic
structure with a cell of 5,047 A and a density of 14,662 (JCPDS file 41-1230). The nature of this
oxide has been described by several authors [9-15]. XRD patterns analysis show that W30 peaks
are observed in the thin films when thicknesses are smaller than 100 nm.

Figure 1 a, b and ¢ present XRD patterns of tungsten thin films with different thickness : 48 nm;
94 nm and 175 nm respectively. XRD patterns are performed between 26 = 30° to 130°. In figure
1, only the 34°-46° range is presented since no significant peaks were found elsewhere. When
the thickness increases, the intensity of W30 peaks decreases whereas the intensity of W peaks
increases.

3.2. Surface morphology

AFM analysis show a change of the surface morphology of these films when the thickness

increases (fig.2). For a 48 nm thick tungsten film, only nanograins are observed (fig.2a). At the



opposite, for a 175 nm thick tungsten films there are only lamellar structures (fig.2c). Figure 2b
(94 nm of thickness) presents an intermediate surface morphology between these two textures.
Indeed, the lamellar structure is predominant and some nanograins are still present.

A mass production of layer, using a pure tungsten target with the same growth parameters, has
been performed. Same results are obtained with a good reproductibility of the observed phase
(XRD results), related to the surface microstructure (AFM studies).

3.3. Influence of the target cleaning

To observe the influence of the target cleaning before the tungsten deposition, two films have
been grown, with the same thickness (86 nm determinate by XRR). Only target cleaning time
changes : 10 min and 60 min.

XRD analysis results are presented in figure 3. The oxidized tungsten W3O is the major phase
when the target cleaning is 10 minutes (fig.3a). This last phase disappears totally when the target
cleaning time is more important (60 min). In fig.3b no more W30 peaks are observed and the
only one peak present is the (110) W.

Figure 4 a and b shows AFM images of tungsten thin films after target cleaning for 10 and 60
min respectively. Films have the same thickness, 86 nm. Both nanograins and lamellar structures
are observed when only a 10 min target cleaning is performed. The lamellar structure is the only
one observed with a 60 min of target cleaning.

3.4. Growth of a pure W layer after WO3 layer deposition phase

The objective of this work is to realize multilayer [W/WQg3],, with pure W target in order to study
the mechanical properties. Three thin films of tungsten with a fictitious WOj3 layer have been
performed with different target cleaning period before W layer deposition: 1 min, 3 min and 5
min.

XRD patterns analysis of these three films have been performed. They are similar. For instance,
figure 5 represents tungsten thin film XRD diagrams after 1 min of target cleaning between WO3

“fictitious” film and W film.



The surface microstructure, and the roughness (0,47 nm) are the same for the three experiments

(fig.6). It shows the only presence of lamellar microstructure.

4. Discussion

XRD patterns analysis (fig.1) shows the dominant presence of the oxidized tungsten W3O peaks
with a (002) preferential orientation for all samples thinner than 100 nm and without target
cleaning. When the thickness increases, W peak (110) appears until it becomes majority. In
fig.1c) the thickness is too thick to see the peak of the W30 intermediate phase, present in the
first step of the tungsten growth. For 175 nm thick films, only the W peaks (110) are observed.
This suggests that when the growth is carried on, the W3O diffraction peak decreases
progressively and disappears completely for a layer thickness higher than 175 nm in favour of W
(fig.1c). The oxidized tungsten W30 peaks aren’t present for all samples thinner than 100 nm
and performed with a target cleaning (fig.3b). These results suggest that the W3O phase is related
to a target pollution between two growth runs. In sputtering, this phenomenon is currently
observed [16]. 60 min of target cleaning at 150 Watt are necessary to remove the oxidized layer
formed at the target surface between two runs (few hours). This procedure allows to obtain a
pure W layer (fig.3b), even if the tungsten layer thickness is smaller than 100 nm. Experimental
XRD patterns show the only presence of W peaks. These patterns lead to the determination of
the tungsten Wolfram thin film cell parameters (a=b=c=3,179 A).

Concerning the morphology of the surface of the layer, when only W30 peaks are observed in
XRD patterns, the surface presents the same nanograins morphology (fig.2a). When both W30
and W peaks are present in XRD patterns a lamellar structure with still some nanograins is
observed (fig.2b). When only W peaks are present in XRD patterns, only the lamellar structure is
observed (fig.2c). The same evolution of surface microstructure exists when the time of the
target cleaning is changed. With 10 min (fig.4a), both nanograins and lamellar structures are

observed, as for 100 nm fig.2b). With 60 min, only the lamellar surface structure is observed



(fig.4b), as for 194 nm fig.2c). It’s then possible to correlate the surface morphology thin films to
the layer phase composition : W30 phase presents a nanograin microstructure whereas pure W
phase has a lamellar structure. These results are confirmed by the AFM surface analysis
performed on the sample grown with the target cleaning. We observed in fig. 4b the lamellar
morphology correlated to the pure tungsten Wolfram XRD patterns.

The objective of our work is to study the mechanical properties of nanolaminated [W/WOQ3],
multilayers. The structure consists to a periodic stacking of two layers : W Wolfram and WOs.
WO; layers are deposited by a reactive RF-puttering. Then, the target surface is probably
oxidized during the WO3 layer deposition. Nevertheless, during this deposition, the target surface
oxidation is much lower than between two runs. Indeed it is continually sputtered and then
cleaned by Ar” ions. The principal W50 peak (002) at 35,3° is not observed (fig.5) even with 1
min of target cleaning performed before the W layer growth. Only W (110) peak is represented
in the XRD pattern, which indicate that the tungsten layer is constituted of pure W Wolfram.
Then 1 min of target cleaning before the W Wolfram layer growth is enough to remove the
oxidized layer to the target surface. This result is compatible with the elaboration of

nanolaminated structure.

5. Conclusion and future outlook

W30 phase is observed in tungsten thin films with thicknesses smaller than 100 nm and
performed without target cleaning. When the thickness increases, the W30 phase decreases
progressively to disappear completely for a layer thickness higher than 175 nm, in consideration
of W Wolfram. When a 60 min target cleaning is performed, only W Wolfram is present. In this
paper we correlated the morphology surface with the stoechiometry layer : W possess a lamellar

structure; W30 a nanograins structure.



Moreover we demonstrate that it’s possible to realize multilayer [W/WOs3], without the presence
of W30 phase in W films by a 1 min target cleaning performed after WOj3 reactive sputtering

deposition and before the W layer growth.
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List of Graphics Captions

Fig. 1. XRD patterns of tungsten thin films with different thicknesses a) 48 nm , b) 94 nm and c)
175 nm.

Fig. 2. AFM morphology of tungsten films with different thicknesses a) 48 nm, b) 94 nm and c)
175 nm.

Fig. 3. XRD patterns of tungsten thin films (86 nm) after a target cleaning of a) 10 min and b) 60
min before deposition.

Fig. 4. AFM images of tungsten thin films (86 nm) after a target cleaning of a) 10 min and b) 60
min before deposition.

Fig. 5. XRD pattern of tungsten thin film (50 nm) after 1 min of target cleaning performed
between WO; “fictitious” film and W film.

Fig. 6. AFM images of tungsten thin film (50nm) after 1 min of target cleaning performed

between WO; “fictitious” film and W film.
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