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Résumé. 2014 Nous décrivons les conditions de préparation de films minces épitaxiques d’argent,
de palladium et d’alliages argent-palladium déposés sur des faces (100) de MgO par pulvérisation
cathodique. L’orientation parallèle (100)d//(100)s (d pour dépôt et s pour substrat) est observée pour
les deux derniers systèmes. Les films sont caractérisés par THEED, RHEED, SAD, TEM et AES. La
composition massive des alliages est déterrninée par ICP. La pureté superficielle des films condensés
est étudiée et discutée.

Abstract. 2014 The experimental conditions to condense epitaxial films of silver, palladium and silver-
palladium alloys onto (100) air-cleaved MgO faces by glow discharge sputtering are related. The
orientation (100)d//(100)s (where d indicates deposit and s substrate) is observed for the two last
systems. The films are characterized by THEED, RHEED, SAD, TEM and AES. The bulk compo-
sition of the alloys is determined by ICP. The surface purity of the condensed films is examined and
discussed.

1. Introduction.

Silver-palladium coatings have many industrial applications such as electrical contacts, dental al-
loys, catalysis,... As the properties of thin films depend strongly on their structure, composition
and purity, we propose to condense silver-palladium alloy films onto single-crystal substrates by
glow discharge sputtering.

In a previous paper [1] we have shown that epitaxial films of Ag, Pd and AgPd alloys deposited
onto NaCI were chloride contaminated. In order to overcome this, we tried to prepare single
crystal films of Ag, Pd and AgPd on MgO single crystals. The deposition of such films by thermal
evaporation was the subject of several investigations [2, 4]. Asskali [5] obtained good epitaxial
(100) palladium films onto MgO by glow discharge sputtering. We showed [1] that by simultaneous
sputtering of both elements, it was possible to obtain monophase alloys at various concentrations.
In the present work, we examined the purity of epitaxial alloy films deposited onto MgO (100).
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2. Experimental technique.

The substrates were air cleaved (100) faces of MgO single crystals (purity 99.9%). After chemical
polishing in a HCI (4M)-CH30H solution and annealing two hours at 973 K in vacuum [6] they
showed reflexion high energy electron diffraction (RHEED) patterns characteristic of (100) single
crystal faces (Fig. 1). Auger electron spectroscopy was used for purity testing of the films. Auger
measurements were performed on a V G. LEED-Auger spectrometer with a retarding field anal-
yser using a 2.5 keV electron gun incident at 77° with respect to the sample normal. This grazing
incidence is known to increase the surface sensitivity of Auger electron spectroscopy.

Fig. 1. - a) RHEED pattern of a MgO (100) face after chemical polishing and annealing.
b) Pattern interpretation: orientation (100) azimuth 010&#x3E;.

After chemical (HCl (6M) CH30H) stripping from the MgO substrate, the films were studied
by transmission electron microscopy (TEM), selected area diffraction (SAD) and transmission
high energy electron diffraction (THEED). The films compositions were determined using induc-
tively coupled plasma atomic emission spectroscopy (ICP).

2.1 GLOW DISCHARGE SPUTTERING. 2013 Films were deposited in a d.c. glow discharge in pure
argon (99.995%) between two planar electrodes. The residual pressure before argon admission
was never greated than 6 x 10-5 Pa. The cathode was either a disc of pure silver (99.99%), a high
pressure compacted disc of palladium powder (99.9%) or a disc of pure silver partially covered
with palladium. A drawing of the experimental system was presented in part 1 [1]. The MgO
substrate was 40 mm away from the cathode and was in close contact with a copper block heated

by an inserted Xenophot 100 W, 12 V lamp. The substrate temperature was measured by a Ni/NiCr
thermocouple located in the heated copper block. We do not obtain the real surface temperature
by this method but it gives a good reproducibility. The pumping system consisted of a turbo-
molecular pump in order to minimize carbon contamination.
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2.2 INDUCTIVELY COUPLED PLASMAATOM IC EMISSION SPECTROSCOPY (1 CP). - Thealloyfilms
were dissolved in HN03 65 % p.a. (Merck) then diluted to obtain 5 ml of a 5 % acid solution.
Two standard solutions containing 10 ppm of Ag and Pd were prepared by dissolution of AgN03
and Pd (N03)2 2H2Ô in a 5 % HN03 solution. The measurements were performed on an ICP
spectrometer IL-100 from Instrumentation Laboratory.

3. Experimental results.

The epitaxial conditions for various systems are summarized in table 1 and electron diffraction
patterns arc shown in figures 2-5. Although the lattice misfit is small between Ag and MgO (see
Thb. II), no good epitaxy was observed for this system. This result agrees partly with the literature :
Green et aL [7] could not obtain epitaxial silver films onto air-cleaved MgO faces by thermal evap-
oration and Kahn et al. [8] condcnsed polycrystalline silver films on MgO by sputtering. However,
a beginning of orientation is observed (Fig. 2). As it is possible to prepare epitaxial silver films
onto vacuum-cleaved MgO [7], the surface state of the substrate probably plays a critical role in
the epitaxy of silver.

Table I. - Epitaxial conditions by glow discharge sputtering.

T = temperature I = current density
V = voltage t = thickness

p = pressure

Remarks:

a) no epitaxy of silver is observed. However a beginning of orientation is shown in figure 2

b) perfect parallel epitaxy of palladium was obtained. The Kikuchi lines in figure 3 show the perfection
of the crystal lattice

c) a diffraction pattern is presented figure 4

d) a diffraction pattern is presented l1gure 5
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Fig. 2. - a) RHEED pattern of a Ag film deposited on MgO under the conditions listed in table I.
b) Pattern interprétation.

Table II.

We obtained a perfect parallel orientation of Pd (Fig. 3) and AgPd alloys (Figs. 4, 5) on MgO
(100). The epitaxial température is higher on MgO than on NaCl (see Tab. III). Tables 1 and III
suggest also that the epitaxial temperature of the alloys increases with the Pd concentration.
We studied the spectral lines of silver at 328.068 nm and palladium at 340.458 nm by ICP-

atomic emission spectrometry. The spectrometer was calibrated with the first standard solution
and a blank solution containing 5% HN03. The reliability of the method was checked with the two
standard solutions. The deviation was never larger than 2%. Table IV shows the relation between
the target composition and the film composition. The silver concentration is always higher in the
film than on the target. This is probably due to the relative sputtering yield of silver and palladium.
Seah [9] gives a ratio YAg/YPd of 1.4 and Mathieu and Landolt [10] a ratio of 1.89.
AES was used to estimate the purity of our films. We showed [1] that films deposited onto

heated rocksalt (100) faces were heavily chloride contaminated even in the bulk. Figure 6
shows an AES spectrum of a silver-palladium alloy film deposited onto MgO (100) at 973 K.
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Fig. 3. - a) RIIEED pattern of a Pd film deposited on MgO under the conditions listed in table I.
b) Pattern interpretation: orientation : (100) 011&#x3E;//(100) 011&#x3E;

Fig. 4. - a) SAS) pattern of a AgPd film deposited on MgO under the conditions listed in table I.
b) Pattern interpretation.

The surface of the sample has been cleaned by ion bombardment (Ar+, energy = 4 keV, pressure =
1.33 x 10-4 Pa) and annealed (&#x3E; 773 K). Therefore, no significant contamination of the restored
sample is observed by Augcr électron spectroscopy. It must be stressed that the carbon 272 eV

peak is overlapped by the Pd 279 eV peak, so it is difficult to assert that no carbon is present. We
obtain a ratio Pd (279 eV)/Pd(330 eV) = 0.16. This value is given by Vankar and Vook [11] for a
palladium surface frec of carbon. Even when the sample was heated for 5 hours at 843 K, the ra-
tio didn’t increase. The C 272 eV peak may also overlap with the Ag 261-266 eV In order to
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Fig. 5. - a) THEED pattern of a AgPd film deposited on MgO under the conditions listed in table I.
b) Pattern interpretation.

Table III. - A comparison between epitaxial temperatures (K) on NaCI (100) and MgO (100).

Table IV Comparison between the target composition and the film composition.

establish the absence of carbon, most investigators rely on the ratio R = (C272+Ag261-266)/
Ag303 ev [12]. R values for clean silver are in the range of 0.42-0.55 depending on the modula-
tion voltage. We found a ratio of 0.5. No oxygen was detected after ion cleaning and sample
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Fig. 6. - AES spectrum of an AgPd alloy deposited onto MgO after ion cleaning;
modulation voltage = 2.75 V, Ep= 2.5 keV.

Fig. 7. - AES spectrum of an AgPd alloy deposited onto MgO after ion cleaning;
modulation voltage = 1.75 V, Ep = 2.5 keV.
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heating. This justifies the choice of magnesium oxyde as a high stability substrate. No sulfur is
present on the sample after bombardment but a small sulfur segregation is observed when heating.
The sulfur contamination remains however weak ( than 6% on the surface).

The surface cleanliness of a sample can also be qualitatively studied by observing the low en-
ergy region of the Auger spectrum. As it is known that low energy Auger peaks are typical of the
very first atomic layers, the presence of the Pd peak at 39 eV in figure 7 proves the cleanliness
of the surface. Indeed, according to the Pons et al. model [13] and using the Seah and Dench
formula for the attenuation length [14], more than 80 % of the signal of the Pd N2,3N4,sN4,s tran-
sition comes from the two first atomic laycrs. The energy shift relative to the literature (44 eV)
is probably due to charging effects of the substrate. A palladium foil half-covered with silver was
used to determine a relative Auger yield (S). With a primary beam energy of 2.5 keV and a modu-
lation voltage of 2.7 V, S Ag (351-356 eV)/Pd (330 eV) = 1.14. This value corresponds to the value
given by Mathieu [15]. After sevcral ion-sputtcring and heating cycles, the silver and palladium
atomic concentrations remain constant for all the films studied. This demonstrates the good bulk
homogeneity of our films.

4. Conclusions.

Preparation of epitaxial films of palladium and silver-palladium alloys on MgO (100) faces proved
to be easy by glow dischargc sputtering. The epitaxial tempcrature is higher for films deposited
on MgO than for films deposited onto NaCl and increases with the palladium concentration. Ex-
cellent parallel orientations were obtained. The purity of films deposited on MgO is very good,
no significant surface contamination is observed by AES. The bulk composition of the alloy films
can easily be determined by ICP.
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