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Abstract

Ruthenium (Ru) films on rolling-assisted biaxially textured Ni substrates (RABITs) were deposited by liquid source chemical vapor deposi-
tion using bis-(ethykr-cyclopentadienyl)ruthenium (Ru§BlsCsH,),). The thermal decomposition process of the precursor was investigated
by Fourier transform infrared spectroscopy (FTIR), mass spectroscopy, and differential scanning calorimetry/thermogravimetric analyses
(DSCITGA). The crystalline structure and resistivity of Ru thin films were investigated. The Ru films were polycrystalline and had a grainy
structure. Although the thermal decomposition of the precursor required a sufficient amount of oxygen, the experimental results showed tha
up to a certain concentration of oxygen (i.e/& ~ 30/10), Ru metal film was deposited without any detectable Ropurities. A higher
deposition temperature and a higher ratio @fAD will be beneficial to the growth of (00 2) orientation. They showed a low resistivity of
about 10-2Q.2 cm, which is sufficiently low for them to be used as a buffer layer in superconductor tapes or electrode materials in dielectric
capacitors.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction (DRAM). Metallic Ru films on Si and Si@ISi substrates
were prepared by metallorganic chemical vapor deposition
Ruthenium is one of the most promising candidate elec- (CVD) using a new precursor named®benzene){*-
trode materials for some dielectric capacitfirs3]. Ru and 1,3-cyclohexadiene)ruthenium (Rufds)(CeHsg)) in Ar
RuG; thin films have been receiving much attention because atmosphere. The Ru films contained hydrogen that originated
of their good conductivity, low temperature coefficient of in the hydrogen atoms in the precursor and was involved in
resistance (TCR), and high thermal stabi[#}. Therefore, the CVD process due to the catalytic effect of ruthenium on
they have been investigated for many applications such ashydrocarbon and hydrogdB]. The thermal decomposition
diffusion barriers for oxygei5,6], thin film resistors, and  of the precursor, bis-(ethy-cyclopentadienyl)ruthenium
electrode materials for ferroelectric oxidgs8]. Recently, (Ru(GHsCsHa)2), required a sufficient amount of oxygen
there has been increasing interest in the deposition of metal-up to a certain concentration of oxygen. Ru films were
lic Ru films as well as in the study of Ry@Im because Ru  deposited without any detectable Ruithpurities[10]. The
film can be used as an adhesion layer for a diffusion barrier key issue of the liquid delivery technique depends on the
as well as an electrode for dynamic random access memorystable vaporization of the source in the vaporizer. In order to
solve problems such as decomposition and the instability of

* Corresponding author. Tel.: +852 27764616: fax: +852 23337629, Lh€ SUPPy, the precursor was dissolved into tetrahydrofuran
E-mail addresstianhuyong@hotmail.com (H.-Y. Tian). (C4Hg, THF) solven{11].
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Recently, many studies have demonstrated that sharply bi-Table 1 N o _
axially textured nickel could be produced in |0ng Iengths by Deposition conditions of Ru thin films on Ni substrate by MOCVD

thermo-mechanical processing technig[ies-14] To date, Precursor Ru(EtCp)
some researchers have focused their investigations on propepubbler temperature C) 120
buffer layers, as it is well known that proper buffer layers (FiZfricé':’gagsa;r@ﬂfg\)/:l”r;?;eésccc?nn;) Ozgfloo
are critical to formation of epitaxially oxide buffer layers g pstrate Ni(200)
on the rolling-assisted biaxially textured Ni substrates (RA- Line temperature’C) 120
BiTs) surface that are mechanically robust and chemically Deposition temperatureé ¢) 300-500
inert with respect to both the substrate and the high temper-Peposition pressure (Torr) 0.02-0.2
Deposition time (min) 30

ature superconductor (HTS) films.

It is important to utilize any of these buffer layers de-
position techniques to prevent unfavorably oriented NiO on
the Ni surface. Ru or Rufthin films as an electrode ma-
terial, as mentioned above, have drawn attention because o

their good conductivity as well as excellent barrier proper- with Cu Ko radiation and a four-point probe, respectively.

ties against oxygen d|ﬁgS|o[t5,6,15} _However, few studies The thickness of the film and surface morphology were
about pure metal ruthenium deposition have been reported so : . ;

. observed by cross-sectional scanning electron microscopy
far, because the precursors involve oxygen atom or oxygen

. . . SEM) and atomic force microscopy (AFM). Auger electron
gas as areaction to assist the deposition of the precursor. Th .
. o . Spectroscopy (AES) was also used to measure the relative
purpose of the present work is to obtain information about

; . atomic concentration to confirm the variations in composi-
the mechanism of the thermal decomposition of the precursor . . . : .
. . o - tion and surface electronic state, using a Perkin-Elmer phi
and to determine the optimum conditions for obtaining pure 400 scanning Auger microprobe
metal Ru films without NiO formation by oxidizing the sub- '
strate in the presence of oxygen. In this work, we investigated
the microstucture and relationship between processing con-3. Results and discussion
ditions and properties for the Ru thin film layer as a promising
buffer layer for HTS applications and electrode materials in ~ Fig. 1shows the TGA results analyzed under &d Ar
memory devices. atmosphere. The precursor began to lose weight ned€ 80
regardless of the atmosphere, and the precursor decomposed
at 200°C under Q atmosphere. This also demonstrates that
2. Experimental procedure the weight loss, at 6.3%, results from the endothermic pro-
cessing between 100 and 20D. No more weight loss oc-

In this experiment, bis-(ethyk-cyclopentadienyl)ruth- ~ curred above 200C. This shows the Ru source should be
enium was used as the precursor, which is yellow liquid completely decomposed. There are no obvious changes for
at room temperature. Tetrahydrofuran was used as thethe Ru source under different atmospheres, even after it has
solvent to dissolve the precursor. The molar concentration been stored for 3 months. The thermal analysis with time
of the solution was maintained at 0.1 M. The decomposition Was carried out using differential scanning calorimetry in
temperatures were determined by thermal analyses, suct?200sccm oxygen or argon. The Ru source was heated up
as differential scanning calorimetry (DSC) (Mac. Science to 300°C and cooled down to room temperature at a rate of
DSC-3110) and a thermogravimetric analysis (TGA), com-
bined with mass spectroscopy and Fourier transform infrared
spectroscopy (FTIR) measurements. Biaxially textured Ni 100
substrates were obtained from randomly oriented high-purity
(99.9%) Ni sheets, which were first mechanically deformed 80
by rolling and then were made into Ni tapes of 8@ in
thickness and 10 mm in width. Ni tapes were annealed in a
vacuum chamber at 80C, the mixed gases ofH{10%) and
Ar (90%) were flown into the chamber and the base pressure
was kept to around 100 mTorr. The velocity of the Ni tapes
was kept to about 1cmmit. The MOCVD apparatus
consisted of a vertical warm-wall reactor and a resistive sub- B
strate heater. The experimental conditions are summarized in 5 4 I R S S
Table 1 All of the lines to the reactor were heated to 220 30 100 _re]:]?;;ra[ure (né")" 230 300
to prevent the vaporized precursor from condensing in tran-
sit. After repeated deposition runs, the lines and vaporizerseig. 1. TGA curves of the precursor under oxygen and argon. The inset
were free of residues or deposits, which ensured excellentshows the weight loss (%) as temperatures increase.

repeatability of the depositions. A film phase analysis
Fmd resistivity measurements were performed by X-ray
diffraction (XRD) using a Rigaku D/Max-B diffractometer

As-recieved

Weight (%)
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