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Abstract. Ultra thin platinum films were grown by dc magnetron sputtering on thermally
oxidized Si (100) substrates. The electrical resistance of the films was monitored in-situ during
growth. The coalescence thickness was determined for various growth temperatures and found
to increase from 1.3 nm for films grown at room temperature to 1.8 nm for films grown at
250◦ C, while a continuous film was formed at a thickness of 3.9 nm at room temperature and
3.5 nm at 250◦ C. The electrical resistivity increases with increased growth temperature, as well
as the morphological grain size, and the surface roughness, measured with a scanning tunneling
microscope (STM).

1. Introduction
Ultra thin films are an essential part of modern technology such as in device interconnects in
microelectronics [1]. As the dimensions of a conductor approach the mean free path of the
conducting electrons, size effects limit the electrical conductivity. The electrical resistivity of
thin conducting films influences device operating frequency, current, and Joule heating of the
device, which in turn can cause electromigration [2]. The reduced electrical conductivity can
be attributed to scattering of conduction electrons at the surface of the conducting film [3],
interface roughness [4] and grain boundaries [5].
Most metals do not wet insulating surfaces such as glass or silicon [6]. When sufficiently thin,
a metal film consists of small isolated islands, which, as more material is deposited, grow and
coalesce into larger, but still isolated islands. As growth continues further, these islands coalesce
into near equilibrium compact shapes which further develop into a continuous film [7].
In microelectronics, platinum (Pt) is the material of choice for metallic components that are
to withstand oxidation. Xu et al. [8] have suggested a two-dimensional growth mechanism for
Pt thin films on an a-C surface since the fractional substrate coverage scales linearly with the
film thickness. Furthermore, using transmission electron microscopy (TEM) they find that Pt
coalesces at 1.0 nm and fully covers the substrate at 4.0 nm thickness. The electrical resistance
c 2008 IOP Publishing Ltd
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of Pt thin films has been monitored in-situ during growth by argon ion–beam sputtering (IBS)
[9, 10] and filtered cathodic arc [11]. The morphological and crystallographical grain sizes of Pt
films grown by filtered cathodic arc have been investigated by scanning tunneling microscopy
(STM) and X-ray diffractometry (XRD) [12]. The crystallographic grain sizes are the grain
dimensions embedded in the bulk of the film while the morphological grain sizes are the grain
dimensions exposed on the film surface.
Here, we explore the initial growth and subsequent thickness development of Pt thin films
grown by dc magnetron sputtering on thermally oxidized silicon (SiO2 ). We measure the
electrical resistance of the films in–situ during growth at three different growth temperatures
and investigate the morphological and crystallographical grain sizes.
2. Experimental apparatus
The Pt thin films were grown in a custom built magnetron sputtering chamber. A turbo
molecular pump was used to evacuate the system to 1 × 10−8 Torr. The sputtering gas was
argon of 99.999% purity and pressure 0.4 mTorr. The Pt target was 50 mm in diameter and of
99.99% purity. The applied power was set to 20 W resulting in a growth rate of 0.025 nm/s. The
growth rate was determined by low–angle X–ray reflection measurements with a copper tube
(CuKα, wavelength 0.15406 nm) and angular resolution of 0.005◦ . The crystallographic grain
size was determined using X-ray diffractometry and the Scherrer equation [13].
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Figure 1. A schematic of the sample holder.
An SiO2 substrate, with two Pt contact pads,
was placed on top of the sample holder.
Two electrical probes were connected to each
contact pad.

10 MΩ

50 Ω

Figure 2. The dual lock–in amplifier setup
used to measure the electrical resistance of the
growing films in–situ. The setup is a standard
four point probe measurement.

The substrate is thermally oxidized Si (100) with an oxide thickness of 500 nm. Pt contact
pads of size 8.5 mm × 2.8 mm and a thickness greater than 70 nm were formed by optical
lithography, dc magnetron sputtering, and a lift-off. The contact pads are separated by 8.5
mm × 3.0 mm uncoated SiO2 area. The substrate holder is made from Macor ceramic to
electrically isolate the four probe tips from each other and from the sample stage. A shadow
mask confines the growth to a rectangular area as illustrated in figure 1. The electrical resistance
of the growing film was measured with a simplified version of the dual lock-in amplifier setup
described by Barnat et al. [14], shown in figure 2. The setup is a standard four point probe
electrical resistance measurement, based on measuring both the voltage over the film, directly,
and the current passing through the film, indirectly, by monitoring the voltage over a 50 Ω
resistor in series with the film, thus eliminating the effect of contact resistance. A function
generator (Tabor 8021) was used to generate a 600 mV rms sinusoidal signal at 417 Hz. The
2
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electrical resistance measured in-situ for films grown at three different temperatures. Four films
grown to different thicknesses at room temperature were investigated further. Immediately after
growth the samples were heated from room temperature up to approximately 450◦ C at a rate
of 1◦ C/min while their resistance was monitored.
The morphological grain size and surface roughness were measured ex-situ with a scanning
tunneling microscope (STM) with an etched tungsten tip. The custom made STM is described
elsewhere [15].
3. Results and discussion
Figure 3 shows the electrical resistance R as a function of nominal film thickness d measured
in–situ during growth at three different temperatures. Initially the film is discontinuous as
indicated by the high resistance. A coalescence threshold is defined as the thickness where the
first conducting link forms across the surface [9]. The electrical resistance decreases rapidly as
the film starts coalescing. This occurs at thicknesses of 1.3 nm, 1.6 nm, and 1.8 nm for the films
grown at 27, 100, and 250◦ C, respectively. The minimum of the calculated curve Rd2 , gives
the minimum thickness of a continuous film [9, 10]. This occurs at 3.9 nm, 3.4 nm, and 3.5 nm
for the films grown at 27, 100, and 250◦ C, respectively. In comparison, Maaroof et al. [10] find
the minimum thickness of Pt films which completely cover the substrate to be 2.30 nm for films
grown at 27 – 200◦ C and 0.35 nm for films grown at 300◦ C and the coalescence thickness to be
0.83 nm, 0.67 nm, and 0.61 nm for films grown at 27, 100, and 200◦ C, respectively.
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Figure 4. The normalized film electrical
resistance R/RRT versus temperature for a
film grown at room temperature.
The
symbols correspond to the symbols marking
thickness and resistance shown in figure 3.

Figure 3. The electrical resistance, R, as a
function of Pt film thickness, d, measured in–
situ during growth, for three different growth
temperatures.

As the film thickness increases, its electrical resistance decreases until the room temperature
resistivity reaches values close to 3.5 × ρ0 , 4.6 × ρ0 , and 5.0 × ρ0 for the films grown at 27, 100,
and 250◦ C, respectively. The bulk resistivity of Pt is ρ0 = 10.6 µΩ cm at room temperature.
Higher growth temperature results in higher film resistance. The symbols on the 27◦ C curve in
figure 3 indicate the resistance and film thicknesses values chosen to investigate the resistance
dependence on temperature in figure 4. The thinnest films show the characteristic behavior of
thermally induced conductance: decreased resistance with increased temperature as expected in
insulating materials. As the films become thicker the thermally induced conductance is masked
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Figure 5. STM images of the surface of 85 nm thick Pt films grown on SiO2 at (a) 27◦ C, (b)
100◦ C, and (c) 250◦ C, respectively.
by metallic conductance. The resistance of the thickest film indicates metallic conduction, that
is increased resistance with increased temperature.
Figure 5 shows STM images of the surface of 85 nm thick Pt films grown at three different
temperatures. The morphological grain size of these films was evaluated 21, 24, and 52 nm and
the RMS surface roughness was estimated 1.6, 1.8, and 2.7 nm for the films grown at 27, 100,
and 250◦ C, respectively. The crystallographical grain size for 85 nm thick films was determined
30, 33, and 40 nm for the films grown at 27, 100, and 250◦ C, respectively.
4. Conclusion
The electrical resistivity of ultra thin Pt films was explored during growth. Higher growth
temperature leads to increased film resistivity. This could be partially related to increased
surface roughness with increased growth temperature. However, the morphological grain size
and the crystallographical grain size increase with increased growth temperature, which should
result in lower electrical resistivity.
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