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The heteroepitaxial growth of TiN on MgO(001), deposited by reactive magnetron sputtering, has been
studied in situ. Using real-time specular X-ray reflectivity, layer-by-layer growth was observed, with the
surface-roughening decreasing with increasing deposition temperature. Higher temperatures also resulted in
lower growth rates. The film thickness was measured with specular X-ray reflectivity. Using off-plane
Bragg-Brentano as well as grazing incidence in-plane wide angle scattering, the pseudomorphic growth of
TiN to the underlying MgO(001) was established. Transmission electron microscopy revealed atomic planes
passing through the MgO–TiN boundary, thus confirming the heteroepitaxial growth. To the best of our
knowledge, this is the first report [1] on real-time measurements of the surface morphology on an atomic
scale during the growth of a film deposited by magnetron sputtering.
EXPERIMENTAL
The deposition chamber (together with the detailed scattering geometry and the quality of the data,
like intensity, resolution, background, which can be obtained with the set-up) is described in detail in Ref. 2.
The magnetrons, commercially available from AJA International, are placed at a distance of 100 mm from
the substrates and tilted 30 degrees away from the substrate normal. To avoid cross contamination of the two
targets, each with a diameter of 1 inch, chimneys are mounted on the magnetrons. Air-pressure-controlled
shutters are placed in front of the chimneys. The base pressure was appr. 2x10-5 Pa. The reactive sputter
gas was a mixture of Ar (99.9996%) and N2 (99.99990%) with the ratio 4:1, at a total gas pressure of 0.3 Pa.
Only one magnetron was used at the time. It was run at a dc power of 80 W, resulting in a deposition rate of
appr. 0.65 Å/s. The substrates were 1.5 x 1.5 cm2 MgO(001) single crystals with a thickness of 1 mm. A
resistive heater was mounted below the substrate so the temperature could be varied from room temperature
up to 600 0C. The temperature was measured by use of a thermocouple. A negative bias voltage of 30 V was
applied to the substrate. Before depositing TiN, the surface of the substrate was cleaned/annealed by heating
it to 600 0C for 1 h.
The deposition chamber was mounted on the six-circle goniometer in MRH. The incident x-rays
were monochromatized to 11.696 keV (λ
λ = 1.060 Å). To study the growth of TiN films in situ, four
different scattering geometries were used:

normalized intensity (cps)

1. Vertical Bragg-Brentano large-angle scattering (XRD) revealing the texture. In addition, from the
exact positions of the Bragg peaks, information on the out-of-plane lattice strain, and from their
2500
widths and shapes, out-of-plane grain sizes and microstrain (lattice defects) are obtained.
2. Grazing incidence and grazing
T = 350 °Cexit in-plane large-angle scattering (GIXS). With an incident angle
0
sputter
of 0.2 , the calculated penetration
depth of the x-rays was about 100 Å, assuming a mass density of
2000
problems
TiN of 5.43 g/cm3. Crystallographic planes perpendicular to the surface are identified and, from the
positions and widths of the Bragg peaks, in-plane lattice parameters (strain), grain sizes and
1500
microstrain are calculated.
T = 250 °C
3. Low-angle specular reflectivity with information on film thickness and surface roughness.
4. Large-angle specular reflectivity to measure the crystal truncation rod (CTR) intensity in real time
1000
during film growth. The sample and detector were fixed at θ/2θ = 3.5960/7.192°, resp. The intensity
T = 150 °C
was recorded in intervals of 1 second starting 5 to 55 seconds before the shutter of the magnetron
was opened and the deposition began (comp. Fig. 1). The first three scattering geometries, on the
500
contrary, were applied after
T = growth.
50 °C
<

By0 using a Philips CM300 transmission electron microscope, cross-sectional electron micrographs
200 The 300
were obtained 0(comp.100Fig. 2).
samples were cut perpendicular to the film surface and grinded
sputter
time
(s)
mechanically. The final thinning was made by ion beam milling using Ar ions.

Fig. 1 (left: Oscillations in CTR intensity) and Fig. 2 (right: high resolution TEM micrograph from a 360
Å TiN film grown at 250 0C) are examples of the obtained data.

SUMMARY:
Using reactive magnetron sputtering, we studied the heteroepitaxial growth of seven TiN films
deposited at different substrate temperatures: 50 0C, 150 0C, 250 0C, three films at 350 0C, and 450 0C, resp.
XRD, GIXS and TEM measurements revealed that the TiN(001) films are pseudomorphic to the underlying
MgO(001) substrates, whereby the films experience a compressive stress. Based on thickness measurements
carried out using specular X-ray reflectivity, it was found that the growth rate decreased with increasing
temperature. Measurements of the CTR intensity versus time showed oscillations which revealed that the
TiN films grew in the layer-by-layer mode. The surface roughened faster during growth at lower
temperatures. To the best of our knowledge, this is the first real-time measurements of the growth mode of a
film deposited by magnetron sputtering.
[1]
[2]

J. Bøttiger , N. Schell, J. Chevallier, W. Matz, J.H. Petersen, and A. Mücklich. Submitted to J. Appl. Phys.
W. Matz, N. Schell, W. Neumann, J. Bøttiger, and J. Chevallier, Rev. Sci. Instrum. 72, 3344 (2001).

