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Abstract  

Cr3C2 films on (100) Silicon substrate have been grown by Radio Frequency magnetron sputtering at 0 and - 60 

V bias for stress relaxation determination using surface Brillouin scattering. A RF power of 175 W and Ar2 

working gas pressure of 5 ×10
-3 

mbar produced an etch and deposition rate of 16nm/s and 0.16nm/s as 

determined by Scanning Electron Microscope and Surface profilometry, respectively. Surface Brillouin studies 

on the -60V biased and unbiased thin films show high frequency Sezawa modes indicative of high film quality. 

Surface Brillouin Scattering measurements on the -60 V thin Cr3C2 films and those grown at 0V have shown an 

increase in sound velocity which is indicative of change in elastic constants. The dispersion curves indicate 

modulation in the elastic constants due to residual stress amplification upon biasing. The elastic constants will 

be extracted and correlated to the induced residual stress.  
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1. Introduction 

Residual stress in deposited thin films poses potential problems in a variety of applications. 

In thin film memory shape alloys residual stress affects not only film-substrate adhesion but 

also the deformation of micro-electro-mechanical systems (MEMS) structure, mechanics and 

thermodynamics of displacive transformation [1]. Therefore large residual stresses could lead 

to either film fracture or cracking or even delamination over the entire substrate. The nature 

of deposition conditions can determine the composition and lead to important consequences 

in the development of residual stress. Three types of residual stress are identified for the film 

substrate system; of interest in this article is the intrinsic stress which is determined by the 

deposition conditions. The prime parameters that determine intrinsic stress are substrate bias 

and substrate temperature and can be used to cure intrinsic stress in thin films. There is great 

interest to understand the mechanism of residual stress evolution as well as its relaxation. 

Stress evolution and relaxation has been studied by several researchers using a variety of 

techniques such as the wafer curvature, x-ray and neutron diffraction [2-3]. Studies by Elstner 

et al. on TiN using XRD have shown that low temperature deposition lead to lattice distortion 

(interstitial defects in the lattice). However annealing at higher temperatures initiates point 
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defects diffusion thereby relaxing the lattice completely [4]. Further work by Karlsson et al 

has shown that residual stress reduces the hardness of TiCNx films due to dislocation 

movement [5]. By tailoring film composition and substrate bias an effective decrease in 

residual stresses in thin films nitrides and carbides is likely to arise. That residual stress 

affects the wear resistance of cutting tools cannot be under stated and from an application 

point of view, the understanding of the mechanisms of stress evolution and relaxation using 

microscopic approaches is required. One key method which to the best of our knowledge has 

not been used before is surface Brillouin scattering. Brillouin light scattering (BLS) is a 

profoundly used technique in the determination of elastic properties of bulk materials from 

the frequency shift of inelastically scattered light by acoustic phonons [6]. The increased 

measurement sensitivity has extended its scope in the extraction of the elastic properties of 

thin films, multilayer film systems and superlattices [7, 8]. In comparison to other 

complementary methods such as ultrasonic surface acoustic wave spectroscopy (SAWS) 

which require thicker samples (t>0.5mm), Surface Brillouin Scattering technique is optimal 

for thin films with thickness requirement lower than or comparable to the wavelength of light 

[9]. The determination of all or at least several independent elements of the elastic tensor 

even for non-isotropic films can be achieved with this technique thereby demonstrating it 

superiority over other methods such as SAWS or inelastic molecular beam scattering (IMBS) 

[10]. In this work surface Brillouin scattering has been used to show stress evolution on in 

situ Ar
+
 bombarded Cr3C2 thin films. This work presents the first proof of concept on stress 

evolution in thin film using surface phonon velocity distribution profiles of biased and 

unbiased thin films. The thin films were grown using RF magnetron sputtering using a 

stoichiometric target of Cr3C2 under 0V and -60 substrate bias. 

 

2. Experimental  

 

2.1 Thin film growth and characterization of Cr3C2 thin films 

Cr3C2 films have been grown by RF magnetron sputtering from a 76mm polycrystalline 

stoichiometric Cr3C2 target using pure argon gas at a working gas pressure of 5.0 x 10
-3

 mbar. 

The base pressure of the chamber was 6.0 x10
-7

 mbar and the target-substrate distance 

determined to 6.0cm. The substrate was biased by a DC voltage source (-60V) for extraction 

of Argon ions from the plasma to etch and increase stress in the film through insitu Argon ion 

bombardment. Etching was performed using a substrate bias of -300V for 5 mins to enhance 

film substrate adhesion through the removal of the native silicon dioxide and remove carbon 

and oxygen adsorbates. The argon ion energy for substrate etching was determined to 340 eV 

and it obtained by summing the plasma potential (35eV) and the bias potential. The sputter 

rate was determined using Scanning electron microscope to be 16nm/sec. 
 

2.2 Surface Brillouin scattering  

The experimental setup used in this work has been described in detail elsewhere [11] and in 

this section a brief description is presented.  A Coherent Ar
+
 Laser produce polarized TM 

mode at 488 nm which was focused onto the sample by an f/2.3 (120mm) lens. The 

backscattered light was collected and collimated by the lens to fall onto the surface of an 

elliptical mirror. A second lens was used to focus the backscattered light onto the aperture of 

the Interferometer using a series of two parallel walking mirrors. To ensure high contrast and 



 

 

high resolution a 3+3 pass Tandem Fabri Perot Interferometer was used. The laser power 

selected for each run was 400mW and the measurement was carried out between 30-71 
incidence angle and for film thickness varying between 100-600nm. To determine the phase 

velocity of the acoustic excitations, the energy and wave vector conservation in the surface 

Brillouin scattering process due to acoustic excitation with surface wave vector qII and 

angular frequency  was considered according to the expressions; qII=2ki sini and = / qII  

= iΔf / 2sini ,where v is the phase velocity of the surface excitation and Δf the frequency 
shift of the scattered light. 

 

3.0 Results and Discussions 

 

3.1 Film growth and substrate etch 

Figure 1 presents the theoretical prediction of the response contour plot demonstrating the 

variation of the sputter etch currents as a function of substrate bias and etching time.  

 

 

Figure 1. Variation of ion current with the negative substrate bias and deposition time 

An approximately 4.0µA ion current is maintained with a substrate bias of -300V and this 

was the potential selected for etching to ensure uniformity in the etched surface.  

Figure 2 represents the SEM cross-section of a Si (100) substrate etched at room temperature 

to remove the native layer of the silicon oxide and thereby enhance the surface adhesion. The 

substrate was biased at -300V and a sputter power of 40W was applied to excite a discharge 

of Ar plasma with insufficient energy (~140eV) to deposit thin films on the substrate.  

The ion current used for the etch process was determined to 12.1µA/cm
2
. The SEM diagram 

shows that approximately 5µm of the Si substrate was removed by Ar ions with energies in 

excess of 340 eV. A sputter etch rate of 16nm/s was considered adequate for all the films that 

were deposited.  

 

 

 



 

 

 

 

 

 

 

 

 

 

                             Figure 2.     Cross section of the Scanning electron Microscope on an etched Si(100) to  

                                                 enhance surface adhesion of the Cr3C2 film. 

 

3.2 Surface Brillouin Scattering  

Figure 3, shows the surface Brillouin spectrum of a 422nm film of Cr3C2 grown on a (100) 

single crystal Si. The measurement has been performed on 180 backscattering with the 

resulting free spectral range of 60Hz. The surface excitations in the spectra can be grouped 

into two according to their phase velocity, the first peak represents the Rayleigh wave (RW) 

of phase velocity 7500 m/s which is lower than the transverse bulk phonon velocity of Cr3C2 

propagating parallel to the surface (8500m/s). This is the anti-symmetric mode which has 

been modified by the presence of the substrate [11]. The second peak extending above the 

transverse velocity vT = 5640m/s of the slowest transverse phonon of Si is the Sezawa wave 

and it is degenerate with the travelling modes of the substrate. These film guided modes are 

symmetric and have displacement fields extending throughout the layer. They also represent 

the slowest waves propagating in the Cr3C2 film. 

 

Figure 3. Surface Brillouin spectrum of a 422nm thin film on (100) Si. 

-40 -20 0 20 40

10
3

10
4

Sezawa modes

Rayleigh (SAW)

 

 

In
te

n
s
it

y
 (

c
p

s
)

frequency shift (GHz)



 

 

The modes with broad structure belong to the continuous spectrum of the substrate and 

extend between 9000m/s and 14000m/s and are degenerate with the acoustic bulk phonon of 

the Si substrate. 

Figure 4 shows the velocity dispersion curves of films measured at incidence angles varying 

between 30 and 75. These films have been grown at a sputter of 175W with a target bias of 

247V. In the figure the red data points represent films that have been grown under -60V 

substrate bias while the black data points represent films grown at zero bias. The ion current 

in the presence of sputter bias has been determined to 34.6A/cm
2
 indicating the incorporation 

of Ar ions in the film during growth. It is noted that the higher fluence comparable to that of 

the etching conditions does not lead to re-sputtering of the film as the ion energy is 

insufficiently (100 eV).  

1.0 1.5 2.0 2.5 3.0 3.5

4x10
3

5x10
3

6x10
3

7x10
3

8x10
3

9x10
3

1x10
4

1x10
4

1x10
4

1x10
4

1x10
4

 

 

v
e
lo

c
it

y
 s

h
if

t 
(m

/s
)

q
II
d (Ghz)

 60V

 0V

 

Figure 4. Velocity dispersion curves of Cr3C2 thin films under a zero and -60V substrate bias. 

 

The increase in the phase velocities upon substrate biasing is attributed to the In situ Ar 
+
 

incorporation and defect formation in the film leading to the increase in intrinsic stress within 

the film. That the phase velocity is correlated to the elastic constant shows that the increase in 

phase velocity is due to stiffen in the thin film due to stress build up. This result therefore 

presents the first evidence of measuring stress with surface Brillouin scattering. The direct 

correlation between the elastic constants and stress is yet to be established.      

4.0 Conclusion 

The presence of high frequency resonance Sezawa modes shows that high quality thin films 

of Cr3C2 have been grown using RF magnetron sputtering for surface Brillouin scattering 

experiments. It is seen that etching with a large substrate bias is an efficient cleaning process 

to enhance substrate adhesion without degrading the quality of the deposited film. Further our 



 

 

results have shown that biasing at lower potential (≤60V) does not lead to re-sputtering but it 

however increases the stress in the film due to the modulation of the sound velocities of the 

biased films. This work has therefore shown that the surface Brillouin scattering is a sensitive 

technique to the determination of stress evolution.  
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