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ABSTRACT 
 

In this work, the properties of (Al-Si-Cu)-N thin films pre-
pared by D.C. Reactive Magnetron Sputtering were studied 
using different characterization techniques. The electrical 
properties of the obtained samples show that they are prom-
ising material in regard to the applications in microelec-
tronics devices. The high resistivity and FTIR characteris-
tics observed in the analyzed samples, indicate that the films 
are mostly consisted of Al-N bonds and that they are a 
prospective dielectric material. 

 
 

1. INTRODUCTION 
 

AlN thin films have been considered of great interest at var-
ious applications, such as piezoelectric material for high 
frequency integrated circuit devices such as surface acoustic 
wave (SAW) and film bulk acoustic resonators (FBARs) [1-
3]. AlN also has attractive applications at photonic and pho-
to-emitting devices. Nano-scale properties at the surface en-
able the films to exhibit photonics features [4]. AlN thin 
films can be prepared by several and different techniques 
including Chemical Vapor Deposition – CVD [5,6], arc 
plasma [7], and sputtering [8-10]. Among the mentioned 
techniques, sputtering deposition is the preferred technique 
to prepare polycrystalline AlN thin films on larger sub-
strates, due to the better c-axis growth enhancing the piezoe-
lectric performance in the films mentioned. In the present 
work, we report results of the physical properties of the (Al-
Si-Cu)-N thin films, deposited by DC-reactive magnetron 
sputtering, to explore this material at different applications 
for FBARs, SAW, optical and electronic devices. Initially, 
we reported the compositional analysis, at function of nitro-
gen fluxes, on deposited samples. Next of this, we show the 
relationship between the physical properties of thin films 
with the sputtering deposition parameters, such as, deposi-
tion power and reactive-gas flux, on deposited samples. We 
also have evaluated how the optical and morphological 
properties of these films influences the energy and shape of 
infrared absorption bands of polycrystalline (Al-Si-Cu)-N 
thin films. Next, we present electrical characteristics of 
films showing a metallic and semiconductor state depending 
of the deposition parameters. Additionally, surface and cross 

section images from samples were acquired to characteristic 
morphological and colunar structure of the thin films. Final-
ly, Roughness analysis of the films was studied in function 
of the deposition power. 

 
 

2.  EXPERIMENTAL PROCESS 
 

The (Al-Si-Cu)-N thin films were prepared on p-type Si 
(100) substrates in an argon (Ar) and nitrogen (N2) gas at-
mosphere using a d.c. reactive magnetron sputtering system, 
ULVAC MCH 9000. Silicon (20~25 Ω·cm) wafers were 
cleaned by standard RCA cleaning process and the used 
magnetron sputtering source has a composite AlSiCu 
(98.5%/1%/0.5%) target of 10-in. diameter and it was 
placed parallel to the substrate. Distance between them was 
55 mm. Prior to (Al-Si-Cu)-N film deposition, the sputtering 
chamber was evacuated to a pressure below 4.0×10−5 Pa and 
then high purity Ar (50 sccm) and N2 gas were introduced 
through independent mass flow controller in three deposi-
tion series (table 1). As the substrate was not heated, the 
substrate temperature increase was only dependent on self-
heating due to d.c. plasma. The chemical composition of the 
thin films was determined by a LV-SEM JSM 5900LV 
equipped with an electron dispersive x- ray (EDS, Noran 
Voyager). The energy of the incident electrons was 25 kV 
and the exposition time was usually 30 seconds. The films 
thickness was measured with a Dektak 6M stylus profilome-
ter and the chemical bonds of the obtained samples from 
several spectra determined by Fourier transform infrared 
spectroscopy (FTIR), which were carried out with a Digilab 
System,  in the wavelength range from 400 to 3500 cm-1 
with the resolution of 4 cm-1. The measurements were per-
formed using oblique incidence, which means that the elec-
tric field was not necessarily parallel to the sample surface. 
 

Table 1 - Sputtering conditions of (Al-Si-Cu)-N films 
Deposition series 1 2 3 
Power (KW) 0.5 – 4.5  1.0 – 5  3  
Flux (sccm) Ar: 50  

N2: 75  
Ar: 50  
N2: 260  

Ar: 50  
N2: 10-100  

 
The ellipsometry measurements of (Al-Si-Cu)-N films were 
carried out at room temperature, in the wavelength of 632.8 
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nm with a Rudolph/Auto EL 33.2.4C. Based on the obtained 
ellipsometry data, the refraction index “n” of the produced 
samples was determined using one-layer model. Electrical 
measuring was realized with four point method. The surface 
and cross sectional morphologies of obtained (Al-Si-Cu)-N 
films, analyzed by scanning electron microscopy using a 
FEG-SEM JSM 6330F. The surface roughness of some 
samples were obtained with an atomic force microscopy 
(AFM) (DI Nanoscope IIIa) operated in the tapping mode in 
ambient conditions. 
 
 
3. RESULTS AND DISCUSSION 
 
3.1. Compositional Analysis 

 
Fig. 1 shows the EDS results for the (Al-Si-Cu)-N thin films 
deposited at differents power (series 1). Aluminium and 
nitrogen composition increases on the thin films with the 
deposition power. Moreover, the graphic reveals the effect 
of deposition power at the nitrogen composition increasing 
on the thin film, even though N2 flux was kept constant at 
75 sccm. This observation was assumed as the influence of 
the adatom energy descomponing gas phase of N2. 
Consequently, the nitrogen concentration increases with the 
adatom energy atomic. Fig. 2 (Al-Si-Cu)-N  presents the 
thin films composition as a function of N2 flow (deposition 
series 3). At lower fluxes of 40sccm, nitrogen composition 
continously increases with the nitrogen flux. Different 
behavior is observed for the aluminum composition, which 
shows the instability, first increasing to a high level and then 
decreasing to a minimum level at the N2 flow of 20 sccm 
and 50 sccm, respectively. In this range, the films also are 
metallic. For higher fluxes above 40 sccm, the 
compositional behavior is more stable for both N and Al. It 
is observed that in this range of nitrogem flow, the nitrogem 
composition is higher than that of aluminum. In this 
conditions its knowed that AlN thin films showing 
semiconductor properties. Copper element was not founded 
in this experiment, and Silicon composition are not showed 
because our results involve mixture Silicon from thin film 
and substrate. 

 
3.2. Deposition rate 

 
Fig. 3 shows the dependence of the deposition rate of (Al-
Si-Cu)-N films, sputtered at several deposition power values 
(series 1 and 2). For all produced thin films, the deposition 
rate increases with the increase of applied power. For each 
series 1 and 2, such increasing of the deposition rate on the 
samples can be attributed to the increasing in the sputtering 
efficiency with the deposition power [11-13]. Furthermore, 
when the used deposition power is increased to the values 
higher than 2 KW, and at lower nitrogen flow (from series 1 
and series 2), the deposition rate becomes higher in compar-
ison to the samples obtained with high nitrogen flows (se-
ries 2). It means that at lower flows of reactive gas, the 
mean free path of the sputtered atoms is higher leading to a 
rapid deposition of the films. At applied power lower than 2 

KW, the observed deposition rate is low and similar for both 
cases of nitrogen flows (75 and 260 sccm). In these power 
conditions, the deposition rate keeps almost constant as the 
sputtered atoms rate is low enough. Fig. 4 shows the evolu-
tion of deposition rate under various nitrogen flow condi-
tions, at deposition power of 3 KW (series 3). The deposi-
tion rate decreases with the increasing of the nitrogen flows. 
However, two linear decreasing behaviors can be observed. 
Firstly, a rapid decreasing with the nitrogen flows occurs 
between 10 – 40 sccm, showing the deposition rate high 
sensitivity with nitrogen flow variations. Moreover, the 
samples deposited in this nitrogen flow range exhibited a 
metallic surface appearance. At nitrogen flows higher than 
40 sccm, the deposition rate shows a slow linear behavior to 
the reactive gas. Probably at higher nitrogen flows such as 
40 sccm, the argon ionization rate becomes controlled by 
reactive gas pressure decreasing the sputtering efficiency. In 
regard to the reproducibility of the deposited films, the re-
sults show that better stable deposition conditions for ob-
taining the (Al-Si-Cu)-N films are with nitrogen flows high-
er than 40 sccm. 

 

 
Figure 1 - Compositional behavior of elements deposited at dif-
ferent deposition power. Both Ar and N2  fluxes  were 50 sccm 

and 75 sccm, respectively. 
 
 

 
 

Figure 2 - Composition of elements present on the (Al-Si-Cu)-N 
thin films. Deposition power and Argon flux were 3 KW and 50 

sccm, respectively. 
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Figure 3 - Deposition rate of the (Al-Si-Cu)-N films at different 
power and at two nitrogen flow series. All films were deposited 
at 50 sccm Argon flow. In both series of samples, the influence 

of the power on deposition rate is observed, being more en-
hanced at lower nitrogen flows (75 sccm). 

 
 

 
Figure 4 - Deposition rate of the (Al-Si-Cu)-N films at different 
nitrogen flows. All films were deposited at 50 sccm Argon flow 
and at deposition power of 3 KW. Deflection point occurs at 40 
sccm of N2 flow and it shows two linear behavior of deposition 

rate, being the stable region between 40 – 100 sccm. 
 
 
3.3. Optical Properties 
 
Fig. 5 shows FTIR spectra of the films deposited at different 
powers using argon flows of 50 sccm and 75 sccm of nitro-
gen (series 1). At lower sputtering power the obtained (Al-
Si-Cu)-N films, not exhibited a well defined absorption 
peaks. The two peaks, one at wavelength approximately 678 
cm-1 and another at approximately 605 cm-1, can be attri-
buted to E1(TO) and A1(TO) modes of wurtzite AlN[ 
14,15]. Same behavior was observed at the series 2 too. In 
both series (1 and 2),  a strong absorption peak appears with 
the increase of deposition power. Moreover, a split peak 
profiles were found for the upper power of 2 KW. For sam-
ples of the series 2, two overlapping peaks were decom-
posed from the measured absorption spectra, assuming peak 
profiles as Lorentzian distribution to obtain their peak ener-
gy and integrated area. At high powers the films showed a 
more intense E1(TO) absorption peaks in relation to 
A1(TO). This effect on material bonding can be evaluated 

from their respective peaks area (a(E1) and a(A1)). Fig. 6 il-
lustrates the variation behavior of the absorption peak area 
for the fabricated samples and its correlation with the depo-
sition power. The deposition conditions of the analyzed 
samples were in accordance with the series 2. However, for 
both cases (series 1 and 2), the absorption peak at 678 cm-1 
increases more than that of the wavelength of 605 cm-1. But 
for the samples prepared at lower nitrogen flows (series 1), 
the relation a(E1)/a(A1) is higher than those observed for 
the films deposited at high nitrogen flows, indicating pres-
ence of more numbers of wurtzite modes at lower nitrogen 
flows. 
Fig. 7 shows FTIR absorption spectra of the films deposited 
with different flow rates Ar/N2 (samples of the series 3). 
FTIR peak was not observed in the film deposited under 
lower nitrogen flows. With increase of the nitrogen flow, 
higher than 42 sccm, the two peaks E1(TO) and A1(TO) 
appear . No significant Si-Cu, Al-Si, and Al-Cu components 
influence was found on the absorption bond of all films. 
Probably, because of little composition of sputtered-material 
in the target, such as Si(1%) and Cu(0.5%). 

 
 

 
Figure 5 - FTIR spectra of (Al-Si-Cu)-N films deposited under 

different power. The results show more defining absorption 
peaks in samples deposited at higher deposition powers. 

 
 

3.4. Electrical Resistivity 
 
The electrical resistivity of all samples was measured by the 
four-point probe method. Fig. 8 shows the resistivity beha-
vior of the samples as a function of the used nitrogen flows 
in their preparations. The transition from electrically con-
ductive to fully insulating films is clearly observed for the 
series of the samples deposited at 75 sccm of nitrogen (se-
ries 1). For the case of films deposited at 260 sccm of nitro-
gen (series 2), the measurements of the samples resistivity 
was not able to obtain, as their values were higher than the 
upper limit of the four-point equipment. The observed re-
sults indicate a high insulating properties of the produced 
films. 
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Figure 6 - Relationship between IR vibrational properties of 
(Al-Si-Cu)-N films and deposition power for the samples ob-

tained using two different nitrogen flows. a(E1)/a(A1) 
represents the ratio of integrated areas of the E1(TO) and 

A1(TO), respectively. 
 

 
Figure 7 - FTIR spectra measured in (Al-Si-Cu)-N thin films 

deposited in different nitrogen flows. Deposition power 3 KW, 
and Argon flow rate 50 sccm. At higher flows of N2 (>50 sccm), 
dashed curves show Lorentzian best-fit to the two experimental 

peaks at 605 and 678 cm-1, corresponding to A1(TO) and 
E1(TO) absorption bands, respectively. 

 

 
Figure 8 - Electrical resistivity measured in the samples depo-
sited at different flows of nitrogen. Deposition power of 3 KW 
and Argon flow of 50 sccm. For higher nitrogen flow (40 sccm) 
its worth to note that the resistivity behavior exhibit an abrupt 

increase in their values. 

3.5. Refraction Index 
 
Fig. 9 shows the refraction index of the thin films deposited 
with different powers according to series 1. Refraction in-
dex have a rapid increasing with the deposition power in the 
range of a dielectric material between 2.0-2.7. Since the re-
fraction index is related to film density [16], as well as its 
composition, one can consider as the best choice the range 
between 0.5 – 4.0 KW as a suitable deposition power. This 
deposition parameter has a thorough influence on the film 
density. Samples of the series 2 were not analyzed, since N2 
fluxes of this series are excessively higher than fluxes of the 
series 1. 
 

 
Figure 9 - Influence of the deposition power on the refraction 
index of (Al-Si-Cu)-N. Ar at 50 sccm and N2 at 75 sccm. Sam-
ples with better stable refraction index are found at deposition 

powers between 1-4KW. 
 
 
Fig. 10 shows the effect of N2 reactive gas flow on the re-
fraction index of (Al-Si-Cu)-N films deposited at 3 KW 
power (series 3). As the figure shows, between 1.2 – 2.2, the 
refraction index changes abruptly at nitrogen flow of 40 
sccm. This change can be attributed to transition of a ma-
terial metallic to dielectric material. 
 

 
Figure 10 - Influence of the nitrogen flux on the refraction index 
of (Al-Si-Cu)-N films. Deposition power was applied at 3.0 KW. 
The curve shows two ranges of refraction index values for two 

ranges of nitrogen flows. For nitrogen flows between 10-40 sccm, 
thin film samples showed a metallic surface. For higher nitrogen 

flows to 40 sccm, the samples showed a blue color surface. 
3.6. Morphology of the films 
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Some morphology of the deposited films is shown in Fig. 
11. Once can use the SEM-FEG images and the deposition 
rate of each sample, in order to obtain an empirical relation-
ship between grain size, mean free path, power, and flows. 
When the power increases from 1 KW to 5 KW, at 260 
sccm N2 flow and kept constant the Ar flow at 50 sccm (se-
ries 2), the grain size increases from 18.6 ± 2.4 to 43.7 nm ± 
5.6 nm. Whereas when the deposition power increases from 
1 to 4.5 KW, at 75 sccm N2 flow and 50 sccm Ar flow (se-
ries 1), the grain size increases from 14.8 ± 2.4 to 58.9 nm ± 
3.4 nm. Considering both series (1 and 2), when the N2 flow 
increases the surfaces of the films becomes rougher and 
with larger grain size, Fig. 11(a, c). Such morphological be-
havior, at increasing nitrogen flows, is caused by the reduc-
tion of mean free path of sputtered atoms that will impinge 
over the film surface during the deposition. On the other 
hands, in the films produced at higher deposition powers, 
we observe that grain size increases with the nitrogen flow 
diminishing Fig. 11(b, d). This effect of increasing on the 
grain size may be caused by the decreasing number of colli-
sions of the sputtered atoms, in the plasma, with the de-
creasing of the reactive gas [17]. In addition, Fig 12 shows a 
SEM-FEG image of the cross sectional structure of the (Al-
SI-Cu)-N film deposited at 4 KW. Argon and N2 flows were 
kept at 50 sccm and 75 sccm, respectively. From the initial 
stages of the deposition process, a randomly oriented co-
lumnar structure is evident within the (Al-Si-Cu)-N film. 
Over the structural part, the film exhibits uniformly colum-
nar type of structure. The columns width is about 40 mn. 
This result has direct relation with the morphological grain 
size of thin films. Finally, Fig. 13 shows the surface rough-
ness behavior of the films deposited of accord to the series 
1, from AFM data at different scan size. The AFM mea-
surements showed that the surface roughness (RMS) of the 
films from series 1 vary from 0.5 to 1.1 nm at the power 
range 0,5-5KW. As expected, roughness of the films in-
creases with the increases the deposition power. With this in 
mind and considering the grain size as a direct function of 
deposition power, that was observed from the SEM/FEG re-
sults, we can assume that during deposition, adatomic bias 
event was lower if we consider the roughness scale de our 
results.  
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 11 - SEM-FEG micrographs of the surface morphology 
of (Al-Si-Cu)-N films deposited at two flow series and at two 

power (a) 50 sccm Ar, 260 sccm N2, 1KW (b) 50 sccm Ar, 260 
sccm N2, 5KW (c) 50 sccm Ar, 75N2 , 1KW (d) 50 sccm Ar 75 N2 , 
4.5 KW. In cases with higher deposition power, the surface of the 
films was covered with abnormally grown large elongated grain. 
When the N2 flow increases, the surfaces of the films becomes 

rougher. 
 
 

4. CONCLUSIONS 
 
(Al-Si-Cu)-N films were sputter-reactive deposited on sili-
con substrates, at different conditions. The FTIR investiga-
tions in (Al-Si-Cu)-N films, show that Al-N bonds are 
strengthened by the increasing of nitrogen flow. Similar re-
sults are founded by the increasing the deposition power. 
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Furthermore, absorption peaks related to the others bonding 
of film material were not founded. When nitrogen flow in-
creases, the surface morphology of the films becomes 
rougher. The nitrogen concentrations hardly affect the re-
fraction index of the films. From the FTIR results and depo-
sition rate it is evident the existence of an inflection point in 
the deposition rate values defining a range of nitrogen flow 
to deposit nitride films and another to deposit metallic films. 
The inflection point occurs at a critical flux 40 sccm of ni-
trogen reactive gas. 
 

 
 
Figure 12 - The surface cross sectional SEM-FEG image of (Al-

Si-Cu)-N film, deposited at 4 KW deposition power. Flows 
were applied at 50 sccm and 75sccm for argon and nitrogen re-

spectively. All films are extremely dense with no discernible 
structural features or defects. 

 
Figure 13 - Roughness versus deposition power. Samples depo-

sited in accordance to series 1. 
 

 
Since the examination with SEM-FEG did not give any in-
dication that the thin films might be porous, we consider the 
assumption piezoelectric properties to be valid even for 
poorly textured (Al-Si-Cu)-N films. Thus, polycrystalline 
(Al-Si-Cu)-N thin films sputtered on silicon substrates are 

well suited for the use as actuator layers in micromechanical 
systems. 
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