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Abstract: AlN is a piezoelectric material suitable for high temperature dynamic pressure sensing 

applications. Its piezoelectric coefficient purely depends on its crystal structure and growth 

direction. Highly c-axis (002) orientation exhibits high piezoelectric coefficient. Deposition of 

highly (002) oriented AlN thin film poses a challenge since such a growth depends on multiple 

process parameters and substrate material. In this work, AlN thin film was deposited using 

reactive radio frequency (RF) magnetron sputtering to correlate the gas flow rate and crystal 

orientation. AlN deposition was carried out on Si (100) substrate with and without 220 nm Al 

buffer layer under different Ar/N2 gas flow ratio. The samples were analyzed through X-ray 

diffraction technique. Results indicated that for the optimized value of 1:1 Ar/N2, (002) AlN 

intensity at its maximum for both AlN/Si and AlN/Al/Si samples. It is also observed that the use 

of 220 nm Al buffer layer on Si substrate enhanced the (002) intensity compared to AlN/Si. 
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1. Introduction 

In the field of nano and micro electromechanical devices and system, Aluminum Nitride 

(AlN) is drawing importance due to its place in group III-nitride materials. Because of its 

compatibility to standard CMOS processes, chemical stability and piezoelectric property, AlN is 

commonly used in sensors and actuators as active layer [1-3]. Especially for high temperature 

piezoelectric pressure sensing applications, AlN turns to be a suitable material due to its superior 

thermal properties compared to other piezoelectric materials like PZT and ZnO.  But to 

enhance the piezoelectric coefficient of AlN, one need to achieve highly c-axis oriented AlN 
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since its piezoelectric property rely on its crystal structure i.e., Hexagonal Wurtzite with high 

(002) or c-axis orientation [4]. There are various techniques to develop AlN thin films, of which 

reactive RF magnetron sputtering is the most commonly used method due to its easy process 

control and low deposition temperature. Many reported the impact of sputtering parameters like 

temperature, power, gas flow working pressure etc., on AlN growth orientation [4]. Among those, 

varying the Ar and N2 flow ratio is a simple but effective way to influence the AlN growth. Cheng 

et al. [5] and Kar et al. [6] specifically studied the influence of N2 concentration on AlN growth 

orientation. Both of them have grown AlN on Si (100) substrates and reported that (002) 

orientation has been enhanced with increase in N2 concentration. Liu et al. [7] also reported the 

strong influence of the N2 concentration on AlN film but differed with the end result as they 

observed decrease in FWHM of the (002) amplitude with decrease in nitrogen concentration. 

Here, AlN deposition was carried out on Si (100) substrates with and without Al buffer layer, 

controlling the Ar to N2 ratio. X-ray diffraction study was performed to investigate the growth 

orientation of AlN. 

 

2. Methodology 

The substrates used for this experiment were Si (100) wafers. Degreasing of substrates 

was carried out by using RCA cleaning method. Deposition of AlN and 220 nm Al buffer layer 

thin films were carried out in a Multi-Source PVD system (HHV TF600) using RF magnetron 

sputtering (SEREN R601 power supply with MC2 automatic matching network controller) in a 

class 10000 clean room environment. For the deposition of 300 nm Al buffer layer on Si (100) 

substrate, the key sputter parameters used are given in table 1. The sputter parameters used to 

deposit AlN were taken from a previous work [8] which is also listed in table 1. AlN was 

deposited under different Ar/N2 gas flow (i.e., 15/45, 20/40, 30/30, 40/20 sccm) on well cleaned 

Si (100) substrate with and without 300 nm Al buffer layer labeled as AlN/Si and AlN/Al/Si 

respectively. The gas flow was controlled using mass flow controller (Bronkhorst High-Tech, EL-

FLOW). Prior to each deposition the pressure inside the sputtering chamber was pumped down 

to below 5x10
-4 

Pa before high purity (99.999%) Ar and N2 were introduced then pre sputtering 

was done for 15 minutes. 

Table 1. Key sputter parameters 

Parameter Al buffer layer AlN 

Target Al (99.999%) 

Power (W) 100 400 

Temperature (°C) RT 300 

Working Pressure (Pa) 0.93 0.66 
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Gas Flow Ar/N2 (sccm) 30/0 15/45,20/40, 30/30, 40/20 

Duration (min.) 15 60 

By using Empyrean PANalytical diffractometer with Cu-Kα X-ray radiation, crystal 

structure and orientations of the films were identified in GIXRD mode with incident angle (ω) 

of 6.5°. “HighScore” Software was used for XRD data interpretations and calculations. Thickness 

of the Al buffer layer was measured as 220 nm by using a stylus profilometer (α-step D-600). 

 

3. Result and Discussion 

Figure 1a and 1b shows the XRD results of AlN deposited under different Ar/N2 flow 

(i.e., 15/45, 20/40, 30/30 and 40/20 in sccm) on Si and Al/Si substrates. It is clear from figure 1 

that all the samples are grown with high (002) orientation. Growth orientations of AlN and Al is 

indicated in figure 1 along with its respective ICDD file numbers where, AlN and Al have 

hexagonal wurtzite and simple cubic crystal structures respectively. With a fixed gas flow of 60 

sccm, when we decreased the N2 flow, it is observed that the intensity of (002) AlN is increasing 

up to the point where the flow of Ar and N2 are equal (i.e., 30 sccm). When the N2 flow is 

decreased further we observed decreasing nature in (002) intensity of AlN. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This mechanism is observed irrespective of the substrates used. Smaller-mass N2 

particles and the bigger-mass Ar particles are playing a major role behind this mechanism by 

Figure 1. GIXRD Results of AIN samples prepared on Si substrates (a) without AL 

buffer layer (b) with Al buffer layer under different Ar/N2 gas flow 
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impacting the adatoms energy. In the case of higher N2 concentration, the rate of deposition is 

reduced due to lack of high energy Ar particles which lead to insufficient adatom energy and 

mobility. In the case of lower N2 concentration, the sputtered particles lose its energy greatly by 

colliding with a greater number of heavy Ar particles which again led to low adatom energy. But 

for the optimized gas flow of 30 sccm Ar and N2, maximum (002) intensity is achieved irrespective 

of the substrates used (Figure 2). So, it is verified from the results that the optimized Ar/ N2 gas 

flow is needed to develop highly c-axis oriented AlN. Figure 2 also reveals the comparison in 

(002) intensity between AlN deposited on Si (100) with and without 220 nm Al buffer layer. It is 

clear from the results that the use of buffer layer enhanced the (002) growth compared to AlN/Si.  

This is possible due to the presence of same mother element that is Al between AlN and the 

interface layer. This may promote the sputtered particles to more easily sit in the respective lattice 

sites on the surface of the Al buffer layer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion 

In this work, AlN was deposited on Si (100) substrates with and without Al buffer layer 

using reactive RF magnetron sputtering. Effect of nitrogen concentration on the (002) growth 

orientation of AlN is investigated with fixed gas flow of 60 sccm. It is verified from our results 

that for the optimized value of Ar/N2 ratio as 1:1 (i.e., 30 sccm each), (002) AlN intensity is at its 

maximum for both AlN/Si and AlN/Al/Si samples. It is also observed that introduction of 220 

nm Al buffer layer enhanced the (002) intensity compared to AlN/Si. AlN being the most suitable 

material for high temperature piezoelectric applications, process optimization to achieve c-axis 

thin film is challenging. Also, the process parameters change from system to system. This study 

was done to add knowledge on controlling Ar/N2 ratio for optimum results. 

Figure 2. (002) intensity of AIN/Si and AIN/Al/Si deposited under different Ar/N2 gas flow 
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