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ABSTRACT
The paper reports the deposition and etching of a highly c-axis oriented piezoelectric ZnO thin film. The optimization of ZnO etching has been carried out using different chemicals for MEMS acoustic sensor. The ZnO film was deposited using RF magnetron sputtering technique on an oxidized P-type <100> silicon wafer. In this process, zinc target was used under the influence of a fixed argon-oxygen gas flow ratio and fixed target-substrate distance. The surface roughness of deposited ZnO film was found to be 10 A(. The thickness of deposited ZnO film was measured using NanoSpec and it was verified from Dektak 6M surface profiler. A good agreement is found between these results.
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1.     INTRODUCTION

During recent years, the study of micro-electro-mechanical systems (MEMS) has shown significant opportunities for miniaturized mechanical devices based on thin-film materials and silicon technology. Among the MEMS devices, micro-machined acoustic devices are being focused on a lot of applications such as a hearing-aid cellular phone, micro-personal digital assistant (micro-PDA), surveillance devices and earphone. Several of the emerging applications for acoustic wave devices as sensors may eventually equal the demand of the telecommunications market. These include automotive applications (torque and tire pressure sensors), medical applications (chemical sensors), and industrial and commercial applications (vapor, humidity, temperature, and mass sensors). Acoustic wave sensors are competitively priced, inherently rugged, very sensitive, and intrinsically reliable. In a piezoelectric crystal, the positive and negative electrical charges are separated, but symmetrically distributed, so that the crystal overall is electrically neutral. When a stress is applied, this symmetry is disturbed, and the charge asymmetry generates a voltage. The sensitivity of acoustic sensors is strongly influence by the capacitance of the piezoelectric layer. Excellent piezoelectric and dielectric properties of zinc oxide (ZnO) makes it an interesting material for investigation because of the potential advantage of its low cost, small volume, high electro-mechanical coupling coefficient, array configuration, and the possibility of it being fully integrated with existing integrated microelectronics. Using piezoelectric materials high frequency resonant structures with good temperature stability can be implemented. These piezoelectric resonators with resonant frequencies in the MHz-GHz range are widely used in scanning acoustic microscopes [1]. Piezoelectric MEMS devices have the advantages of low power consumption because they do not do not require power themselves. 

 Many technologies, such as vapor-liquid-solid [2], pulse laser deposition [3], molecular beam evaporation, thermal evaporation, metal organic chemical vapor deposition [4], sputtering [5] and so on, can be used to prepare the ZnO film on glass, sapphire or Si substrates. In present work, epared the ZnO nano polycrystalline film have been deposited using radio-frequency (RF) magnetron sputtering technology under different conditions. Furthermore, there is a strong demand to develop environmental friendly, lead-free piezoelectric material that can results in acoustic sensors having device characteristics and performance comparable to those of lead-based materials such as PZT.

This paper reports the deposition and etching of ZnO layer for MEMS acoustic sensor applications. 

2.       EXPERIMENT
2.1  Thermal Oxidation
The bare P-type silicon wafers were prepared for thermal oxidation. In this process the wafers were cleaned as follow:
1. First the wafer was rinsed with deionized (DI) water having resistivity 18 MΩ for 10 minutes. A large fraction of ionic impurities present on wafer surface is removed, as it is free from all ions except HO+ and OH-.
2. The HNO3 acid chamber is then set at temperature 110ºC, the wafers was placed in the acid for 18-20 minutes. It removes the heavy metal contaminants on the wafer surface. The resultant components are automatically moved away as these are volatile at this temperature.

3. Then RCA1 cleaning was done. To make this solution a mixture of DI water, NH4OH and H2O2 were taken in ratio of 5:3:3 respectively. The wafer was dipped in the solution for 20 minutes, keeping the solution temperature of around 80ºC. This cleaning dissolves all organic residues and certain metal contaminants.

4. Then RCA2 cleaning was done. To make this solution a mixture of DI water, HCl and H2O2 was taken in ratio of 5:3:3 respectively. The wafer was dipped in the solution for 20 minutes, keeping the solution temperature of around 80ºC. This cleaning removes all atomic and ionic contaminants from the wafer surface. 
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Figure 1. Thickness of SiO2 0.3 µm measured by Dektak 6M surface profiler.

After RCA1 and RCA2 cleaning, wafer was loaded into oxidation furnace at temperature 500 (C to avoid any crack due to rapid temperature change. Oxidation was done in a sequence dry-wet-dry cycle at 1000 (C. At starting for 30 minutes dry oxidation takes place and then wet oxidation was done for 1 hour 30 min to get the 0.3 (m thick SiO2 layer. Wet oxidation is a fast process, but is not so perfect and results in a relatively porous silica films. On the other hand, a comparatively very slow process dry oxidation is most perfect one. Finally again ½ hour dry oxidation was done. So we have made a sandwich of dry-wet-dry oxidation for better uniformity and high oxidation rate. In case of dry oxidation process 55 sccm (standard cubic centimeter) O2 was flow in the furnace at 1000 (C where as in case of wet oxidation 15 sccm O2  was flow through DI water which was kept at 95 (C. Thickness of thermally grown SiO2 layer was measured by Dektak 6M surface profiler as shown in Fig.1.
Table 1: ZnO deposition parameters

	Growth technique
	RF magnetron sputtering

	Target
	6" diameter metal zinc (99.99% pure)

	Substrate
	4-inch P-type

	Pressure
	2.5 mtorr

	Gas composition
	40% + 60 %

	Power 
	500 W

	Deposition rate
	0.6 (m


Table 2: Spinning recipe of positive photoresist S1818

	Step
	1
	2
	3
	4
	5
	6
	7
	8

	Speed (rpm)
	0
	100
	2000
	500
	100
	100
	100
	0

	Time (sec) 
	4
	5
	20
	10
	10
	10
	5
	0


2.2 ZnO deposition
The ZnO thin film was deposited on oxidized silicon wafers was done using RF magnetron sputtering technique. Zn (99.99%) was used as the target with the diameter 150 mm. The deposition parameters are given in Table 1. The thickness of ZnO layer is measured using Nanospec. Figure 2 shows the thickness variation of ZnO layer throughout the 4-inch oxidized silicon wafer. It is clear from this Fig. that the value of ZnO thickness is varies in between 4.15 (m to 5.14 (m. The corresponding 3D contour map using Nanospec is shown in Figure 2(b).
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Figure 2: Thickness of ZnO layer measured by NANOSPEC.
It is clear from this contour that the height of contour is going down from centre to edge of the wafer. This showing the thickness of ZnO layer is slightly decreases towards the edges of 4-inch oxidized silicon wafer. The ZnO thickness uniformity is much better about 3.5-inch diameter of the wafer. The thickness measured using Nanospec is verifies using Dektak 6M surface profiler. To measure the thickness using profiler first the photolithography was done to create the step in ZnO film. 
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Figure 3. Thickness of ZnO layer measured by Dektak 6M surface profiler: (a) on centre of the wafer and (b) on edge of the wafer.
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Figure 4. Surface roughness measured by Dektak 6M surface profiler.
The surface roughness of the film was measured using Dektak 6M surface profiler and found to be 10A( (Figure 4).

2.3 ZnO etching using different solutions
After deposition of ZnO, the wafers were coated with positive photoresist S1818 and then photolithography was done to remove the photoresist from unwanted area. After this step, HCl and H2SO4 both solution were used separately to etch ZnO films. The etching process was carried out at room temperature.  The chemical reaction of ZnO (solid state) can be described by following equations: 
H2SO4 + H2O → H3O+ +HSO4−    (strong acid)
ZnO + 2H3O+ → Zn (aq)2( + H2O (aq)
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Figure 5: Variation of ZnO etch rate with solution concentration in case of HCl and H2SO4.
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Figure 6: Variation of pH value with solution concentration: (a) in case of HCl and (b) in case of H2SO4.

It is clear from the chemical equations that the strong acids generate a large number of hydronium ions (H3O() attacking the oxygen in ZnO. The variation of ZnO etch rate with concentration of HCl and H2SO4 solutions is shown in Figure 5. It is clear that in both the cases, the etch rate linearly varies with increasing concentration of acid solution.
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Figure 7: Variation of pH value with solution concentration in case of NH4Cl.

Figures 6(a) and 6(b) both shows the sharp change in pH value with increasing concentration of solution. This implies that the number of hydronium ions increases drastically with increasing solution concentration in case of strong acids. From these results it was observed that the ZnO etching is not controlled in case of strong acids because of large number of hydronium ions. Taking these results in to consideration, we have selected a weak acid NH4Cl. The deposited ZnO layer was then etched in this solution.  It is observed that the ZnO etch rates in case of weak acid NH4Cl was found to be 0.2 µm/min in 20% solution concentration. The pH value with varying solution concentration is plotted in Figure 7. It was observed that the pH value has less variation in comparison to strong acids. Therefore, the ZnO etch rate is much controlled in case weak acid.
3.      Conclusions
The piezoelectric ZnO film was deposited on 4-inch diameter P-type oxidized silicon wafer using RF magnetron sputtering. The uniformity of the film was measured using Dektak 6M surface profiler and further it was verified with Nanospec measurement. A good agreement is found in between both results. The film was etched in two different acids: HCl and H2SO4 at different solution concentrations. The pH variation of the solutions with varying the concentration was optimized for both acids. The undercutting in the ZnO film was observed because of large number of hydronium ions, even at low concentration of the solution in both the cases. The undercutting in ZnO was controlled in case of weak acid NH4Cl because of less number of hydronium ions. Finally it was concluded that weak acid NH4Cl is most suitable for etching ZnO layer in comparison to strong acids.   
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