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Abstract—Piezoelectric sensors based on highly (002)-

oriented Li-doped Zinc Oxide (LZO) thin films are 

fabricated on Pt/Ti/SiO2/Si substrates using a Radio 

Frequency (RF) magnetron sputtering technique with DC-

bias voltages ranging from 0 ~ 25 V. The DC-bias voltage 

modifies the microstructure and thickness uniformity of the 

LZO films, and therefore changes their piezoelectric 

properties. The optimal value of the piezoelectric coefficient 

is obtained for a DC-bias of 20 V. The observation results 

suggest that the superior piezoelectric property is the result 

of an improved crystallization of the LZO film rather than a 

greater thickness uniformity. The feasibility of the optimal 

LZO-based piezoelectric sensor for touchscreen applications 

is demonstrated by means of a simple experiment.  

 

Index Terms—DC-bias, Li-doped, piezoelectric, sensor, 

touchscreen, zinc oxide (ZnO) 

 

I. INTRODUCTION 

Touchscreen interactive devices have attracted 

developing concern in recent decades due to an 

increasing demand for computer, communication, and 

consumer electronics [1]. Touchscreens work on various 

operating principles, including resistive [2], capacitive [3], 

infrared [4], optical imaging [5], strain gauge [6], Surface 

Acoustic Wave (SAW) [7], and Acoustic Pulse 

Recognition (APR) [8]. Among these various techniques, 

SAW and APR use a simple piezoelectric method to 

transfer or detect signals, and thus have a broad range of 

applications owing to their lower cost, superior optical 

performance, higher durability, and easier integration [9]. 

However, such sensors require additional elements, such 

as reflectors and transducers, to measure the variation of 

the acoustic wave amplitude. Moreover, the presence of 

dust may change the behavior of the ultrasound waves 

traveling on the surface of the device. 

Accordingly, the present study synthesizes piezo-

electric sensors for touchscreen applications based on Li-

doped Zinc Oxide (LZO) thin films deposited on 

Pt/Ti/SiO2/Si substrates. The LZO films are prepared 

using a Radio Frequency (RF) magnetron sputtering 

method with various DC-bias voltages in the range of 0 ~ 

25 V. The effects of the DC voltage on the microstructure 

(orientation and crystallinity) and thickness uniformity of 

the LZO thin films are systematically explored. The 

results show that the DC-bias-induced growth of the LZO 
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microstructure has a greater effect on the piezoelectric 

properties of the film than the thickness uniformity. The 

feasibility of the proposed Li-doped piezoelectric sensors 

for touchscreen applications is demonstrated 

experimentally. 

II. EXPERIMENTAL PROCEDURES 

The target for the RF magnetron sputtering system was 

synthesized using reagent-grade ZnO and Li2CO3 

powders with purities in excess of 99.99%. Full details of 

the synthesis process are available in a previous study by 

the present group [10]. LZO films were deposited on 

Pt/Ti/SiO2/Si substrates at room temperature in a 25% 

oxygen (O2, purity: 99.995%) and 75% argon (Ar, purity: 

99.995%) mixed gas atmosphere. The deposition process 

was performed using a constant RF power of 120 W and 

various DC-bias voltages in the range of 0 ~ 25 V. 

During the deposition process, the substrate was rotated 

continuously at a speed of 30 rev/min. 

The crystalline structure and orientation of the LZO 

films were investigated by means of standard -2 X-ray 

Diffraction (XRD) measurements performed using CuK 

radiation at 40 kV and 30 mA (D8 Discover, Bruker). 

The piezoelectric coefficients (d33) of the LZO films were 

determined using an atomic force microscope (AFM, 

Veeco, Nanoscope SPM) in piezoresponse mode. Finally, 

the thickness of the LZO films was measured by an -

step profiler (AS500, KLA-Tencor). 

III. RESULTS AND DISCUSSION 

Fig. 1 presents schematic illustrations of the RF 

magnetron sputtering process with and without the use of 

a DC-bias voltage, respectively. In both cases, the ionized 

argon molecules randomly strike the target and excite 

negatively-charged LZO particles which are then 

deposited on the substrate. In the sputtering process 

performed using only the RF power, the LZO particles 

are prone to disarray, as shown in Fig. 1(a). However, for 

the sputtering process performed with both a RF power 

and a positive DC-bias, the LZO particles are more 

orderly arranged as a result of the attractive force 

between the positively-charged substrate and the 

negatively-charged LZO particles (see Fig. 1(b)). 

Fig. 2 shows the XRD patterns of the LZO films 

synthesized using different DC-bias voltages (shown in a 

previous study by the present group [11]). All of the films 

have a strong (002)-oriented peak. In other words, the 
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films have a hexagonal structure and good crystallinity. 

The intensity of the peak increases as the bias voltage is 

increased to 20 V. However, impurity phases (i.e., (110) 

and (101)-oriented peaks) are observed in the sample 

synthesized using a higher bias voltage of 25 V. The 

formation of these phases can be attributed to a strong 

static electricity effect in the presence of a high DC-bias, 

which is consistent with that reported for the variation of 

crystalline structure of the Ni films in [12]. 

  

Figure 1. Schematic illustrations of ion deposition in RF magnetron 
sputtering system: (a) without DC-bias, and (b) with DC-bias. 

 

Figure 2. X-ray diffraction patterns of LZO films deposited using 
various DC-bias voltages. 

Fig. 3 shows the variation of the Peak Intensity Value 

(PIV), Full Width at Half Maximum (FWHM), and 

piezoelectric coefficient (d33) of the LZO samples 

deposited using different DC-bias voltages (also shown in 

a previous study by the present group [11]). Note that in 

measuring the d33 values, the AFM integrated tip was 

scanned over an area measuring 2 μm × 2 μm with a DC 

voltage in the range of 1 to 5 V. The d33 values were then 

calculated from the slope of the piezoresponse signal 

compared with that of an un-doped ZnO film with a 

theoretical d33 value of 5.3 ~ 8.6 pm/V [13]. It is observed 

that the d33 coefficient has a maximum value of 19.42 

pm/V in the sample prepared with a DC-bias of 20 V, but 

falls to approximately 16.27 pm/V for a higher bias 

voltage of 25 V. This tendency is consistent with that 

reported for ZnO-based thin films in [14]. It is noted that 

the tendency of the piezoelectric coefficient d33 is similar 

to that of the PIV, which implies that the piezoelectric 

property of the film is correlated with the microstructure. 

However, the tendency of the FWHM value is the 

opposite of that of the d33 and PIV values. The smaller 

value of the FWHM at higher bias voltages infers a more 

dense grain structure and lattice arrangement of the LZO 

film under higher bias conditions. 

 

Figure 3. Peak intensity values of X-ray diffraction patterns, FWHM, 
and piezoelectric coefficients d33 of LZO films deposited using various 

DC-bias voltages. 

Fig. 4 shows the measurement process used to evaluate 

the thickness of the LZO films (also shown in a previous 

study by the present group [11]). Note that each measured 

region (i.e., up, down, right and left) has dimensions of 

1.5 cm × 0.1 cm and the yellow arrows indicate the -

step measurement direction. For each film, the average 

thickness (AT) and standard deviation (SD) were 

computed respectively as: 
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where X indicates the measured thickness value, N 

indicates the number of measurements performed in each 

region, and  indicates the SD of each measurement. The 

AT and SD results for the various films are listed in Table 

I and Table II, respectively (also shown in a previous 

study by the present group [11]). As expect, the average 

thickness of the films increases with an increasing bias 

voltage. In other words, the application of a DC-bias 

voltage increases the deposition rate of the sputtering 

system. By contrast, the SD of the film thickness reduces 
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with an increasing DC-bias voltage, which implies that 

the DC-bias improves the thickness uniformity of the 

LZO films. Overall, the results show that the optimal 

microstructural and piezoelectric properties are obtained 

using a DC-bias voltage of 20 V. 

 

Figure 4. Schematic illustrations showing thickness measurement of 
LZO films. Note that each measured region has dimensions of 1.5 cm × 

0.1 cm and yellow arrows indicate the direction of -step measurement. 

The feasibility of the LZO-based piezoelectric sensor 

fabricated using a 20-V DC-bias was evaluated by means 

of a simple experiment designed to emulate a touchscreen 

application. Fig. 5 shows the operating principle of the 

proposed sensor. As shown, the sensor generates an 

electrical signal when compressed, which is then 

processed by an operational amplifier (OP, UA741, 

ROHM Semiconductor). The amplified signal is then 

transferred to a micro-controller (AT89S51, Atmel 

Corporation) and used to drive a light-emitting diode 

(LED, Hatsushiba). 

 

Figure 5. Flowchart and operating principle of LZO-based piezoelectric 
sensor for touchscreen applications. 

 

 

 

Figure 6. (a) Schematic illustration of LZO-based piezoelectric sensor. 
Photographs of prototype piezoelectric sensor when pressing (b) PIN 1 

and (c) PIN 2. 

TABLE I.  AVERAGE THICKNESS OF LZO FILMS VERSUS DC-BIAS 

VOLTAGE FOR FOUR MEASURED REGIONS (UP, DOWN, RIGHT, AND LEFT 

IN FIG. 4). NOTE THAT X  INDICATES THE AVERAGE OF FIVE 

MEASURED RESULTS FOR EACH REGION AND udrlX  INDICATES THE 

AVERAGE OF upX , downX , rightX , AND leftX . 

Bias 
(V) 

upX  

(nm) 

downX  

(nm) 

rightX  

(nm) 

leftX  

(nm) 

udrlX  

(nm) 

0 185 206 181 208 194.9  

10 216 219 190 215 210.0  

20 228 223 201 227 219.7  

25 233 226 208 230 224.3  

TABLE II.  STANDARD DEVIATION (SD) OF upX , downX , rightX , 

AND leftX  IN TABLE I VERSUS DC-BIAS VOLTAGE. NOTE THAT UDRL 

INDICATES THE SD OF UP,DOWN,RIGHT, ANDLEFT. 

Bias 
(V) 

up 

(nm) 

down 

(nm) 

right 

(nm) 

left 

(nm) 

udrl 

(nm) 

0 12.45  11.76  5.34  6.55  3.12  

10 11.49  9.39  4.03  5.78  2.93  

20 10.06  8.26  2.93  4.96  2.78  

25 9.21  7.46  2.87  4.75  2.44  

 

As shown in Fig. 6(a), the LZO-based sensor was 

attached to a printed circuit board by means of four Au 
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pins (i.e., PINs 1 and 2, fixed and ground points). Fig. 6(b) 

and (c) present photographs of the piezoelectric sensor 

during the experimental process. As shown, the 

microcontroller and amplifiers are powered by 9 V 

batteries, and the user is wearing a plastic glove in order 

to reduce the capacitive effect. As the finger touches PIN 

1, the piezoelectric effect causes LED 1 to light. Similarly, 

LED 2 is lit when the finger touches PIN 2. Pins 1 and 2 

are located in different regions of the LZO film surface. 

Thus, the experimental results confirm the local touch-

sensitive nature of the proposed piezoelectric sensor. 

IV. SUMMARY 

This study has investigated the microstructure and 

piezoelectric properties of LZO thin films deposited on 

Pt/Ti/SiO2/Si substrates via a RF magnetron sputtering 

technique with DC-bias voltages ranging from 0 ~ 25 V. 

It has been shown that the optimal value of the 

piezoelectric coefficient is obtained in the sample 

synthesized using a DC-bias of 20 V. Moreover, the 

results have shown that the microstructure of the LZO 

film has a greater effect on the piezoelectric property than 

the thickness uniformity. The feasibility of the proposed 

LZO-based piezoelectric sensors has been demonstrated 

by means of a simple experiment. In general, the results 

have shown that the piezoelectric sensor provide a 

promising solution for touchscreen applications. 

ACKNOWLEDGMENT 

This work was supported by the Ministry of Science 

and Technology (MOST), Taiwan, under Grant Nos. 106-

2221-E-006-226, 106-2622-E-006-019-CC3, and 107-

2218-E-006-035. The registration fee and travel expense 

were financially supported by the MOST, Taiwan, under 

Grant No. 107-2914-I-013-001-A1. The author would 

like to acknowledge Prof. Sheng-Yuan Chu and the 

members of Acoustic, Electrical, and Optical Materials 

Lab. (Department of Electrical Engineering, NCKU) for 

fruitful discussion and valuable assistance, especially in 

terms of measurements. The author would also like to 

thank Mr. Patrick Sinclair Wyton of Academic English 

Services, Taiwan, for his assistance in editing and 

proofreading this paper. 

REFERENCES 

[1] G. Walker, “A review of technologies for sensing contact location 

on the surface of a display,” Journal of the Society for Information 
Display, vol. 20, no. 8, pp. 413-440, Aug. 2012. 

[2] R. N. Aguilar and G. C. M. Meijer, “Fast interface electronics for 
a resistive touch-screen,” Proceedings of IEEE Sensors, vol. 1, no. 

2, pp. 1360-1363, Jun. 2002. 

[3] H. K. Kim, S. Lee, and K. S. Yun, “Capacitive tactile sensor array 
for touch screen application,” Sensors and Actuators A: Physical, 

vol. 165, no. 1, pp. 2-7, Jan. 2011. 
[4] S. J. Hoener and G. J. Hardy, “Touchscreen displays for military 

cockpits,” Proceedings of SPIE - The International Society for 

Optical Engineering, vol. 3690, pp. 68-72, Apr. 1999. 
[5] J. Dai and C. K. R. Chung, “Touchscreen everywhere: On 

transferring a normal planar surface to a touch-sensitive display,” 
IEEE Transactions on Cybernetics, vol. 44, no. 8, pp. 1383-1396, 

Aug. 2014. 

[6] N. M. Sangeetha, et al., “A transparent flexible z-axis sensitive 
multi-touch panel based on colloidal ITO nanocrystals,” 

Nanoscale, vol. 7, no. 29, pp. 12631-12640, Aug. 2015. 
[7] J. Huang, “Touch panel using acoustic wave reflection,” U.S. 

Patent 6 078 315, Jun. 20, 2000. 

[8] K. North and H. D’Souza, “Acoustic pulse recognition enters 
touch-screen market,” Information Display, vol. 22, no. 12, pp. 

22-25, Dec. 2006. 
[9] S. Reis, et al., “Touchscreen based on acoustic pulse recognition 

with piezoelectric polymer sensors,” in Proc. IEEE International 

Symposium on Industrial Electronics, Jul. 2010, pp. 516-520. 
[10] C. C. Lin, et al., “In-situ post-annealing technique for improving 

piezoelectricity and ferroelectricity of Li-doped ZnO thin films 
prepared by radio frequency magnetron sputtering system,” 

Applied Physics Letters, vol. 102, no. 10, p. 102107, Mar. 2013. 

[11] C. C. Lin, C. S. Hong, C. Y. Huang, Y. C. Chen, and S. Y. Chu, 
“Effects of DC-bias voltage on piezoelectric and dielectric 

properties of Li-doped ZnO thin film,” ECS Journal of Solid State 
Science and Technology, vol. 5, no. 7, pp. N40-N42, Jun. 2016. 

[12] Y. Mikami, et al., “Effect of DC bias voltage on the deposition 

rate for Ni thin films by RF-DC coupled unbalanced-magnetron 
sputtering,” Surface and Coatings Technology, vol. 133-134, pp. 

295-300, Nov. 2000. 
[13] J. Y. Fu, P. Y. Liu, J. Cheng, A. S. Bhalla, and R. Guo, “Optical 

measurement of the converse piezoelectric coefficients of bulk and 

microtubular zinc oxide crystals,” Applied Physics Letters, vol. 90, 
no. 21, p. 212907, May 2007. 

[14] X. B. Wang, C. Song, D. M. Li, K. W. Geng, F. Zeng, and F. Pan, 
“The influence of different doping elements on microstructure, 

piezoelectric coefficient and resistivity of sputtered ZnO film,” 

Applied Surface Science, vol. 253, no. 3, pp. 1639-1643, Nov. 
2006. 

 

 

 

Chun-Cheng Lin received the B.S. degree from Department of 
Avionics Engineering, R.O.C. Air Force Academy in 2004 and the M.S. 

degree from Department of Physics, National Kaohsiung Normal 
University in 2007. In 2008, he was employed as a lecturer in the 

Department of Mathematic and Physical Sciences, R.O.C. Air Force 

Academy. In 2010, he continued his study for Ph.D. in the Department 
of Electrical Engineering, National Cheng Kung University. In 2011, he 

was promoted as an assistant professor. In 2016, he received his Ph.D. 
degree. He is currently an associate professor in the Department of 

Mathematic and Physical Sciences, R.O.C. Air Force Academy. His 

research interests include microwave, antennas and propagation, 
piezoelectric materials and devices, thin-film technology, resistive 

random access memory devices, and acoustic-based sensors. 

 

International Journal of Electronics and Electrical Engineering Vol. 6, No. 4, December 2018

©2018 Int. J. Electron. Electr. Eng. 56




