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In this paper, a tactile sensor based on ZnO nanorods was fabricated and characterized. A 

silicon and a polyamide substrate were utilized to achieve both a rigid and a flexible sensor. 

The ZnO nanorods was achieved using hydrothermal technique. The size and shape of the 

nanorods were recognized by the Scanning Electron Microscope (SEM). An interesting 

hexagonal cross section shape were achieved, which is very sensitive to the external 

pressure. An elevation in the detector output current was measured as the pressure applied 

to the detector. Two tests were applied to the sensor, first, a horizontal pressure and second, 

a bending pressure with several bending angles. The time response was graphed for both 

cases. Furthermore, the effect of oxygen plasma on the nanorods structure was analyzed 

by the SEM, Raman spectroscope and nanometer.  
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1. INTRODUCTION

The world of nanotechnology has witnessed a great 

development, especially in the field of nano sensors, 

nanomaterials, and nanodevices fabrication [1-6]. ZnO 

nanorod is a stunning nanomaterial, which is a promising to be 

the building block for the electronic devices and sensors. This 

is due to its semiconductor properties and wide bandgap [6, 7]. 

Several electronic devices based on ZnO nanorods were 

reported. For example, it has been used as a photosensor [8], 

taking advantage of the large surface area of the nanorod. The 

nanorods photosensors have been constructed, specifically, 

ultraviolet photosensors and have been proven to have high 

sensitivity as well as high response time. Zinc oxide nanorods 

were also fabricated to be a light emitting diode [9, 10] instead 

of the conventional designs that made of semiconductors, 

taking advantage of the cheapness, ease of the manufacturing 

process in addition to its large band gap. The focus was on 

manufacturing photodiodes with short wavelengths, such as 

laser diodes. 

Furthermore, due to its stunning electronic properties, some 

research groups have succeeded in fabrication of FET 

transistor that made of ZnO nanorods. The success in 

manufacturing such kind of transistors probably opens the path 

for more complicated electronic devices such as logic gates 

and digital memory [11, 12]. Moreover, Tactile nanorods 

sensor [13, 14] is one of the hottest applications because 

piezoelectricity is one of the most significant properties of the 

ZnO. This means that such kind of nano material has both 

mechanical and electrical properties that the material reacts to. 

Theoretically, when a pressure applied to the nanorods, the 

surface would be deformed. This deformation causes 

movement in the charge carriers through material. This 

phenomenon displays the ability of building a self- powered 

sensor. Since the ZnO nanorods surface have the ability to 

withstand a huge subjected pressure, therefore, it can be easily 

used in fabrication of flexible sensors.  

In this work, the ZnO nanorods were grown on a silicon 

substrate, the nanorods were studied under the SEM and also 

under Raman Spectroscope to display the hexagonal shape, the 

surface profile, and the effect of the plasma on the surface 

profile and crystal structure. Then a flexible sensor based on 

ZnO nanorod was fabricated on a polyamide (flexible) 

substrate and tested under vertical pressure and bending 

pressure.  

2. SAMPLE PREPARATION

Figure 1. Sample preparation in the lab 
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The sample preparation requires cleaning the substrate, as it 

is very significant issue in the growing process of the nanorods. 

Any kind of contamination on the surface of the substrate can 

produce unexpected results, specifically, the nanorods shape 

which affects the sensing property. The process of cleaning the 

substrate begins by rinsing with acetone, isopropanol and then 

deionized water. Hydrothermal technique was used to produce 

nanorods [15, 16]. Briefly, a seed layer of 1.835 g Zinc acetate 

was mixed with 1000 ml of ethanol and then spin coated about 

1000 rpm for 1 min on the substrate, then baked at 100℃ for 

10 min. This process was repeated 3 times. Basically, the seed 

layer decides the quality of the ZnO nanorods that will grow 

in the next fabrication process. 0.87 g of nitrate hexahydrate 

was mixed with 0.44 g of hexamethylenetetramine and then 

added to 30 ml deionized water. After that, the substrate was 

immersed in a battle and placed in the oven at 70℃ for around 

4 hours (as shown in Figure 1). 

Two types of substrates were used, silicon dioxide on 

silicon, which is a rigid substrate, and polyamide substrate, 

which is a flexible substrate. 

3. IMAGING OF THE ZNO NANORODES

SEM was used for imaging the ZnO nanorods. Several 

magnification factors were used to determine the shape of the 

nanorods. Based on the lab experiments, the dimensions and 

shape are depending on the seed layer and the growing time. 

Figure 2 illustrates several shapes and size of the archived 

nanorods structures. Obviously, the cross-sectional area is a 

hexagonal shape, some with one head and some with 

multihead, this is depending on the growing process, in terms 

of chemical concentrations, growing time and also the seed 

layer. In fact, the seed layer is very significant process step as 

it decides the quality and shape of the nanorods. 

(a) Single head at X90k (b) Multihead at X35K

(c) nanorods grid at X2.0K (d) A sample with no seed at growing process

Figure 2. ZnO nanorods under SEM 

4. RECOGNITION OF THE ZNO NANORODS

MATERIAL

To prove the availability of the ZnO material in the sample, 

Raman spectroscope instrument was used. This instrument is 

non-distractive instrument that can identify what kind of 

molecules deposited in the sample. It also gives an indication 

about the crystal structure of the material, meaning that one 

can determine whether a surface of a material is defective or 

not [17-19].  

A sample of nanorods was prepared on silicon dioxide over 

silicon substrate and checked under Raman spectroscope, as 

shown in Figure 3. The peak at wave number of 275 cm-1 

indicates the foundation of the ZnO nanorods. The peak 
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intensity which is unitless, is 200. 

Figure 3. Raman spectrum of the of the ZnO nanorods 

5. EFFECT OF PLASMA ON THE NANORODS

Many reported articles claimed the impact of the plasma on 

the crystal structure and surface roughness of nanomaterials 

[20]. They found that the surface roughness increases the 

sensitivity of the ZnO gas senor [21]. Indeed, Raman 

spectroscope is an excellent instrument for studying the 

surface roughness, as it is non-destructive tool that can be used 

to detect the surface defects of several materials including 

nanomaterials. Wave number, the inverse of the wavelength is 

usually measured to decide the kind of material under test. 

This number also called Raman shift, as it represents the 

difference between the incoming laser light to the reflected one 

from the sample surface. The prepared sample was checked by 

Raman spectroscope after and before subjecting to the O2 

plasma of 300W for 3 mins. The sample was also checked by 

SEM after and before subjecting the O2 plasma (Figure 4). It 

was observed that the intensity peak at 275 (Figure 4a), which 

is the fingerprint of the ZnO nanorods, decreases significantly 

after plasma exposure, particularly, from 200 to 98 (Figure 4b 

and 4c). A huge surface roughness and crystal distractive were 

seen under SEM (Figure 4d and 4f). The surface roughness 

increases with the increasing of the plasma exposure time and 

exposure power. Based on the reported articles [14, 22-24], 

treatment with plasma enhances the surface absorption to 

some gases, such as carbon monoxide, methane, and hydrogen. 

However, for sensing mechanical pressure (piezoelectricity), 

the sensitivity was significantly decreased due to crystal 

disorder of the nanorods by the plasma exposure (as would see 

in the next section). 

(a) Raman spectrum before plasma exposure (b) Raman spectrum after plasma exposure

(c) comparison between the intensity peaks, inset is the plasma

instrument during exposure 

(d) SEM image before plasma exposure at magnification at

magnification at magnification of X35K 
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(e) Raman spectrum of the ZnO nanorods after short (dark

color) and long (light color) exposure time 

(f) The SEM images after plasma exposure at magnification at

magnification at magnification at magnification of X40K

Figure 4. Effect of plasma on the ZnO nanorods 

6. ELECTRODES FABRICATION

The photolithography method was used. The sample was 

initially cleaned using acetone, isopropanol, and deionized 

water and dried with nitrogen. Then, a layer of copper with a 

thickness of 3000 angstroms was deposited on the surface of 

the polyamide using a Thermal Evaporator device under a 

pressure of 1×10-6 Torr. The sample was then coated with a 

layer of photoresist with a thickness of 1 micrometer using a 

spin-coating device. The sample was then placed on a hot plate 

for three minutes at a temperature of 100℃ to dry it by 

evaporating the solvent. The sample was then exposed to 

ultraviolet radiation with a wavelength of 365 nanometers for 

2 minutes, of course, through a mask. Then, the sample was 

placed in the developer to display the pattern. Finally, the 

sample was placed in iron chloride salt to dissolve the copper 

in areas that are not covered by photoresist. The sample was 

then washed with water and dried with nitrogen. Finally, the 

remaining photoresist was removed with acetone. A layer of 

zinc oxide nanorod was grown on the surface of the substrate 

as described in the previous section. 

7. FLEXIBILITY TEST MECHANISM

One of the important properties of nanorods is its ability to 

withstand the external pressure and deformation [25]. The 

reaction of the nanorods sample is generating an electric 

current due to nano piezoelectricity. Theoretically, at no 

pressure, dipoles that are created due to the zinc and oxygen 

ions are not arranged in a regular form but fixed in a place with 

no movement, this leads to no piezoelectric effect and then no 

current flows. When the ZnO nanorods is subjected to external 

pressure, the nanorods are deformed and then the piezoelectric 

effect appears. During pressure, the electrons would move 

from one electrode to another until the saturation reached, 

meaning that current will not increase anymore. To implement 

this practically, the nanorods were grown on a flexible 

substrate, a polyamide substrate. First, the sample was 

subjected to a variable external pressure by index finger, 

roughly a force of 10 to 40 N, starting relatively from low 

pressure to relatively high pressure (Figure 5). As a result, 

different electric current values from 0 nA, at no pressure to 

10 nA at relatively max pressure, were obtained, with neither 

bias voltage nor amplification. The current was measured 

through two copper electrodes, which are connected to the 

41,458-semiconductor parameter analyzer. Basically, the 

generated current comes from the fact that when a vertical or 

bending force is applied to the nanorods a mechanical stain 

due to compression and stretching will be occurred. Then, a 

potential difference will be generated because of the charge 

carriers movement on the surface of the nanorods. This effect 

is called nano piezoresistivity. 

(a) Schematic representation

(b) experimental setup

(c) The device time response

Figure 5. Exposing the sample to external pressure 

202



 

The second test applied to the sample is the bending test. As 

mentioned, the substrate is a polyamide, which is flexible. As 

shown in Figure 6, the sample was subjected to bending 

pressure with ranging angles from 180 (no bending) to about 

45 degrees. This has led to elevations in the current level from 

5nA to 15 nA, which is proportional to the bending angle. The 

current saturates at a particular value of applied force. Also, 

the current- pressure relationship is linear. 

 

 
(a) photographic image of the device 

 
(b) The bending angle between 180 (no bending) to about 45 

degrees 

 
(c) bending angle versus generated current 

 

Figure 6. Bending stress effect on ZnO nanorods grown 

on a flexible polyamide substrate 

 

The device was also tested in response to a mechanical 

touch (press and release), after and before plasma exposure 

(Figure 7). Result showed a negligible response to external 

pressure compared to case before plasma exposure test. As 

displayed in the inset of Figure 7, the crystal structure was 

destroyed and the piezoelectric effect was disappeared. 

 

 
 

Figure 7. The device time response before and after plasma 

exposure. Inset is the SEM image of the nanorods before and 

after exposure at magnification at magnification of X90K 

 

 

8. CONCLUSIONS 

 

This work represents a practical study of the ZnO nanorods 

as pressure and touch sensors. Several devices were designed, 

fabricated and, tested. The ZnO nanorods are grown using the 

conventional hydrothermal technique. SEM images show a 

stunning shaped of the nanorods in the nanoscale size, 

particularly the hexagonal cross section of the nanorods. 

Moreover, the effect of the oxygen plasma on the crystal 

structure was also studied by using Raman spectroscope. The 

electrical test for the samples were done on both rigid and 

flexible substrates. Remarkable elevation in current was 

observed due to applied force (vertical and bending forces); 

this can be attributed to the piezoresistive property of the 

nanorods, which probably open the door for the practical 

powerless sensors design. On the other hand, unlike nanorod 

based-gas or chemical sensors, the plasma causes significant 

decrease in the sensor sensitivity. This kind of sensors open 

the door for a lot of practical applications such as tactile 

sensors particularly in the field of health care, robotics. 

Furthermore, since the sensor is self-powered, it can be used 

in portable devices. 
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