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 Paper based sensor is the new technology to fabricate a simple, portable, and 
low cost device that exhibits the comparable properties and functions with 
those fabricated using complex fabrication process. Paper based sensor is 
usually applied in environmental monitoring, health diagnostics, and food 

quality control. This research is focusing on the paper based sensor that will 
contribute to the development of ultraviolet (UV) sensor. The fabrication of 
the sensor was done by using different grade of pencil, namely 6B and 2B on 
different type of paper. The different grade of pencil corresponds to different 
percentage of graphite and clay. As for the type of paper, A4 printing paper 
and Whatman filter paper were used. UV sensing operation was analyzed 
from the measurement of current-voltage (I-V) characteristics under  
the exposure of UV light. Zinc oxide (ZnO) was coated on the sensor to 

facilitate the detection in the presence of UV. The sample fabricated using 
6B pencil grade on A4 printing paper and with ZnO coating showed a better 
UV sensing performance compared to other samples. This is due to the high 
conduction of 6B pencil grade and smooth surface of A4 printing paper.  
The ZnO coating increased the sensor sensitivity and response towards  
the UV light. These findings provide valuable information which can be used 
in fabricating a low-cost and simple UV paper sensor. 
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1. INTRODUCTION  

The fabrication of the ultraviolet (UV) sensors in the form of integrated circuit (IC) used a lot of 

electronics components such as transistors, capacitors, and resistors which made the fabrication process 

become challenging [1-4]. The current development of UV sensors involves complex fabrication and it is 

very costly because of the expensive tools and materials usage [4, 5]. It also takes a longer time to be 

fabricated due to lenghthy process to undergone and risky to the environment such as causing pollution by 

chemical hazardous.  

This study is targeted to fabricate a device or sensor that suitable and safe to the end user and  

the environment [6-10]. The device or sensor developed also reliable and easy to be fabricated with less 
pollution risk that might occur due to the fabrication process. By using environmental friendly materials [11-14] 

such as paper which acts as the substrate and zinc oxide (ZnO) as a coating on the paper, the performance of  

the sensor for detection in the presence of the UV could be enhanced [5, 15-20].  

Paper is used as the substrate due to the chemical properties of the paper that has a good porosity 

and higher degree of permeability. A good porosity properties can contribute to a better conductivity where 
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higher porosity will induce higher conductivity [11, 20]. The different grade of pencil which is 2B and 6B 

have different percentage of graphite and clay will be used to design sensing electrode on the paper [9, 21-23].  

The design utilize the interdigitated electrode pattern that can increase the total active area for the sensing region [24]. 

The paper based sensor was fabricated with ZnO coating because it offers the properties of higher photosensitivity 

and larger bandgap [17]. Hence, the binding reaction between the cellulose fibers of the paper with the ZnO 

will improve the adsorption and desorption process of the sensor [15, 18, 20, 25]. 

 

 

2. RESEARCH METHOD 

The development of the UV sensor in this study was started by identifying the type for graphite 
source and the paper. Two grades of pencil were used as the source of graphite: 2B and 6B. As for the paper 

selection, two types of paper have been used: A4 printing paper and Whatman filter paper. The trace of  

the graphitic layer on the paper basically able to induce conductivity. The morphology of the graphitic layers 

in pencil and paper was observed by using Variable Pressure-Scanning Electron Microscope (JEOL JSM-

IT300LV VP-SEM) to determine the basic properties of the materials’ morphology.  

Next, the ZnO layer was coated on the graphite/paper structure before undergoing the evaluation on 

sensing characteristic. The performance of the sensor in terms of consistency and sensitivity in the presence 

of UV was investigated using Semiconductor Device Analyzer (Keysight B1500A). For the preparation of 

paper as the substrate for the sensor, selection of the paper used was done based on the thickness which is in 

gram per square meter (gsm) and surface roughness. The summary of thickness and surface condition for 

respective types of paper used for this study are shown in Table 1. 
 

 

Table 1. Specification of paper substrate 
Paper type Thickness Surface 

A4 printing paper 80 gsm Smooth 

Whatman filter paper 80 gsm Rough 

 

 

Different grade of pencil has been chosen due to the difference in the percentage composite of 

graphite and clay in the pencil. The grade of pencils used for this study were 2B and 6B. The 2B pencil has 

74% of graphite while the 6B pencil has 84% of graphite. The 6B pencil grade was expected to give a better 

conductivity compared to 2B. As illustrated in Figure 1, the pattern design was drawn onto two types of 

paper which are A4 printing paper and filter paper using different graphite traces on the paper which is 2B 

and 6B pencil grade. The graphite traces on the paper acts as the sensing area for the detection of UV.  

 

 

 
 

Figure 1. Pattern design of the sensor 

 

 

The procedures for the preparation of graphite on paper are summarized as follows: 

a. The paper was cut into several pieces of square shape for different grade of pencil with dimensions of 

3cmx3cm. 

b. Different grade of pencils (2B and 6B) were used to draw the interdigitated pattern of graphitic traces 

on the paper that act as the sensing area. 

c. The thickness of graphitic layers drawn on the paper was manually controlled by constant hand pressure 

in applying the same number of pattern’s traces. 
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To determine the morphology of the graphitic layers in pencil and paper, the samples of 2B and 6B 

pencil traces were prepared and observed under VP-SEM. In order to increase the performance of the sensor 

in the detection of UV, ZnO was coated on the sensing area. For this purpose, the ZnO aqueous (100nm of 

particle size (TEM), ≤40 nm average particle size (APS), and concentration about 20wt% in H20.) supplied 

from Sigma Aldrich had been used. The 5μL of the ZnO aqueous was dropped on the sensing area by using 

micropipette and was heated using hotplate at 60˚C for 4 minutes to remove the remaining water from ZnO 

on the paper substrates.  
After the fabrication process has been completed, the measurement to determine the consistency and 

sensitivity of the sensor was conducted using Keysight B1500a semiconductor device analyzer. The Current-

Voltage characteristics (I-V) was measured at voltage from -5V to 5V. To determine the performance of  

the paper based sensor in the presence of light, the sample was placed in a box with dimension of 17cm 17cm,  

as shown in Figure 2. The experiment to determine the effect of light on the paper based sensor were conducted 

under three conditions: (i) dark, (ii) LED (=365nm) that act as UV source, and (iii) Laser source (=532nm).  
 

 

 
 

Figure 2. Measurement prototype for sample with presence of light source 

 

 

3. RESULTS AND ANALYSIS 

The morphology of the graphitic layers of different pencil grade (2B and 6B) were observed as 

shown by Figures 3 and 4 respectively. Based on Figure 5, the morphology of the paper was observed as  

the cellulose fibers structure which is useful to hold the molecules of ZnO in the adsorption-desorption 

process and able to increase the photoconductivity [15]. The performance of paper based sensor in terms of 

consistency and sensitivity are mainly affected by the type of paper and graphite grade used in  

the experiment. The relationship of current between different type of graphite and paper were measured.  

For the I-V characteristics which involved 2B and 6B pencil with different type of paper, the consistency and 
sensitivity were determined by the slope of I-V characteristics. By referring to Figure 6, the lower slope had 

produced a higher resistance. From the analysis between 2B and 6B pencil grade samples, the 2B had higher 

resistance compared to 6B. Hence, the higher conductivity could be achieved by 6B sample. 

 

 

 
 

Figure 3. SEM image for graphitic layers of 2B 

pencil trace 

 
 

Figure 4. SEM image for graphitic layers of 6B 

pencil trace 
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(a) 

 
(b) 

 

Figure 5. SEM image for morphology of filter paper at magnification of, a) 300x and b) 1000x 

 

 

Surface roughness of A4 printing paper and filter paper also would affect the performance of  
the sensor [26]. The I-V characteristics under dark condition for both A4 printing paper and filter paper 

samples were compared in Figure 6. Current fluctuation was observed in filter paper sample’s result.  

This occurrence could be due to the filter paper’s properties itself where it has more rough surface area 

compared to the A4 printing paper. A significant ripple in response’s result for both 2B and 6B pencil grade 

trace on the filter paper were obtained, which make it concluded that the sample was not suitable to be used 

as the sensor. In this case, the filter paper was seen as poor to act as substrate as it may deteriorate the overall 

performance of the sensor. 

Next, the performance of the sensor was expected to be by introducing the ZnO coating.  

The presence of ZnO would facilitate the adsorption-desorption process between the paper and  

the atmospheric oxygen [15]. In the three conditions where the experiment conducted, the resistance of  

the sensor in dark condition was the highest. Basically, the resistance varied and decreased when it was 

exposed to LED source. A greater current changes was observed when the samples were exposed to Laser 
source that had higher wavelength compared to LED. The comparison of I-V characteristics of the samples 

with and without ZnO coating on A4 printing paper can be observed in Figure 7. It seems that combination of 

A4 printing paper and 6B pencil grade gave a better result consistency compared to other combination and 

higher current response could be detected with the presence of ZnO coating on the samples. 

 

 

 
(a) A4 printing paper 
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(b) filter paper 

 

Figure 6. The I-V characteristics for 2B and 6B samples using  

 

 

 
(a) 2B pencil 

 

 

 
(b) 6B pencil 

 

Figure 7. The I -V characteristics of samples with and without ZnO coating on A4 printing paper  

using graphitic traces  
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4. CONCLUSION 

In this study, the fabrication of UV sensor by using environmental friendly materials has been implemented. 

The fabrication process of the sensor is easy and involves low cost of implementation. Different grade of pencil such 

as 2B and 6B has been used as the source of graphite to design the sensor. The design of the sensor used interdigitated 

electrode to increase the active area and sensing area. Thus, increase the conductivity of the sensor. Fabrication by 

using ZnO and paper shows a better conductivity compared to the fabrication without using ZnO. The better 

conductivity occurred due to the adsorption-desorption processed that occurred at the surface of the sensor with the 

atmospheric O2. From the I-V characteristics and time response obtained by using Semiconductor Device Analyzer, 

combination of A4 printing paper and 6B pencil grade shows a better result due to the smooth surface area compared 

to the filter paper and also due to the percentage of graphite in the pencil. 
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