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Abstract 

Amorphous carbon nitride (a-CNx) thin films were deposited by low temperature radio frequency plasma enhance chemical vapor 
deposition (RF–PECVD) technique. The effect of substrate temperatures on chemical bonding composition and its humidity sensing 
properties were studied. The chemical bonding composition of the a-CNx thin films was characterized using Fourier transform infrared 
spectroscopy (FTIR) and its sensing properties was determined using a home built humidity sensor system. All samples show the 
presence of C-N, C = C, C = N, C≡N, C-H and N-H / O-H bonds, which are the corresponding bonds present in a-CNx thin films. In 
this study, high content of C=N, C≡N, C-H and N-H bonds in a-CNx thin film increases the sensitivity of the a-CNx thin film to 
humidity. At the optimum substrate temperature of 100℃, the sample exhibits highest sensitivity, fast response (23 s) and fast recovery 
time (19 s). 
Keywords: FTIR, Relative Humidity, Resistance, Sensitivity. 

1. Introduction 

Nowadays, humidity sensing measurement is important for various applications in everyday life such as for industrial 
process control, food storage, medicine and healthcare. Commercial humidity sensors are usually made of polymer with 
dye-coating techniques. Although the technique is cheap and concise, it is difficult to produce a micro-sensor on a 
semiconductor substrate that can operate at high temperatures [1]. To overcome this problem, researchers began to shift 
studies from polymer-based materials to ceramic materials [2, 3]. However, the production of ceramic materials is in the 
form of bulk. In order to produce small-sized humidity sensors, researchers began looking for other alternatives by 
producing sensors from thin films using carbon-based materials [4]. Carbon-based materials are cheap, environmentally 
friendly and can operate at high temperatures. Among the carbon-based materials, amorphous carbon nitride thin film (a-
CNx) attracts current researchers due to its response to humidity and its applications in the electronic field [5, 6]. 
 
Currently, most developed humidity sensors have been commercialized according to changes detected by material sensors 
such as resistance, capacitance, electromagnetic and gravimetry. Resistor-type humidity sensors are commonly used because 
they have small size and are easily produced [7]. Additionally, the advantages associated with resistance humidity sensors 
are having a better and faster response than other sensors of humidity. Humidity sensing characteristics such as repeatability, 
reliability and rapid response to relative humidity should be dedicated in producing quality and high-performance humidity 
sensors as well as being produced at low cost [8, 9].  The use of a-CNx material as a resistive humidity sensor is believed to 
produce humidity sensor devices that have good features in addition to being fit and safe to use in everyday life. 
 
The production of carbon-based thin films are usually attained from physical vapor deposition (PVD) such as magnetron 
sputtering techniques  [10] and chemical vapor deposition (CVD) deposition such as plasma-enhanced CVD (PECVD). In 
this study, PECVD technique is used to produce a-CNx thin film because of its homogeneous deposition, high deposition 
rates [11] and low substrate temperatures [5]. This technique also has the advantage of producing a good film adhesion and 
uniform film thickness on a substrate. Besides that, it also produces flawless and hollow-free films as compared to other 
techniques [12]. In this study, acetylene (C2H2) gas is used as a hydrocarbon precursor gas because its unsaturated bonds 
facilitate the process of reacting with nitrogen during the deposition. The use of this gas as a precursor gas is expected to 
increase the content of C = N, C≡N, C-H and N-H in the deposited a-CNx thin films. The bond plays a very important role 

177 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 6 Issue 11, Novemb 

er 2019  

ISSN (Online) 2348 – 7968 | Impact Factor (2019) – 6.248 

www.ijiset.com  

in humidity sensing properties of a-CNx thin films so it is expected that the resulting sample will have higher efficiency as 
humidity sensor 

2. Experimental Method 

In this study, the a-CNx thin films were deposited in a PECVD system and the schematic diagram is shown in Figure 1, 
using C2H2 and N2, as precursor gas. Both gases were mixed prior to admission into deposition chamber at a fixed flow rate 
of C2H2 at 20 sccm and N2 at 50 sccm.  The films were deposited at various substrate temperatures of 80, 100, 120, 150 
and 180 ℃ at RF power of 80 W for 45 min. The deposition pressure and electrode distance, were fixed at 0.8 mbar and 1 
cm respectively. The chemical bonding composition was investigated by Fourier Transform Infrared (FTIR) spectroscopy. 
The humidity sensing properties were characterized using a home build humidity sensor system. The interdigitated silver 
(Ag) electrode was deposited onto the a-CNx thin film using RF magnetron sputtering technique [5]. 
 

 

Fig. 1  Schematic diagram of deposition chamber in RF-PECVD system. 

3. Results and Discussion 

3.1 Chemical Bonding of a-CNx Thin Films 

Figure 2 shows the FTIR spectrum of a-CNx thin film deposited at different substrate temperatures. The vibration band at 
the 1350 - 1400 cm-1 wave number range indicates the C-N bond. While at the range of 1400 - 1500 cm-1 and 1500 - 1500 
cm-1 wave numbers show the bonding modes of C=C and C=N respectively. In this study, C=C and C=N bonds are more 
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dominant than C-N bonds. Nitrogen diffusion causes a stronger component breakdown of C=C and C=N bond which 
contributes to the formation of a-CNx film. From the figure, a-CNx thin films deposited at 100 ℃ showed the highest C-N, 
C=C and C=N peaks intensity compared to other samples. The formation of C=N bonds in a-CNx thin films is due to the 
bombardment of N+ ion during deposition. However, at high temperatures, the formation of N+ ions decrease because of 
their tendency to form C2N2 molecules [13] and the effects of erosion and etching by hydrogen. Thus, in this study, it is 
found that the intensity of bond C=N decreases when the temperature is increased over 100 ℃.  
 

 

Fig. 2  FTIR spectra of a-CNx thin films at different deposition temperatures. 

All samples show the presence of C-N, C = C, C = N, C≡N, C-H and N-H / O-H bonds, which are the corresponding bonds 
present in a-CNx thin films. Sample deposited at 100 ℃ showed that the C-N, C=N, C≡N, C=C and N-H peaks were highest 
compared to other samples. Transmission intensity decreases when the deposition temperature is increased above 100 ℃. 
This indicates that, in this study, the optimum deposition temperature of a-CNx thin film with highest C-N, C=N, C≡N, C=C 
and N-H bonds composition is at 100 ℃. There were significant and drastic changes in the FTIR spectrum for a-CNx thin 
films as the deposition temperature increased from 80 ℃ to 100 ℃. This occurs when there is a structural change due to the 
addition of nitrogen into the film as reported by Ferrari et al. [14]. 
 

3.2 Humidity Sensing Properties of a-CNx Thin Films 

The humidity sensor test system was used to study the sensitivity of the a-CNx thin film sample deposited at different 
substrate temperatures (80, 100, 120, 150 and 180 ℃). In this study, the response of a-CNx thin film as humidity sensor is 
examined in relative humidity (RH) of 9% to 89% RH. The characteristics of a-CNx thin film such as repeatability, 
sensitivity, response and recovery time as well as its stability as a humidity sensor were studied. 
 
3.2.1 Repeatability 
The electrical response of a-CNx thin film deposited at different substrate temperatures with an interval of 4 minutes is 
shown in Figure 3. Overall, all samples show good response and repeatability to different RH. The figure also shows the 
maximum and minimum resistance values that can give a sensitivity value to each sample. Generally, the sensor mechanism 
of a thin film a-CNx humidity sensor involves the absorption of water molecules in the air causing a thin film resistance of 
a-CNx to decrease when RH values increase. 
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Fig. 3  Dynamic response of the a-CNx thin film deposited at different substrate temperature to different RH level, 9-89%. 

 

3.2.2 Sensitivity 
The difference between the maximum and minimum resistance values giving different sensitivity values for each sample is 
tabulated in Table 1. From the table, sample deposited at substrate temperature of 100 ℃ shows the highest sensitivity of 
81.3%. 

 
Table 1: Electrical response (maximum and minimum resistance) and a-CNx humidity sensitivity at different substrate temperature. 

 
Substrate 
temperature 

( ) 

Resistance (dry), Ro 
(MΩ 0.01) 

Resistance (humid), Rh 
(MΩ 0.01) 

Sensitivity, S (%) 
S =  

80 6.78 14.48 53.17 
100 6.55 35.10 81.33 
120 6.44 15.82 59.26 
150 6.76 16.44 58.85 
180 6.43 16.67 61.46 

 
 

3.2.3 Response and recovery times  
Figure 4 (a) shows the response time (τresponse) and (b) the recovery time (τrecovery) measured by the sample 
deposited at the substrate temperature of 100 ℃. Response and recovery time is measured for 240 s (4 minutes). From the 
figure, the response time is 23 s while recovery time is 19 s. The durations were considered as fast response and fast 
recovery time.  
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(a) 

 

 
(b) 

 
Fig. 4  (a) Response (drying process) and (b) recovery times (moisturizing process) of the a-CNx as a function of relative humidity (9-89% RH). 
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3.2.4 Stability 
Short-term stability test of a-CNx thin film as a humidity sensor were done on samples deposited at substrate temperature of 
100 ℃ and is shown in Figure 5. Based on the figure, the change of resistance was observed for 40 min under different 
humidity conditions repeatedly every 5 minutes. As seen, resistance of the sensor is almost unchanged in the measurement 
process. This condition proves that an a-CNx as humidity sensor has excellent short-term stability. 
 

 

Fig. 5  Short-term stability of a-CNx thin film at different RH on samples deposited at substrate temperature of 100 ℃. 

3.3 Influence of Chemical Bonding Composition on Humidity Sensing Properties 

Figure 6 shows the sensitivity of the sample with the C=N, C≡N, C-H and N-H bonds content in the samples deposited at 
different substrate temperatures. Based on the figure, the sensitivity of the samples to the humidity depends on the content of 
C=N, C≡N, C-H and N-H bonds. The content of these bonds contributes to the sensitivity of the sample as a humidity 
sensor. However C-H bonds have less influence on sensitivity than other bonds. In this study, the sample deposited at 
substrate temperature of 100 ℃ is optimum in terms of sensitivity as humidity sensor with highest C=N, C≡N, C-H and N-
H bonds content in the sample. 
 

 
(a) 
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(b) 

 
Fig. 5  The correlation between a-CNx thin film sensitivity with the intensity of (a) C = N and C≡N bond, and (b) C-H and N-H bond 

4. Conclusions 

The a-CNx thin film has been successfully deposited at different substrate temperature using hydrocarbon precursor of 
C2H2 and N2. All samples show the presence of C-N, C=C, C = N, C≡N, C-H and N-H / O-H bonds, which are the 
corresponding bonds present in a-CNx thin films. The sample deposited at 100 ℃ has highest content of C=N, C≡N, C-H 
and N-H bond with the highest sensitivity to humidity of 81% accompanied by fast response and recovery time. From this 
study, it shows that the C=N, C≡N, C-H and N-H bonds play an important role in improving the performance of a-CNx thin 
films as a humidity sensor. In addition, these factors also play a role in enhancing resistance response and shortening both 
response time and recovery of sensor humidity device. 
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