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GaN thin films were deposited on silicon substrate (Si) by pulse laser deposition in a 

nitrogen atmosphere to use as a gas sensor for detection Ammonia (NH3) gas. Surface 

morphology of gallium nitride nano thin films were characterized by atomic force 

microscopy (AFM). The film appears homogenous and the distribution and grain shapes is 

nearly uniform. High density of nanostructure GaN was created as shown in field emission 

scan electron microscopy (FESEM) image. XRD measurement showed that GaN have a 

hexagonal structure. The elemental composition of materials was identified by use of 

Energy Dispersive X- Ray Analysis (EDX). The average concentration of nitrogen 

according to EDX analysis for the samples are increase with increasing number of laser 

pulses. Optical measurements were performed to measure the band gap by UV-visible 

spectroscopy. The gas sensitivity for NH3 gas were measured for fabricated gas sensor 

device as a function of concentration.  
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1. Introduction  
 

III-Nitrides semiconductors like GaN, InN and AlN, have attracted a large attention in 

optoelectronics devices including sensors and detectors, laser diodes (LDs) in ultraviolet and blue 

regions and light emitting diodes (LEDs)[1].  III-nitrides group of semiconductor materials as well 

revealed its excellent properties in chemical and physical inertness, mechanical and thermal stable, 

and thermal conductivity. It also has wurtzite crystalline structure and direct wide energy band gap 

[2]. The advantages related with large band gap involve high breakdown voltages, high 

temperature operation, it is abile to sustain big electric fields, and lower noise generation, these 

features make GaN which has a direct band gap of 3.4 eV, Suitable material for sensors that 

operate in harsh environments[3,4]. GaN thin films have been grown by different growth 

techniques such as molecular beam epitaxy (MBE), atomic layer epitaxy (ALE), and metal organic 

vapor phase expitaxy (MOVPE) which usually require high growth temperature and therefore high 

energy consumption [5-7]. However, good quality of GaN films were recently grown by pulsed 

laser deposition (PLD)[8]. In the past, this technique has been widely used to prepare high quality 

multicomponent oxide ceramics thin films. PLD is comparatively good growth technique and it 

has many advantages than other techniques like it's very simple to operate and doesn't require toxic 

or an expensive precursors. Growth of thin film may be achieved at relatively low substrate 

temperatures compared with other growth techniques [5,9]. GaN thin film can be deposit on 

various substrates, like Si, sapphire and glass[10-12]. The sapphire substrate is remain high cost. 

During this regard, this makes sapphire difficult to meet substrate requirement for growth of low-

cost and high- power of GaN based devices. Si is the more abundant elements onto earth, it has 

good semiconducting properties and excellent thermal conductivity, thus Si substrates able to 

overcome problems compared with sapphire substrate in GaN-based devices preparation [7]. At 

present, there is a large interest in the implementation of sensing devices to improve 

environmental and the safety control of gases [13]. In this work, gas sensor synthesized using 

GaN/Si thin films which fabricated by this simple technique and sensitivity of the fabricated gas 

sensor for NH3 gas have been studied. 
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2. Experimental part  
 

In this experiment, GaN layer was deposited on unheated n-type of Si (111) substrate by 

PLD technique at a pressure of 1×10
−1

 Torr as shown in Fig.1, to use as Ammonia (NH3) gas 

sensor. Si substrate was cleaned by alcohol and distilled water with ultrasonic bath, in order to 

remove the impurities. The targets used in PLD can be prepared by pressing GaN (purity of 99.99) 

in the powder form. A Nd: YAG pulsed laser in a wavelength with 1064 nm was focused on the 

target in repetition rate of 6 Hz. During deposition process, the energy of incident laser was 

preserved at 300 mJ/pulse. The annealing process was achieved at 600˚C for 30 minutes. Silver 

(Ag) metal contact was deposited on the GaN/Si surface by vacuum evaporation system to 

fabricate the gas sensor. A metal mask which consisting of set of holes was used for this purpose. 

 

 

 
 

 

 

 

 

 

 

 

 

Fig. 1. PLD system for thin films deposition. 

 
 

3. Results and discussion 
 

3.1. AFM analyses  

Topography of thin film prepared by pulse laser deposition studied by atomic force 

microscope. The film appears homogenous and the distribution and grain shapes is nearly uniform 

as shown in Fig. 2. The values observed of roughness and average grain size for GaN thin films 

are included in Table 1. It's clear that the increasing in roughness with increasing number of laser 

pulse. This is attributed to the increasing number of the pulses increases the thickness of this 

films[14], since the roughness is function of the layer thickness, roughness increases as thickness 

layer increases[3].  
 

 
Table1. Root mean square (rms) and Average roughness which calculated by AFM   analysis. 

 

 sample pulses  Number Sa (roughness 

Average)(nm) 

Sq (Root Mean 

Square)  (nm) 

a GaN/Si  300 7.4 8.55 

b GaN/Si 600 9.13 10.6 

c GaN/Si 900 14 16.1 
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(a)                                (b)                                        (c)  

 

Fig. 2. AFM images for GaN thin film deposit on Si (a) at 300   pulses (b) at 600 pulses (c) at 900 pulses. 

 

 
3.2. FESEM analyses 

Grain formation in GaN thin films which analyzed by FESEM. Morphology of the surface 

for GaN thin films is shown in Fig. 3, it can be observed that the grains are found to be with be a 

mixture of small and large structures, high density of nanostructured GaN was created as shown in 

Fig 3. From FESEM image which can be observed a cauliflower-like morphology, this result is 

agreement with [15], and good agreement with GaN nano thin film prepared via Plasma Enhanced-

CVD by M. Gholampour et al [16]. 

 

 
(a)                                                          (b) 

 

Fig. 3. Grains observed by use FESEM analysis GaN thin film deposit on Si (a) at 300 pulses (b) at 900 

pulses. 

 

3.3. XRD Analyses 

Fig. 4. showed that  XRD measurement  of GaN thin film grown by pulsed laser 

deposition on silicon substrate. The peaks in figure. 2, X- ray diffraction of GaN thin film. (a) at 

28.6273◦ was from the silicon substrate Si (1 1 1) and the peak at 32.639◦was from GaN (100), 

another peak at 64.2711◦ correspond to GaN (013), (b) at 28.6083◦ was from the silicon substrate 

Si(1 1 1) and the peak at 58.9845◦ was from GaN (110), therefore, our samples can be ensured to 

have hexagonal structure according to PDF 00-050-0792 card. Diffraction peaks subject to a small 

shift. This little shift may be consequent to tensile strain made by mismatch lattice between film 

and substrate [15]. 
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(a)                                                            (b) 

 

Fig. 4. X-ray diffraction GaN thin film deposit on Si (a) at 300 pulses (b) at 900 pulses 

 

 

3.4. EDX analyses 
EDX spectrum is utilized to confirm the composition of GaN thin films deposited on Si 

substrate.  The average concentration of nitrogen according to EDX analysis for the samples are 

increase with increasing number of laser pulses, where the ratio of Nitrogen atoms is 4.55% at 300 

pulses of laser and 9.03% at 900 pulses of laser. From the Fig. 5 There are oxygen impurities in 

EDX analysis, which may be introduced from air leakage [16]. 

 

     
(a)                                                                      (b) 

 

Fig. 5. EDX analyses of GaN thin film deposit on Si  

(a)  at  300 pulses,(b) at  900 pulses. 

 

 

3.5. Optical characterization   

The transmittance spectra for GaN thin films was showed in Fig. 6. It was showed that the 

transmittance of GaN thin films are decrease with increasing of number of pulses, and were 

transparent within visible ranges. Band gap value of GaN thin film is about 3.88 eV and 3.85 eV 

for 300 and 900 pulses respectively as showed in Fig.7. By use the relationship between the 

absorption coefficient (α) and photon energy (hv ) of the incident light, α2~(hv-Eg), energy band 

gap (Eg) for GaN thin film, a little bit larger than sooner experiment results[17] which is in 

agreement with the findings of other research[18]. 
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Fig. 6. Transmittance spectra of the GaN deposited film on Si 

 

 

 
 

Fig. 7. The direct band gap of GaN deposited film on Si 

 

 

3.6. Sensor measurement 

For the measurements of gas sensor, the device was placed within stainless steel chamber 

associate with inlet and outlet for gases. To determine potential for utilization GaN as gas sensor, 

GaN thin films resistance was measured on a hot plate at temperatures 50 °C. Fig. 8, showed that 

the resistance changes over time with concentration. When the device exposure to gas, sensor 

resistance decreases quickly with time and then it reaches a stable value. The stable value of 

sensors resistance, that corresponds with completion of the sensing process is named the value of 

equilibrium resistance [19]. Performance also depends on the operating temperature, the 

decreasing of the device resistance with increasing the temperature is a common property of 

semiconductors [20].Fig. (9), showed that sensitivity changes with concentration of NH3 gas. The 

sensitivity (S) for the gases is outlined by the form: 

 

S = (Ro – Rgas)/Ro                                                       (1) 
 

where Ro is that the device resistance before passing the gas and Rgas is the device resistance after 

passing it [21]. The results showed that the sensitivity of the device increased from 12.55213% to 
34.0566% with concentration of the gas from 500 to 1500 (ppm) respectively. The sensors ought 

to be ready to follow little changes in concentration with a quick dynamic response [22]. 
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Fig. 8. Resistance changes over time with gas. concentration 

 

 

 

Fig. 9. Sensitivity over gas  concentration  

 
 
4. Conclusions 
 

NH3 gas sensor was prepared by used GaN thin films which grown by PLD technique on 

substrates of Si (111), with a N2 atmosphere in PLD chamber growth. Effect of varying the 

number of pulses on GaN layer morphology is observed. With increasing the number of pulses the 

formations of structures are varying in shape and size. From FESEM image which can be observed 

a cauliflower-like morphology. EDX data revealed that, with increasing pulses the presence of the 

nitrogen (N) element, which means that N element began to appear within the surface. Sensitivity 

of GaN\Si gas sensor was increase as increasing the concentration of NH3 gas. 
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