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features of graphene enable precise detection of gases 
with very low concentrations. Chemical vapour deposi-
tion (CVD) is a convenient method to produce graphene 
in large scale with good layer characteristics for chemical 
gas sensor applications. The gas response mechanism of 
graphene based sensor devices is somewhat different from 
the metal-oxide based gas sensors. Besides the oxidising 
and reducing features of the target gas molecules during 
sensing the graphene films have certain other factors that 
make it attractive for chemical and bio-sensors. Of all the 
methods that have been previously employed to induce the 
n-type and p-type behaviour of graphene film, doping is a 
convenient technique [2]. However, the graphene film can 
also behave as an n-type or p-type material depending upon 
the substrate used for its synthesis. The n-type behaviour 
of graphene deposited on SiO2/Si substrate as reported 
by Romero et  al., may be due to easy electron transfer 
from SiO2 to graphene owing to the lower work function 
of SiO2 compared to that of graphene [3]. Sometimes the 
intercalation of graphene layer by suitable species can also 
be responsible for the change in conductivity type [2, 4]. 
Meng et  al. in 2013 reported ZnMg and NbCl5 intercala-
tion in the graphene sheet using two-zone vapour transport 
process resulting in the stable n-type and p-type doping 
respectively [2]. In 2011 Xue et  al. reported the prepara-
tion of n-type graphene by mixing CdSe quantum dots with 
pristine graphene, and p-type graphene by adding tetracya-
noethylene (TCNE) molecule on graphene surface [5]. In 
2013 Lao et al. reported FeCl3 intercalated graphene. Here 
the FeCl3 behaves as the electron acceptor (hole doping) 
[4]. Walter et  al. in 2011 reported the synthesis of p-type 
graphene over the SiC substrate via the fluorine interca-
lation [6]. Piazza et  al. reported the preparation of stable 
p-type graphene by the exposure of graphene to molecular 
oxygen at >140 °C [7]. In 2013 Song et  al. produced the 
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mance of the palladium–graphene junction (0.5–2.0% H2 
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Raman spectroscopy study with the as grown graphene 
films revealed the multilayer nature and the Pd–graphene 
planar structure showed a temperature dependent n- to 
p-type conductivity change in presence of hydrogen. Such 
a conductivity transition in presence of a reducing gas like 
hydrogen was experimentally studied in detail, and the 
hydrogen sensor results were correlated with the multilayer 
character of the graphene thin film, which induces hydro-
gen intercalation between the graphene layers.

1  Introduction

Development of chemical gas sensors using graphene thin 
films is very promising due to its robust nanostructure, 
very high carrier mobility, high temperature stability and 
high surface to volume ratio [1]. These unique excellent 
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stable homogeneous p-type graphene film by depositing 
ZnO thin film over graphene surface using MeV electron 
beam irradiation method [8]. Huh et  al. in 2011 showed 
n-type doping by decoration of the graphene film using 
gold nano-particles [9]. Rani et al. showed computationally 
the existence of p-type and n-type graphene by doping with 
Boron (B) and Nitrogen (N) atom respectively [10]. The 2D 
structure of graphene remains unaltered as the size of B, 
C and N are almost similar. As it is well known, the elec-
tron deficient character in B and electron rich character in 
N create different doping environments [10]. The reversible 
variation of n- to p-type conductivity is another interesting 
feature of the graphene film. In 2015 Tu et al. reported the 
detectable conversion of n- to p-type in reduced graphene 
oxide by thermal annealing [11]. The presence of electron 
acceptor groups and electron donor groups results in the 
p-type and the n-type behaviour of reduced graphene oxide. 
Kim et  al. in 2012 reported the n-type behaviour of gra-
phene upon exposure to hydrogen gas and this behaviour is 
more prominent with the increase in the number of layers 
in graphene film [12]. In 2016 Dutta et al. also reported the 
change in the type of conductivity of multilayer graphene 
film in presence of hydrogen gas [13]. A plausible mecha-
nism regarding this behavior was explained by H-atom 
intercalation [13]. Kumar et al. reported that the annealing 
for few hours using electric current results in n-type con-
ductivity of both monolayer and few layer graphene [14]. 
The n-type conductivity of graphene is due to the electronic 
charge transfer from the annealed SiO2 layer to graphene 
surface. They also reported that the conductivity changed 
to p-type with time. Jaaniso et al. reported on the synthe-
sis of graphene over the SiO2/Si substrate and the tempera-
ture dependent oxygen gas sensor response of the prepared 
graphene layer [15]. They further reported on the oxygen 
gas response of graphene with n-type conductivity at room 
temperature and p-type conductivity at higher temperature 
[15].

In this communication, we present the deposition of the 
graphene films on the SiO2/Si substrate at three different 

temperatures by using the atmospheric pressure chemi-
cal vapour deposition (APCVD) method. The nature of 
graphene layer was confirmed by Raman spectroscopy. A 
planar device configuration consisting of graphene film and 
two lateral Palladium (Pd) metal contacts was used to study 
hydrogen sensing in the temperature range 30–150 °C with 
different concentrations of hydrogen (0.5–2%) in air. A pos-
sible sensing mechanism has been discussed and correlated 
to hydrogen intercalation in the multilayer graphene.

2 � Experimental

2.1 � Graphene deposition

Graphene was deposited on the Cu-coated SiO2/Si dielec-
tric substrates by APCVD method [13, 16]. Mass Flow 
Controller (MKS type (M100B))/Mass Flow Meter (MKS 
Type (M10MB)) were used to control the gas flow rates 
with ±1% of set point accuracy.

A ~300  nm thick catalytic Cu film was deposited on 
the SiO2/Si substrates by electron-beam evaporation prior 
to graphene deposition. Then the Cu coated SiO2/Si sub-
strates were loaded into CVD chamber. High purity hydro-
gen (H2) to nitrogen (N2) gas ratio of 25:500 (SCCM) was 
maintained for 1-h to anneal the Cu metal film at the depo-
sition temperature before introducing methane (CH4) gas. 
The annealing of Cu metal makes it more flexible to facili-
tate the grain growth of graphene. A programmable tem-
perature controller was used to precisely control the growth 
temperature. Methane (CH4), was introduced into the reac-
tor along with H2 and N2 in the ratio 25:10:300 (SCCM) for 
graphene growth. CH4 flow was maintained for 8 min at the 
growth temperature and then it was stopped. The reactor 
was subsequently cooled down to room temperature. The 
samples were then taken out of the reaction chamber and 
the residual copper layer was etched off the substrates using 
1(M) ferric chloride (FeCl3) in 1(M) hydrochloric acid 
(HCl). Figure 1 clearly describes the sequence of graphene 

Fig. 1   Schematic of graphene synthesis over SiO2/Si substrates



13219J Mater Sci: Mater Electron (2017) 28:13217–13228	

1 3

growth over SiO2/Si. The synthesis ultimately ensures the 
deposition of graphene directly over the SiO2/Si substrate. 
The graphene film was deposited on the outer Cu surface 
and also at the Cu/SiO2 interface [17]. Three different tem-
peratures (900, 950 and 1000 °C) were selected for the 
growth of graphene.

2.2 � Characterization

Raman spectroscopy was used to study the layer character-
istics (multilayer character and defects) of the CVD grown 
graphene films and the hot probe method was employed to 
determine the type of electrical conductivity of the grown 
graphene films.

2.3 � Formation of sensor device and electrical contacts

Palladium (Pd) metal contacts of dimension 
(2 mm × 2 mm) and thickness 0.2 µm were deposited over 
the graphene surface using e-beam evaporation technique 

after careful masking for the fabrication of a Pd–gra-
phene–Pd planar structure. Fine copper (Cu) wire and the 
silver paste were used to complete the electrical contacts. 
The simple schematic of the sensor structure used in this 
study is presented below (Fig. 2).

2.4 � Sensor setup and measurements

The stainless steel gas transmission lines fitted with the 
mass flow controllers and the mass flow meters (Digi-
flow, USA) are connected to the Corning glass sensing 
chamber placed coaxially inside a resistively heated fur-
nace with a 4 cm constant temperature zone [18]. A tem-
perature controller (with ±1 °C accuracy) coupled with 
a copper constantan thermocouple is used to control the 
temperature of the chamber. High purity hydrogen (H2) 
99.998%; methane (CH4) 99.99%; nitrogen (N2) 99.99% 
and air [(oxygen  ~19.5–23.5%, nitrogen  ~ 76.5–80.5%)] 
were used for the sensing experiments. A mixing cham-
ber was used to mix the carrier gas and the test gas uni-
formly prior to introducing into the sensor chamber. The 
current–voltage characteristics were measured using a 
Keithley Pico ammeter & voltage source (Model 6487, 
M/S Keithley Instruments). A schematic of the sen-
sor setup is presented in Fig.  3. The sensor measure-
ments were repeated with different samples obtained 
from the same batch of the grown graphene films and 
we obtained ~2% variation in the sensor results showing 
a small non-uniformity of the graphene layer grown by 
CVD in our laboratory.

Fig. 2   Schematic diagram of sensor device

Fig. 3   Schematic diagram of 
gas sensing assembly
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3 � Results and discussions

3.1 � Raman spectroscopy

Raman spectroscopy has been used to detect the presence 
of defective carbon networks in the deposited graphene lay-
ers [19–21]. Figure 4 displays the Raman spectra of the gra-
phene films grown at three different temperatures (900, 950 
and 1000 °C), characterized by the presence of a peak close 
to 1332 cm−1 (the D peak), of a peak close to 1590 cm−1 
(the G peak) and a further one, also known from literature 
the 2D one, which varies with the growth temperature from 
2650 to 2623 cm−1.

The D-peak at 1332 cm−1 is considered in literature to 
arise from the presence of defects, consisting of vacan-
cies and structural distortions of graphene sheets [19]. The 
defects may include the vacancies and/or the distortion of 
graphene sheet that lead to the non-uniformity [22]. The 
G-peak indicates, instead, the presence of sp2 hybridized 
carbon atom. The 2D mode is a second order D mode and 
its intensity is dependent on the number of layers present in 
the graphene sample [21, 23]. Since the ID/IG peak inten-
sity ratios give information on the defective nature of the 
grown films, their values have been measured to hold 1.7, 
1.4 and 1.6 at 900, 1000 and 1100 °C growth temperatures. 
The variation of this ratio indicates the variation in defects 
and quality of the films. ID/IG ratio intensity decreased from 
1.7 to 1.4 as the growth temperature was increased from 
900 to 950 °C but at 1000 °C it increased to 1.6. The prob-
able explanation is the formation of more defects and the 
increase of graphene layers at higher temperature. Defects 
increase the surface adsorption of hydrogen and so the 
increase of gas response. As the graphene growth is accel-
erated at higher temperature due to the supply of higher 
thermal energy, more carbon atoms are deposited on the 

substrate. Both ID/IG and I2D/IG intensity ratios attribute 
to the higher defect and higher number of graphene lay-
ers of the sample grown at 1000 °C. Other researchers also 
reported the quality of their prepared graphene films by cal-
culating the ID/IG and I2D/IG intensity ratios [22–24]. Huang 
et al., reported the I2D/IG intensity ratio of about 1.15 and 
confirmed the presence of multilayer framework [23]. In 
our study, the I2D/IG intensity ratio are 0.61, 0.26, and 0.42 
for the graphene samples grown at 900, 950, and 1000 °C 
respectively indicating the multilayer framework of grown 
graphene films.

3.2 � Hot probe measurement

Hot Probe is a fast and convenient technique to determine 
the type of conductivity of a semiconducting material. Hot 
Probe measurements performed on the graphene samples 
revealed the n-type conductivity of the samples at room 
temperature. The change to p-type conductivity in pres-
ence of hydrogen mixed with air during the sensor meas-
urements was determined by I–V characteristics, and is dis-
cussed in the subsequent section.

3.3 � Hydrogen sensor study

The planar device was exposed to different concentrations 
of hydrogen (0.5, 1.0 and 2.0%) in air. The relative response 
was calculated as the ratio of change in current in presence 
of hydrogen mixed with air (Ig −  Ia) to the initial current 
in air at a constant voltage and is presented as [{(Ig − Ia)/
Ia}v × 100], where Ig is the current in presence of hydro-
gen mixed with air and Ia is the current in air. The response 
time of the sensor was calculated as the time taken by the 
sensor to reach 90% of its saturation value upon exposure 
to hydrogen mixed with air and recovery time was calcu-
lated as the time corresponding to the decrease of the sen-
sor response by 90% of its saturation value after the hydro-
gen supply was cut off [18].

The I–V characteristics of the Pd/graphene junction 
were measured in air and in 2% hydrogen mixed with air 
for all the three graphene samples (G1, G2 and G3) depos-
ited by CVD for 8 min at three different temperatures.

G1: Pd/graphene junction with graphene film grown at 
900 °C.

G2: Pd/graphene junction with graphene film grown at 
950 °C.

G3: Pd/graphene junction with graphene film grown at 
1000 °C.

The sensor studies were carried out in the temperature 
range 30–150 °C. Transition of the type of electrical con-
ductivity was observed at a particular temperature during 
sensing. The transition was determined from the I–V stud-
ies, and it was further verified from the transient studies. 

Fig. 4   Raman spectroscopy of graphene grown at a 900 °C, b 950 °C, 
and c 1000 °C with 8 min CH4 flow
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It was interesting to observe that the graphene film grown 
at relatively low temperature (900 °C) manifests the transi-
tion close to room temperature during sensing but the tran-
sition temperature increases for the graphene films grown 
at higher temperatures (950 and 1000 °C). Figures  5, 6, 

and 7 present the I–V curves for G1, G2, and G3 samples 
respectively. G1 sensor sample shows distinct p-type con-
ductivity from 40 °C onwards. Basically the decrease of the 
device current in presence of hydrogen gas indicates the 
p-type behaviour of graphene sample. Although as grown 

Fig. 5   I–V characteristics of 
the G1 sample in air and in 2% 
H2 mixed with air at different 
temperatures (p-type response 
from 40 °C during hydrogen 
sensing)

Fig. 6   I–V characteristics of 
G2 in air and 2% H2 mixed with 
air at different temperatures 
(n-type to p-type inversion at 
50 °C during hydrogen sensing)



13222	 J Mater Sci: Mater Electron (2017) 28:13217–13228

1 3

G1 is n-type conducting at 30 °C (obtained from hot probe 
data), it shows distinct p-type response with the increase in 
temperature (~40 °C) during sensing. It is worth mention-
ing here that the G1 samples were not responsive to hydro-
gen near 30 °C. I–V study of G1 performed in the tem-
perature range 40–100 °C is shown in Fig. 5. The graphene 
film prepared at 900 °C has less number of layers which is 
responsible for early p-type response. This is further dis-
cussed in the subsequent section to suggest the mechanism 
of sensing.

For G2 sample no response was found at 30 °C and the 
response at 40 °C was weakly n-type. But it shows dis-
tinct p-type response from 50 °C and above. This is clearly 
revealed from the I–V studies of G2 (Fig.  6) performed 
in the temperature range 40–100 °C. The current starts to 
decrease in presence of hydrogen gas from 50 °C and we 
obtained the p-type gas response. The shift of the n-/p-tran-
sition to higher temperature for G2 can again be attributed 
to the larger number of layers (more multilayer character) 
in graphene.

I–V characteristics of G3 samples, shown in Fig. 7, dis-
play the initial response to be n-type at 30 °C because the 

current increases upon exposure to hydrogen in air. When 
the sensing temperature is raised to 125 °C the current 
starts decreasing upon exposure to hydrogen in air. This 
signifies that the n-/p-transition occurs in the temperature 
range 100–125 °C.

The repeated cycle measurements and the transient 
response of the graphene sensors were performed in the 
temperature range 40–100, 50–100 and 30–150 °C for G1 
(shown in Fig. 8), G2 (shown in Fig. 9) and G3 (shown in 
Fig. 10) samples respectively using different H2 concentra-
tions mixed with air.

The repeated cycle measurements reveal the reproduc-
ibility of the response pattern at a particular temperature. 
The sensor parameters calculated from Figs. 8, 9 and 10 are 
presented in Fig. 11. It can be noted that all the graphene 
samples (G1, G2 and G3) show increase in gas response 
with the increase in hydrogen gas concentrations in air 
from 0.5 to 2%. This can be due to increase in the surface 
adsorption because of higher hydrogen partial pressure.

The response time for G3 sample is low (i.e. faster 
response) on either side of the n- to p-transition tempera-
ture range (100–125 °C). This can be correlated to the gas 

Fig. 7   I–V characteristics of G3 in air and in 2% H2 in air at different temperatures (n-type to p-type inversion at temperature >100 °C during 
hydrogen sensing)
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adsorption at a particular operating temperature. In this 
temperature zone, the % response normally maximizes 
and the time of response is minimized due to fast adsorp-
tion. At the optimum temperature the adsorption is very 
high, because the active surface of the device can trap 

maximum number of gas molecules in a very short time 
period. As a result, the current saturates quickly and the 
magnitude of current change is large. So, the % response 
is high and the time of response is short. Beyond the opti-
mum temperature the effect of desorption dominates the 

Fig. 8   Repeated cycle and 
transient responses for different 
hydrogen concentrations mixed 
with air with G1 sample

Fig. 9   Repeated cycle and 
transient responses for different 
hydrogen concentrations mixed 
with air with G2 sample
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adsorption phenomenon and the current stabilizes after 
relatively longer time due to the competitive effect of 
adsorption and desorption occurring almost concurrently. 
Hence the time of response increases.

Such an optimization of the response parameters is 
clearly observed in both n- and p-sides of G3 sample. 
The observed p-side response was faster than the n-side 
response and it further increased with the increasing tem-
perature. This is due to the fact that the p-type activity 
is prevalent at relatively higher temperature, which pro-
vides sufficient thermal energy for enhanced adsorption 
and relatively quick current saturation. Hence the thermal 
energy mainly governs the speed of response. For G1 and 
G2 samples, the n-side temperature range is negligibly 
small. Hence the optimization of the response param-
eters is observed on the p-side. Also for G1 and G2, the 
p-side optimization occurs within a small temperature 
range 40–100 °C. Beyond 100 °C the hydrogen response 
deteriorates. Therefore, the G1 and G2 category samples 
are good for low temperature sensing and G3 sample is 
excellent for high temperature applications.

Our earlier study showed excellent stability and good 
selectivity of Pd/graphene/Pd sensor structure for hydrogen 
in presence of methane, another reducing gas [13].

The hydrogen sensing results of Pd/graphene/Pd planar 
structures at different temperatures are presented in Fig. 10. 
Hot probe measurements at room temperature confirmed 
n-type electrical conductivity of all the graphene sam-
ples, G1, G2 and G3. Our hydrogen sensor results indi-
cate a transition from n-type to p-type conductivity with 
the increasing sensing temperature and in the presence of 
hydrogen. However, this transition occurs at much lower 
temperatures for the graphene samples (G1 and G2) grown 
by CVD at 900 and 950 °C and at higher temperature for 
the sample (G3) grown at 1000 °C. This may be directly 
related to the multilayer character of the graphene samples 
and the hydrogen intercalation, which is proportional to 
the increase of multilayer nature. Since the n-/p-transition 
temperatures for G1 and G2 are almost near the room tem-
perature we did not observe any hydrogen response near 
room temperature. Therefore, the sensor parameters have 
been plotted from 50 °C. For G3 sample grown at 1000 °C 

Fig. 10   Repeated cycle and 
transient responses for different 
hydrogen concentrations mixed 
with air with G3 sample
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the n-/p-transition occurs at the temperature >100 °C and 
therefore we could show the sensing parameters for both 
n-type and p-type conductivity. From the plots it is appar-
ent that the % response, response time and recovery time of 
the G3 sample with p-type conductivity are most favoura-
ble at 150 °C. It is also worth mentioning that the graphene 
samples grown at 900 and 950 °C could not sense hydro-
gen above 100 °C and the devices were deteriorated. So, 
it appears from our study that CVD grown graphene can 
sense hydrogen in air at low temperature and also at high 
temperature depending upon the temperature of deposition 
of the graphene thin film. However, further study is neces-
sary to find out the exact mechanism of such behaviour.

3.4 � Sensing mechanism

Normally, the reason for increase in current is due to reduc-
tion in work function of palladium (Pd) metal after dissolu-
tion of H-atom into the Pd-bulk. This leads to the lowering 
of the Pd/graphene interface barrier and an easy electron 
transfer to graphene thereby increasing the current in pres-
ence of hydrogen gas [18, 25]. In this study G1 and G2 
graphene samples with n-type conductivity did not show 
any hydrogen gas response at 30 °C. However, they showed 

p-type conductivity and hydrogen gas response character-
istics at 40 and 50 °C. But for G3 graphene samples we 
observed n-type conductivity and hydrogen response in the 
temperature range 30–100 °C.

A single layer graphene is reported to have a work func-
tion of 4.55 eV [26], and this work function value decreases 
with the increase of the multilayer characters of graphene. 
However, with Pd contact, the work function of graphene is 
∼4.62 eV [27]. This work function (∼4.62 eV) of palladium 
contacted graphene is expected to vary (i.e. decrease) with 
the increase in the number of layers of the graphene matrix.

Our samples show increasing trend in the multilayer 
character with the increase in CVD growth temperature 
[28]. For instance, G1 samples (grown at 900 °C) have 
less number of layers than G2 (grown at 950 °C), and G3 
(grown at 1000 °C). Hence, it can be said that G1 should 
have the highest work function (say ∼4.62 eV) among the 
three. Considering the work function of Pd (∼5.12 eV), G1, 
G2, and G3 graphene films should form Schottky contact 
with palladium. We observed that the CVD grown gra-
phene samples are n-doped due to the effect of SiO2/Si sub-
strate with the work function of SiO2 less than graphene [3]. 
Therefore, upon hydrogen adsorption, the work function of 
Pd decreases thereby reducing the work function difference 

Fig. 11   Response time, % response, and recovery time for hydrogen sensing (1% H2 in air) with the CVD grown graphene samples at different 
temperatures
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between graphene and palladium, and thus lowering the 
interface barrier for all the three samples [Fig.  12]. As a 
result, the current increases, and a Pd/n-graphene device is 
supposed to show n-type hydrogen response.

The conductivity transition of graphene from n-type to 
p-type during hydrogen sensing has been reported in our 
earlier study [13] and various mechanisms have been dis-
cussed. According to our present experimental results, the 
intercalation of the graphene layer, starting at a particular 
temperature, can possibly be the dominating phenomenon 
responsible for the reversal of n-type character. Basi-
cally, intercalation by hydrogen refers to the temporary 

isolation of the graphene layer from the substrate due to 
presence of hydrogen atoms at the interface (Fig.  13). 
This leads to the trapping of generated electrons by the 
interface oxygen radicals and hence the p-type behavior 
is observed [13]. As a matter of fact, thermal energy and 
interfacial oxygen states play the most important role in 
this intercalation phenomenon. And both these parame-
ters vary with the multilayer character of graphene. For 
instance, amount of hydrogen required to purge the inter-
face of perfect monolayer graphene is relatively lower 
than that required for a defective multilayered structure.

Since gas adsorption is a temperature controlled phe-
nomenon the intercalation for monolayer graphene may 
happen at lower temperature than that for defective mul-
tilayer graphene, where higher adsorption requires rela-
tively higher operational temperatures and a large number 
of hydrogen atoms can be made available at the interface. 
We have confirmed from Raman spectroscopy, AFM and 
TEM that the multilayer character of graphene increases 
with increasing CVD growth temperature in the order 
G1 < G2 < G3 [28].

The required temperature to have intercalation and 
p-type behavior in G1 should be relatively lower than 
G2 and G3 in the order G1 < G2 < G3. Therefore, we 
obtained p-type hydrogen response from 40, 50, and 
>100 °C for G1, G2, and G3 samples, respectively. This 
implies that the interface energy band alignment due 
to this inversion of the type of electrical conductivity 
starts changing from these temperatures. Upon hydro-
gen adsorption, the work function of Pd decreases and 
the work function difference between graphene and pal-
ladium increases, leading to the increase of the interface 
barrier for G1,G2 and G3 samples (Fig. 11). As a result, 
the current decreases and the p-type hydrogen response is 
observed at the Pd/graphene interface.

Fig. 12   Interface band shift of Pd/graphene junctions due to hydro-
gen intercalation (фPd and фG are workfunctions of palladium and 
graphene respectively; EC, EF, and EV are energy levels correspond-
ing to conduction band, Fermi level, and valence band respectively)

Fig. 13   Intercalation phenomenon in the graphene layers of the sensor devices in hydrogen ambient (t °C is the minimum temperature at which 
intercalation starts)



13227J Mater Sci: Mater Electron (2017) 28:13217–13228	

1 3

4 � Conclusion

Hydrogen sensing by multilayer graphene films grown 
by CVD is a complex phenomenon which could be 
explained taking into account the hydrogen intercala-
tion in the multilayer graphene structure along with the 
thermodynamics and kinetics of gas adsorption/desorp-
tion processes, and the kinetics of charge transfer through 
the metal-graphene interface during p-/n-transition. Our 
experimental observations reveal that the hydrogen sens-
ing temperature of CVD grown graphene thin films is 
related with the multilayer character, which is a function 
of CVD growth temperature. In this study an attempt has 
been made to explain the hydrogen sensing behaviour of 
the graphene samples grown by chemical vapour deposi-
tion at three different temperatures. Based on our obser-
vations and interpretations of the experimental results we 
may come to the following conclusions;

1.	 CVD grown graphene film on SiO2/Si dielectric sub-
strates can be a promising material for hydrogen sens-
ing at different temperatures.

2.	 Transition of the electrical conductivity of graphene 
from n-type to p-type in presence of hydrogen controls 
the hydrogen sensing characteristics.

3.	 Intercalation of hydrogen in the layer structure of gra-
phene during sensing plays a vital role in the sensor 
response.
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