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Abstract 
A 2D model of a SAW sensor is simulated using a variety of Inter Digitized Transducers (IDT) 
materials, with IDT heights varying from 100 to 150µm. Surface acoustic wave production 
depends critically on IDT. An additional amplification polymer layer is added to the SAW sensor's 
design to increase the sensor's sensitivity. Nanomaterials can enhance the device's functionality.  
To examine the sensor, Finite Element Modeling (FEM) is performed. The sensor's performance 
in relation to frequency is analyzed for deflection, electric potential, hydrogen gas, and noise. IDTs 
are made of copper, aluminum, and gold. Copper performs better than the other materials in terms 
of operating frequency at a minimum IDT height. The sensor's operating frequency is 355 MHz, 
and its displacement is 10 nm. With copper having the largest displacement and aluminum having 
the lowest displacement, the sensor's operating frequency remains constant for all materials. The 
sensor demonstrates a good agreement between the simulated operating frequency and the 
theoretical operating frequency. Hydrogen gas is also tested on the sensor at concentrations 
ranging from 1 ppm to 100 ppm. The sensor's reaction to the concentration of hydrogen has been 
linear. Calculations are made regarding the sensor's group velocity and phase delay. Group velocity 
and power spectral density are metrics that are used to express the phase noise of the sensor. 
Keywords: SAW sensor, Deflection Analysis, Nanomaterials, Mass loading, White phase Noise,  
                Flicker phase Noise.                              
 
1. INRODUCTION 
SAW sensors became the centre of dynamic research in numerous fields but are not restricted to 
gas sensing, biomedical applications, automobiles, signal processing, and communications [1]. 
SAW sensors are passive devices since they do not require an external power source to function. 
Because of this nature SAW devices can be used in wireless applications in a harsh environment. 
The operating frequency of the saw devices varies from a few MHz to many GHz [2]. The SAW 
sensor mainly consists of a piezoelectric substrate, sensing layer, and two IDTs. The two IDTs are 
wrapped within a sensing layer and placed above the piezoelectric substrate. Out of two IDTs, one 
acts as an input IDT is called transmitter, and the second output IDT is called the receiver. At the 
transmitter IDT, electric signal gets converted to an acoustic signal and at the receiver, the acoustic 
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signal once again gets converted into an electric signal [3]. The acoustic signal is defined by its 
amplitude, frequency, and phase.  The acoustic signal generated at the transmitter propagates over 
the sensing layer and experiences a change in its characteristics because of the sensing layer's 
electrical and Mechanical properties and the piezoelectric crystal properties. Deposition of analyte 
over the sensing layer allows for the analysis of the SAW sensor with a delay line structure that 
alters frequency. The analyte that is thusly deposited may be a biological agent, a gas, or a chemical 
solution. This study tests the SAW sensor for hydrogen gas. The presence of hydrogen gas results 
in a delay in the velocity of the SAW waves created on the surface, changing their frequency. The 
sensing layer's characteristics have an impact on the frequency shift as well. Numerous materials, 
such as composites, metals, semiconductor metal oxides, and polymers, can be deployed as sensing 
layers. Metal oxide semiconductors are the most often employed materials in the field of gas 
sensing because they have free electrons on their surface that interact with reducing or oxidative 
gas molecules. The design in the paper is concentrated with ZnO as sensing layer. This paper's 
design focuses on using ZnO as a sensor layer. One of the most promising materials in theField of 
sensors and optoelectronics is ZnO, an N-type II-IV, Wide and direct bandgap semiconductor with 
an approximate 3.37 eV and a substantial excitation binding energy (60 meV). Additionally, ZnO 
has a reasonably simple synthesismethod that enables structure control and produces oxygen 
vacancies, both of which have benefits for sensors that adsorb gas molecules. ZnO has also 
garnered interest for its affordability, simplicity of manufacture, excellent chemical stability, 
potential for doping, lack of toxicity, and ease of processing. ZnO guarantees a sizable specific 
surface area and permits gas molecules to enter the material's volume, which is very advantageous 
for SAW sensor detection. Another way to enhance ZnO sensor characteristics and get the best 
sensitivity is by creating heterostructures and functionalizing them with metals like Au, Pd, or P. 
 
2.DESIGN OF THE PROPOSED SENSOR 

 
Figure 1.Front View of Proposed sensor. 

    The outline of the proposed sensor is shown in Figure 1. A two-dimensional SAW sensor is 
constructed with a lithium niobate (LiNbO3) piezoelectric substrate, sensing layer with ZnO and 
additional polymer layer Details of the proposed sensor's structure is given in Table 1. 
 

Table1. Structural details of the proposed sensor 
S.No Name of the 

component 
Dimensions 
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1. Piezoelectric 
substrate 

2000µm×200 µm 

2. Inter Digitated 
Transducers 

2.5µm×140µm 

3. Sensing layer 2000µm×100µm 

4. Spacing between 
electrodes 

2.5µm 

5. Pitch 100µm 

6. Anchor length 920 µm 

7. Anchor width 5 µm 

8. Anchor spacing 10 µm 

9. polymer width 100 µm 

10. polymer height 130 µm 

Lithium niobate is chosen for its high electromechanical coupling coefficient given in Equation 1 
to strengthen the SAW wave generated at the surface of the sensor with high bandwidth [4, 5].  
 

 
                 (1) 

The electromechanical coupling coefficient K^2 is a function of metal phase velocityV_m, free 
surface phase velocity V_f.Ihe piezoelectric material constants used for simulation are shown in 
Table 2. 

Table 2. Constants of piezoelectric material 
S.No. Name of the constant  Constant notation Value  

1. Elastic constants 
[Pascal] 

c11 
c12 
c13 
c14 
c33 
c44 

2.02 
0.573 
0.752 
0.085 
2.424 
0.595 

2. Piezoelectric 
constants 

[C/m3] 

e15 
e22 
e31 
e33 

3.69  
2.5 
0.3 

1.77 
3. Permeability 

constants 
ε11 
ε13 

45 
29 

4. Density[kg/m3] ρ 47000  

 
 The arrangement of IDTs is shown in Figure 2. The anchor arrangement initiates the production 
of an acoustic wave due to the interaction between the electrostatic field of capacitance and the 
alternating electric field applied at the IDTs. Figure 3 shows the field distribution and acoustic 
wave generation at the IDT [6,7]. However, the net capacitance is the sum of individual 
Capacitance offered by the IDT pairs. IDT is the heart of the SAW sensor. The material used for 
IDT is one of the key factors affecting the sensitivity of the sensor. IDT can be constructed with a 
variety of materials like copper, silver, aluminum, platinum, and gold [8-10]. 

f)/VmVf2(V2 K
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Figure 2. Structure of IDTs 

The IDTs are provided with alternating potentials the electric field induced in the IDTs affects the 
electric field of the sensing layer. Hence, the deflection of the SAW sensor is a function of the 
physical and electrical properties of the IDT materials. The material constants of different IDT 
materials are given in Table 3. 

 
Figure 3. Field distribution at the IDTs 

  
Table 3. Constants of various IDT & sensing layer materials 

 
  
 
 
 
 
 
3.MATHEMATICAL MODELING OF PROPOSED SENSOR 
   The significant parameters governing the SAW sensor is operating frequency, surface electric 
potential and total capacitances of IDT. The operating frequency of the SAW sensor is a function 
of acoustic velocity V and operating wavelength λ expressed in Equation 2. 
 

   
The acoustic velocity of the SAW sensor depends on the young modulus ɛ and ρ density of the 
piezoelectric substrate expressed in Equation 3. 

Parameter Aluminum Gold Copper ZnO 
Density(Kg/m3) 2710 19300 8960 5610 
Young’s 
modulus(Gpa) 

70 117 121 210 

Poisson’s Ratio 0.35 0.34 0.34 0.358 
Shear  Modulus 
(Gpa) 

26 48 44 
68 

Bulk  Modulus (Gpa) 76 140 154 144 
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The wavelength is also expressed in terms of the geometry of the SAW sensor i.e. width of IDT 
W_eand spacing between IDTs W_sp  expressed in Equation 4. In this construction the spacing 
between IDTs is considered 5 µm, the width of the electrode is 5µm with λ as 20 µm. 
 

         
The generated acoustic wave propagates over the sensing layer with a deflection expressed in terms 
of stress given in Equation 5 and electric displacement given in Equation 6. The stress (T) 
developed on the surface of the sensor with electric displacement (d) is a function of dielectric, 
strain matrix, dielectric and piezoelectric matrix (ε) [11]. Equation 7 shows the total capacitances 
of IDTs as a function of operating frequency ƒ0 and impedance of IDT pair Z. The bandwidth of 
the sensor is the function of the number of IDTs wrapped within the sensing layer. The sensor is 
constructed with 92 pairs of IDTs on either side of the sensing layer. 
 

 (7) 
 
The functional relationship between operating frequency and the number of IDT pairs is given in 
Equation 7. Ct is the total capacitance of the IDT. f_0  is the operating frequency of the sensor. Z 
is the impedance of the IDT pair. The arrangement of IDTs resembles parallel plate capacitors 
supported with two anchors on the top and bottom [12,13]. Gas sensing is one of the most 
significant uses for SAW sensors. The mass of sensing layer changes due to the selective molecule 
adsorption. It is caused by the external gas, chemical mixture, and foreign particles that are 
deposited over it. Expression 8 shows that the frequency shift of the sensor is a function of the 
mass of the sensing layer and acoustic velocity, the mass-loading effect of the sensing layer causes 
a change in frequency. 

 
M is the mass of the sensing layer, A is the area of the sensing layer, and F_0 is the center 
frequency. K is the material's coefficient of mass sensitivity. 

         According to expression 9, the sensing layer's 
mass and acoustic velocity affect the sensor's frequency shift. Here, F  is the frequency shift, F_(0 
)is the center frequency, V  is the change in acoustic velocity. 
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4. RESULTS AND DISCUSSION 
   The presented two-dimensional sensor is constructed in comsol multiphysics using electrostatics 
and piezoelectric studies. The electrostatics is used to set the boundary lines for the sensor with 
longitudinal periodic limits and zero potential at the surface and base of the sensor. Electrostatics 
is used to apply alternating floating and zero potentials to the IDT pairs [14-16]. Piezoelectric 
studies help in defining coupling coefficients, elastic coefficients, dielectric constants, and 
piezoelectric coefficients causing electric and piezoelectric charge conversion over the 
piezoelectric substrate and sensing layer. A specific list of materials is contained in the Comsol 
software's material database. The database contains the materials used to build the sensor layer and 
the piezoelectric substrate. Since polymer is not included in the Comsol material list, it can be 
added by including the necessary parameters, such as young's modulus, poisons ratio, and relative 
permittivity. The additional material may be deposited on the structure. The 2D designed sensor 
is shown in Figure 4. The sensor is meshed with fine mesh particles shown in Figure 5. Figure 6 
depicts the formation and spread of SAW waves over the sensor's surface. The SAW wave is quite 
distinct, with alternating tough peaks and crests over the surface. The highest peaks in the sensing 
layer correspond to the region's maximum deflection. 
4.1. Analysis of sensor 
   The behavior of the sensor is investigated for deflection analysis with frequency, the effect of 
IDT height on the deflection, and deflection analysis for different IDT materials [17-20]. 
4.1.1 Deflection Analysis  
    In this study, performance of the sensor is examined for aluminum, copper, and gold. Figure 7 
shows the displacement response of three materials at 100µm. The density of IDT is one of the 
key parameters affecting the deflection of the sensor. Among these three materials, aluminum has 
low density and gold has high density. A fractional change in the density of IDT causes a change 
in the mass density of the sensing layer which in turn affects the electric field produced over the 
surface of the SAW sensor. From Equation 5 it is evident that deflection of the sensor is a function 
of the electric field produced over the surface of the sensor. 

 
Figure 4. Proposed sensor construction. 

 
In addition to the physical parameters, electrical parameters like electrical conductivity also 
influence the deflection of the sensor. Out of three materials, copper has the highest electrical 
conductivity and aluminum has the lowest electrical conductivity. 
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Figure 5. Meshing of sensor. 
 
In the present simulation work, the operating frequency of the sensor is 355 MHz with the highest 
displacement for all the three IDT materials. This operating frequency is in close approximation 
to the theoretical calculations. 

  
Figure 6. SAW wave propagating on the surface of the sensor. 
The sensor has a second deflection peak at 378 MH4z with a magnitude less than that of the first 
peak. Among the three materials copper has shown the highest deflection at 100µm of IDT height 
with a peak deflection of 9.98nm. Poor density and young’s modulus of the aluminum signifies 
the low deflection at the operating frequency. As though the density of gold is very high compared 
to copper and aluminum its deflection peaks are moderate at two frequencies because of its 
moderate electrical conductivity and moderate young’s modulus among three materials. 

 
 Figure 7. Deflection Analysis of proposed sensor. 
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4.1.2 Analysis of Electric Potential 
      Figure 3 clearly shows the electric field distribution in the sensing layer. The sensing layer 
withholds the IDTs and a polymer layer for amplification of deflection. The electric potential 
developed over the surface of the SAW sensor is a function of the electrical properties of 
constituents of the sensing layer. The electric potential amplification in the sensing layer for the 
proposed sensor is clearly shown in Figure 8. The alternating floating and ground potentials offered 
at the input and output IDTs are justified by the potential distribution. Figure 9 shows the electric 
potential distribution of the sensor. ZnO is one of the best available metal-oxide-based 
semiconductors with bio-compatible properties. ZnO is highly influenced by its doping materials. 
ZnO with piezoelectric material doping behaves as an insulator and with n-type doping material 
becomes a pure conductor. With the characteristics of an insulator and conductor ZnO is said to 
be a metal-based semiconductor with dual compatible properties. 
 

  
Figure 8.  Electric potential distribution of proposed sensor. 
The three IDT materials are trivalent acceptor P-type impurities. The recombination between 
acceptor impurities and ZnO results in the formation of n-type material leading to a change in 
electric conductivity over the surface of the SAW sensor. The increasing order of electric 
conductivity of three IDT materials is aluminum, gold, and copper. 

  
Figure 9.  Electric potential distribution of proposed sensor. 
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Higher conductivity is due to low resistance causing low electric potential. Aluminum has the 
highest electric potential to low electrical conductivity and copper has low electric potential with 
high electric conductivity and vice-versa. 
4.2Study of IDT Material as a function IDT Geometry 
  IDT geometry is also one of the foremost specifications influencing the performance of the SAW 
sensor. The IDT is geometry is governed by width, height, and spacing between IDTs. This study 
also focused on the IDT geometry by increasing the height in steps of 10µm from 100µm to 
150µm.  
 

  
Figure 10.  Structure of single pair IDT. 
 
Figure 10 shows the structure of single pair IDT with anchors. From equation (3) it is very clear 
that the wavelength of the acoustic wave is a function of the width of the electrode and the spacing 
between the electrodes. The height of the electrode is an integral multiple of the wavelength of 
acoustic waves like 5λ, 10λ, 15λ, 20λ,… etc. With the increase in the height of the IDT, the strain 
over the surface of the sensor increases affecting the electrical conductivity [24-26], with the 
decrease in the electrical conductivity the deflection of the sensor decreases. The maximum 
deflection of the sensor is obtained at the minimum IDT height for all three materials. 
 
4.2.1 Deflection of Aluminum 
   Aluminum occupies 8.1 percent of the earth’s crust. Being the 13th element in the periodic table 
it is light in weight and durable in functionality. It is a donor impurity that donates an electron. On 
other side of the sensing layer, zinc oxide is a semiconductor group with a band gap of 3.37eV.  
Figure 11 shows the deflection analysis of aluminum for different IDT heights [27-28]. The 
deflection is studied with varying IDTs height from 100µm to 150µm in steps of 10µm. The pattern 
of deflection at all heights is consistent, however the magnitude decreases as IDT height increases. 
This inverse relationship results from the SAW wave's magnitude decreasing as IDT height 
increases. The interaction between aluminum and ZnO leads to displacement reaction causing a 
change in electrical conductivity Aluminum IDTs with increasing heights in reaction with zinc 
oxide in the sensing layer to affect the deflection in reducing factor. 
These IDTs obtained maximum deflection in order of 8nm with an operating frequency of 355 
MHz The second response peak is very less at 378MHz because of the displacement reaction 



 
 
 

11314 

Ann. For. Res. 65(1): 11305-11322, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 
 

© ICAS December 2022 

effect. The response of the sensor at all the IDTS heights is similar with zero deflection at minimum 
and maximum frequencies. The response is quite good in the mid-band frequencies from 300 MHz 
to 400 MHz.  
 

  
Figure 11.  Performance of aluminum with varying IDT height. 
 
4.2.2 Deflection of Gold 
  Gold is one of the precious metals belonging to the donor impurity with high thermal and 
electrical conductivity. ZnO can be doped to various metals leading to different reactions like 
oxidation and reduction action. The interaction between ZnO and gold leads redox reaction. Figure 
12 shows the performance of gold IDT With the increasing heights from 100µm to 150 µm with 
increment of 10µm. Among the three materials used for IDT construction, the gold has moderate 
density and young’s modulus indicated the change in the electric  

  
Figure 12. Performance of gold with varying IDT height. 
 
conductivity is moderate with the changes in physical parameters The stress that is created by 
hydrogen gas deposition over the sensing layer causes an acceptable change in electric 
conductivity, which in turn influences the deflection on the sensor's surface. As IDT height rises, 
the crest and tough of the SAW wave are suppressed, which lowers the peak of deflection. The 
deflection of the sensor is in order of 9nm at the operating frequency and the second peak is in 
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order of 7nm with the frequency of 378Mhz. Gold shows an average deflection at the second peak 
because of its physical and chemical behavior. 
 
4.2.3 Deflection of Copper 
    Like silver and gold, copper belongs to the same group in the periodic table. Copper is colorless 
being a part of donor impurity as that of other IDT materials. Copper has high thermal and low 
resistivity leading to better electric conductivity. Figure 13 shows the response of copper IDT with 
varying heights of IDT. Copper has a high young's modulus along with high bulk and shear 
modulus with moderate density compared to the other two metals. ZnO on other hand is a reducing 
agent that interacts with copper leading to a redox reaction. The redox results in a drastic change 
in electrical conductivity over the surface of the sensor. The IDT geometry,material and sensor 
layer characteristics determine the SAW wave's magnitude.The SAW wave's crest and tough are 
reduced as IDT height increases, bringing down the peak of deflection The peak of deflection of 
copper is in terms 10nm with operating frequency of 355MHz. Copper shows variant behavior 
than aluminum and gold because of its high conducting nature. The second peak of copper has a 
close approximation to the first peak. 

  
Figure 13. Performance of copper with varying IDT height. 
 
4.3 Performance of Different Materials 
    Figure 11, 12 and 13 show the deflection of different IDT materials with varying heights of IDT.  
Three different materials are used for construction; gold shows the linear deflection with the height 
of IDT. This linearity is because of the electrical (conductivity) and physical (density, bulk, and 
shear modulus) parameters of gold. Aluminum and copper have a slight deviating nature at the 
mid-height of IDT due to fluctuating physical and thermoelectric proprieties. 
4.4 Response of the Sensor to Hydrogen Gas 
    Hydrogen gas is combination of two H molecules with covalent bonding between them. 
Hydrogen is odorless gas and color less gas with affinity towards oxygen. Hydrogen is released as 
a result of the thermochemical reaction and fuel combustion. When hydrogen levels are exceeded, 
respiratory issues can become fatally extended for long periods of time. Therefore, it is crucial to 
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detect hydrogen gas. The sensing layer is constructed with ZnO which is a semiconductor material, 
whose characteristics changes with external gas. Deposition of hydrogen gas over the sensing layer 
causes leads to change in the mass of the sensing layer. Figure 14 shows the concentration of gas 
verses deflection of the sensor.  

  
 Figure 14. Deflection Analysis of the sensor with hydrogen gas. 
The mass of the sensing layer is affected by changes in gas concentration across the sensor's 
surface, which has an impact on how much the SAW wave deflects over the sensor's surface. The 
SAW sensor's deflection decreases as the sensing layer's mass grows due to increased surface 
tension. Expression 9 clearly states the relationship between changes in mass with respect to 
frequency. Figure 15 shows the variation of frequency with respect to concentration of hydrogen 
gas. 
The mass loading over the surface of the sensing layer and the gas concentration have a linear 
relationship, which results in a linear relationship with the change in frequency. 

 
 Figure 15.  Frequency Analysis of the sensor with hydrogen. 
Figure 16 shows the variation of frequency shift with the concentration of the gas. Due to the linear 
relationship between the mass loading effect and frequency shift, the relationship between 
frequency shift and gas concentration is linear. Among the three materials, copper has low-
frequency shift and aluminum has the highest frequency for hydrogen gas. Despite having a low 
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density compared to the other two IDT materials, copper's high young's modulus reduces the 
impact of mass loading. 

 
 Figure 16.  Frequency analysis of the sensor with hydrogen gas. 
4.4 Noise Analysis of the Sensor 
   Noise is defined as random variations in the sensor output brought on by unrelated variations in 
the input. Noise in SAW sensor is due to the additive fields developed by the IDT’s, mass loading 
effect and electric potential of the sensing layer [30-34]. The electric field produced by the IDT's, 
which varies with the material of the IDT and the mass effects of gas, causes delay in the phase 
and velocity of the SAW signal. 
 
Table 4. Summary of sensor operating parameters 

Specification Value 
Length of the delay line L=100µm 
Acoustic wavelength λ=10 
Center Frequency Fo=344.8MHz 
Frequency shift Δf=6.55 MHz 
Phase velocity Vψ= Fo λ=3488m/s 
Phase delay Ƭψ=L/ Vψ=28.66ns 
Phase slope of delay 
line 

Δψ/Δf=-13.5 rad/MHz 

Group Delay 
Ƭg= Δψ/(Δf 2Π)=2.126 

sec 
Group velocity Vg=L/ Ƭg=47 µm/s 
Electrical sensitivity 2Π Ƭg=13.35 rad/MHz 

  
This results in phase delay of the signal causing random fluctuations on the surface of the SAW 
sensor. Hence the noise signal of SAW sensor is function frequency of the sensor. The different 
noises experienced by the SAW sensor are white phase noise and flicker phase noise. The SAW 
wave's phase changes as a result of the frequency of the sensor, which causes flicker phase noise. 
White phase noise is produced by amplification stages of flicker phase noise. History shows that 
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the SAW sensor's noise is represented by the power spectral density of phase fluctuations S_Ψ (f) 
with always n≤4.The noise function of SAW sensor is given in Equation 10. Table 4 shows the 
sensor functional parameters with its specific values. The S_Ψ (f) denotes the noise function, b is 
the magnifying parameter of SAW sensor and  F is operating frequency of the sensor. 
 

    if0
ni ib) f (S                   (10)    

For n=0 and n=-1 denotes white phase noise and1/f represents flicker phase noise. Figure 17 shows 
the power spectral density of phase fluctuations as a function of frequency. The power spectral 
density is expressed in terms of dB rad2/Hz.                                                                      
          

  
Figure 17.  Power spectral density of phase noise 
 
At higher frequency the spectral power density is almost stable. Phase noise can be eliminated 
using phase noise suppression function shown in Figure 18. The phase noise suppression function 
is shown in Equation 11. It is a function of operating frequency f and group delay T_g.  
 

(11) 

 
 Figure 18. Power Spectral Density of Phase Noise 
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Phase delay and phase velocity has to be minimized to minimize phase noise. The Noise of the 
proposed sensor is in and around -6dB to -13dB. The phase noise is almost remains constant at 
low frequency and till fluctuating in the mid frequency and stable at high frequency as the sensor 
goes saturated.  
 
5. CONCLUSION 
    A two-dimensional SAW sensor with an amplification layer is designed using Comsol 
multiphysics. The behavior of the sensor is studied for various IDT materials like aluminum, gold, 
and copper with varying heights of IDT from 100µm to 150µm. The response of the sensor is 
studied for deflection, operating frequency, deflection for varying IDT material, and deflection for 
varying IDT height. The operating frequency of the sensor is the same for all the materials and all 
heights of IDTs as the width of the IDT and spacing between the IDT remain the same. The 
operating frequency of the designed sensor is 355MHz with maximum deflection. The three 
materials used for IDT are donor impurities belonging to the same group in the classification of 
metals. All the three materials interact with the dual behavior ZnO sensing layer leading to 
reducing and oxidation reactions causing a change in electrical conductivity at the surface of the 
sensor. From the material behavior it is very clear that copper has high conductivity and aluminum 
with low levels. For the proposed sensor copper IDT has shown the highest deflection at the 
operating frequency. All the three materials obtained a second response peak at 378MHz with a 
deflection less than that of the first peak. The sensor is also studied for varying heights of IDT. 
The response of the sensor is good at minimum IDT height rather than higher heights of IDT. With 
the increase in the height of IDT, the stress over the surface of the sensor increases decreasing the 
electric conductivity on the surface of the sensor. With three different IDT materials and varying 
IDT heights, the response of copper IDT at minimum IDT height is good compared to the other 
responses of the sensor. From the response, it is clear that the deflection is in increasing order of 
aluminum, gold, and copper. The response of the sensor to hydrogen gas is proportional to its 
concentration. In the presence of hydrogen gas, copper has demonstrated a low frequency shift 
from the working frequency. Despite having a moderate density, copper has a high enough Young's 
modulus to lessen the impact of mass loading on the sensor's surface.  
The noise fluctuations in the sensor are analyzed and recorded. The mass loading effect on the 
sensor's surface, the phase, velocity delay caused by IDT's field dispersion accounts for the sensor's 
noise. SAW sensors are prone to white phase noise and flicker phase noise. The phase noise in the 
sensor is expressed as power spectral density function expressed in terms of dB rad2 /Hz. The 
power spectral density plot clearly shows that the phase noise remains constant with a value of 
3.5x10-15 rad2/Hz at high frequency. Phase noise suppression is the key factor to suppress the 
phase noise. The phase noise suppression is function of group phase delay. By minimizing the 
phase delay and velocity delay phase noise can be suppressed. 
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