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abstract                           
       
In this paper, an example of a rectangular microtreatment of a head is shown under torsional 

conditions, in which length, width, thickness, height and distance between the piezoelectric layer 

under the influence of the frequency of frequency amplification and frequency sensitivity are 

investigated and discussed. Is. In this study, for the first time, the microtower vibrational motion 

analysis in the role of the sensor of gases in the excavation of tunnels is investigated and the effect 

of absorption of these gases on the microtight vibrational behavior is studied. To analyze this 

vibrating microcircuit, considering that it can be a fluid and air environment, the fluid environment 

is continuous and much larger than the microtreatment dimension, and the fluid is a Newtonian 

type with constant viscosity and an incompressible flow. Given the prevailing assumptions about 

this type of fluid, the equation of motion of a microtower is torsionally vibrational in a viscous 

fluid assuming Euler-Bernoulli. Before obtaining the quality coefficient of a torn vibrating 

microtreatment in a viscous fluid, first, the quality coefficient of a vibrational system under the 

mean burst is obtained according to the resonance frequency equation (by solving the equation of 

motion), and to obtain the coefficient of quality, first, The kinetic energy, potential energy, total 

energy and energy dissipation per cycle in the stable state system should be calculated, as well as 

the frequency spectrum obtained by the torsional deformation in terms of natural frequency. 

 

Key words: 
Micro-electromechanical systems, micro-sensors, vibration, torsion, piezoelectric, coefficient, 

frequency sensitivity. 
 

Introduction 

 
Chemical sensors are often used to identify chemicals, especially for the detection of organic gases. 

The basis of these sensors is that the chemical reactions between adsorbed gases and sensor 

surfaces change the resistance at lower sensor levels. Carbon nanotubes [20], [21], and polymer-

based chemical sensors, metallic nanowires [1] or nanowires, thin metal oxide films [2], wires [17], 

[18], or particles [19] 23] Examples of adsorbents used in these sensors. Because these sensors 

react to the electrical properties of adsorbents, this limits the flexibility of the sensors. As a result, 

most of the results are not specific or selective chemical sensors; therefore, a large number of 

adsorbents and sensors are needed to create a pattern for specific identification. Resonance sensors 

include quartz crystal gravity (QCM) [24] - [27], surface acoustic waveforms (SAW) [28], [29],  
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and Microtower sensors [30]. These resonators are vibrating and vibrating with a natural frequency. 

If the external object is connected to the sensor surface, the resonance frequency will change. For 

example, QCM is very sensitive to changes in thickness at the surface, so that any change in the 

thickness of 3 angstroms causes a change of 5 Hz at the resonance frequency. The mass change can 

be achieved by changing the thickness. However, the sensor is susceptible to objects that are not 

two-dimensional (like particles or stains). The detection rate of these sensors is relatively high due 

to its flat geometry and its large surface. Although QCM is not very sensitive, it is well-developed 

and easily customizable. Therefore, it can be used to validate a small change in mass in a particular 

process. Like QCM, SAW also operates on radio frequencies. Its higher frequency (about 100 

MHz) shows a better sensitivity than QCM [29] and is used for chemical evaluation studies. 

However, both QCM and SAW are in centimeters, which does not make them suitable for making 

multiple detection arrays. Following the introduction of microtubes as a new measurement method 

in the 1990s, [31] its numerous applications have been proven in the chemical, biological, and 

biomedical fields [32]. These microtoops are used to identify chemical and biological agents. The 

receptors are widely used at the microscope to combine the target chemical molecules, DNA, 

protein molecules, or bacteria. 

 

problem statement 

  
Microtowers have several advantages over other techniques. Microtowers have high sensitivity, 

low cost, no need for labeling, versatility and fast response. Microdermabrasion has been proven as 

a new measurement method in the 1990s for its use in chemical, physical, biological and 

biomedical fields. These microtubes are used to detect chemical and biological agents on microtiter 

surfaces to bond chemical molecules The target, DNA, protein molecules, or bacteria are widely 

used. Chemical sensors are often used to detect chemicals, in particular to detect organic gases. The 

basis of these sensors is that the chemical reactions between adsorbed gases and the sensor surface 

will alter the resistance at the lower levels of the sensor [1]. Metallic nanoparticles or nanowires, 

thin films of metal oxides, wires or particles, carbon nanotubes and polymer-based chemical 

sensors are examples of adsorbents used in these sensors. A chemical sensor is a sensory receptor 

that detects certain chemical stimuli in the environment [2]. The primary part is a chemical or 

biological sensor of its sensor element. The detector is in contact with a detector. This element is 

responsible for identifying and bonding to the desired species in a complex sample [3]. The 

detector then converts the chemical signals generated by the binding of the sensor element to the 

desired type into a measurable output signal [4]. Chemical sensors include a sensing layer that 

generates an electrical signal due to the interaction of the chemical species (analyte) with this layer 

[5]. Then this signal is amplified and processed, so the operation of the chemical sensors consists of 

two main steps: detection and amplification. In general, the device that performs this process is 

called a chemical sensor. This device collects information about the chemical composition of your 

operating environment and transmits it to the processor as an optical or electrical signal. The 

simplicity of using these sensors has led to their use in a variety of applications [6]. Chemical 

sensors in clinical chemistry are used to control the causes of diseases, such as diabetes, to detect 

and detect specific gases, such as oxygen and carbon monoxide. These sensors are also used to 

determine the amount of environmental pollutants, control and process of food industries and 

chemical gases from the industry and construction work [7]. Construction works include dam, 

airport, road, railway, tower, tunnel, telecommunication towers, buildings, etc. In this section, the  
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gases emitted during drilling in the tunnels are investigated [8]. It is important to pay attention to 

the safety of the tunnel under normal and emergency conditions. The tunnels being built in the 

Zagros region, especially in the west of the country, are exposed to hydrogen sulfide, a very toxic 

and dangerous gas, as well as high solubility in water [9]. Generally, the dangerous gases in the 

digging of underground spaces and tunnels are made up of four main types of hydrogen sulfide 

(H2S hydrogen sulfide gas in shallow groundwater, chemical bacterial degradation of 

environmental materials and in anaerobic environment), methane (methane gas) Carbon dioxide 

(CO 2 gas) is commonly found in underground spaces due to bacterial chemical degradation under 

aerobic conditions [9] [10]. Often, this phenomenon occurs in the geothermal system (Earth Heat) 

due to the phenomenon of magnetism (molten rocks), thermal decomposition of carbonates And 

also from the dissolution reactions between acidic waters and carbonates) and the fossil fuel vapor 

separates. In the absence of hazardous gases, providing air and reducing the concentration of 

pollutants at a safe level, and in the presence of these gases, reducing the concentration of 

dangerous gas (s) plays a decisive role. The source of these gases can be geochemical, biochemical 

or a combination of these factors. Knowing the source of hazardous gas and its transfer factors to 

drilling space is one of the important factors in determining control methods [11]. Hazardous gases 

can carry out mining and construction operations such as tunnels, shafts and similar underground 

craft. These gases are released due to underground activities and the production of hydrostatic and 

hydrostatic pressures. Depleted gases may be combined with air and produce flammable, poisonous 

or strangulated compounds [11] [12]. Methane, hydrogen sulfide, and carbon dioxide, which are 

generally produced from tectonic biological processes, are among the most dangerous gases in 

digging underground spaces. In addition, vapors from gasoline and diesel engines, which are 

produced by inadequate machinery in the underground, are dangerous. These gases can penetrate 

into subterranean spaces (at depths less than 1000 m) and cause explosions, burns, poisoning or 

strangulation of underground personnel [1] in less than a minute. Hydrogen sulfide can be detected 

in the air with a sense of smell (smell like roughened eggs) even at very low concentrations (0.001 

to 0.1 parts per million), however, people's smell is felt within 2 to 25 minutes And then it can not 

be detected.The physiological effects of these gases can be detected by a specific odor at various 

concentrations of 0.1 to 1 ppm. Concentration of 5 ppm. Boundary toxicity. 5-100 ppm. Short 

burning in the eyes and respiratory system. Headache after 15 minutes. This discharges gas, 

200ppm burning nose and throat, 500ppm eye inflammation, nasal discharge, cough, palpitations, 

fainting, 600ppm chest pain due to scratches of the respiratory system, death possibility, 700ppm 

depression, coma, death probability , 1000ppm Paralysis of the nervous system leads to rapid death. 

Hydrogen sulfide is absorbed not only by breathing but also by skin contact with its water. This gas 

is explosive in the range of 3.4% (LEL) and 45% (UEL) volumes, as well as at the time of burning 

it, it produces a very toxic gas, sulfur dioxide (SO2) [13] , [14]. As soon as the gas enters the 

tunnel, sufficient air should be provided for immediate dilution of methane gas to a safe level. 

Methane is flammable when mixed between 5 and 15 percent of the gas is mixed with air. The 5% 

limit is a low explosion and methane density is not explosive. The amount of 15% is the upper limit 

of the explosion, and the gas mixture at a density above this limit is not explosive, but if blended 

with more air, it can be exploded. In the event of exposure to gas, the lack of capacity of chemical 

sensors and ventilation threatens the work of the tunnel [15]. The design, installation and proper 

operation of the system of chemical sensors and temporary ventilation can, in addition to 

eliminating all the above problems, provide the proper working conditions within the tunnel. Each 

method has advantages, limitations and disadvantages that should be considered when choosing 

them for use in a tunnel. The lack of a chemical sensor for timely identification lowers the 

downstream speed and creates bad working conditions for staff and machines in the tunnel. This  
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issue in carbonated tunnels may also lead to explosions. Several bursts of methane and hydrogen 

sulfide have occurred in many places, which has caused Zabadi's physical and financial losses [15],  

[16]. 

 

Equations 

 
The sensitivity is defined as the ratio of the output signal to the input quantity being measured. For 

a dynamical mode sensor based on microelectromechanical systems, mass sensitivity is the ratio of 

the magnitude of the resonant frequency change to the mass change mass, which is expressed as 

such. 
(1                                                                                             )                         fr,i  

 

The resonant frequency is related to the vibration modulus. The resonance frequency and the mass 

are related to the microtree and also to the membrane (measurement layer). The mass inertia and 

inertia of the membrane are assumed to be small compared to the microtree. 
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The change in the resonant frequency is obtained by using a chain rule and its relationship is this.    
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The right terms of equation (3-66) are related to the change in the resonant frequency due to the 

rotational inertia change, hardness, damping ratio, and the inertial hydrodynamic torque per unit 

length. Generally, the hard variations, damping ratio and inertia torque per unit length are 

insignificant, so the change in the resonant frequency is mainly due to rotational inertia change. 

Since mass and inertial rotational inertia changes are related only to the membrane, which is the 

sensor of the sensing, the sensitivity and frequency variation are rewritten in opposite directions. 
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Here, Mf and Jp, f are respectively the mass and polar anchor of the cross-sectional membrane. The 

membrane is supposed to be divided on the surface of the microprint of the address layer and 

divided into two identical components, as seen in figure (1). Although it may not be practical  

 

 

 

 

 



 

 

 

 

Hakim Sabzevari 
 University 

 

 
5

th

 National and 1
th

 International Conference 

    On Cement Industry and Oncoming Horizon 

Tehran/Iran 10-11 November 2019 

www.cnf.hsu.ac.ir/cement2019              5 

 

 

 

because of the difficulty of the membrane, it is considered as a general case. Because the anchor of 

the central component level is negligible; consequently, as a result of replacing the central 

component with the middle gap, sensitivity increases. The mass and polar anchor of the cross-

section of this membrane are determined in opposite directions. 

 

 
Figure (1) Membrane geometry (yellow) and microtree 
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Here, ρf, d and hf are density, gap in width direction and thickness of membrane. The adsorption 

analyzer is assumed to only change the membrane density; it does not cause deformation and 

membrane size. Therefore, changes in mass inertia and inertial rotation of the relation are obtained. 
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The greater the thickness or membrane split, the greater its sensitivity. While improving sensitivity 

is possible by increasing the thickness of the membrane for microtubes acting in transverse, lateral 

or longitudinal modes, but improvement in sensitivity by increasing the gap is only valid for 

microtitudes with torsional vibration. If the membrane thickness is assumed to be much less than 

the beam and there is no gap in the membrane, the sensitivity relationship is summarized as 

follows. 

(11                                                                                         )     
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This equation always estimates the mass sensitivity to be slightly less than actual. Mass sensitivity 

can be improved by adding a gap in the membrane. For example, if the aspect ratio (h / b) is 0.1, 

adding a half-width gap (d / b = 0.5) sensitivity increases by about 70%. 

 

 

Results 

 
Frequency sensitivity and resonant frequency analysis relative to microtriple dimensions: 

The frequency sensitivity analysis and piezoelectric microwave amplification frequency relative to 

its dimensions in this section affects the effect of microfilm frequency sensitivity. Using the 

sensitivity analysis performed by Sobel statistical analysis, the effect of frequency sensitivity in the 

first three oscillatory modes is determined. 

Piezoelectric thickness thickness analysis of frequency sensitivity and resonance frequency: 

In Fig. 2 (c), the fluid environment and the form (2-d) of the air environment show how the 

thickness of different layers affects the resonance frequency. In the two above-mentioned forms, as 

in the frequency sensitivity, there is the highest amount in the air environment relative to the liquid 

medium. The thickness of 48 micrometers for each of the first three to three modes in the liquid 

medium is 1.2 MHz, 7.2 MHz and 11.9 MHz, and in the air, respectively, 2.4 MHz, 7.8 MHz and 

12.8 MHz, respectively. There is the highest frequency of excitement. From the comparison of 

these two environments, it can be concluded that in the air environment, the piezoelectric layer 

thickness is the highest in relation to the resonance frequency. 

 
Figure 2: Piezoelectric layer thickness versus frequency sensitivity and resonant frequency 
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Piezoelectric Pulse Width Analysis of Frequency Sensitivity and Resonant Frequency: 

 Fig. 3 shows how the piezoelectric layer's width influence on frequency sensitivity is observed in 

the first three oscillatory modes. In Figure (a), the effect of the piezoelectric layer's width is shown 

on the frequency sensitivity in the liquid medium. According to the shape in all three oscillatory 

modes, the piezoelectric layer in the range of 30 to 45 micrometers increases the sensitivity of the 

frequency and has the lowest sensitivity in this range, but according to the form (B) that is in the air 

In the range of 30 to 45 micrometers, the piezoelectric layer has a minimum of 37 micrometers in 

all three modes, which increases the frequency sensitivity after increasing its width. With regard to 

the comparison of both fluid and air environments, with the increase in the piezoelectric layer at 35 

micrometers, the frequency sensitivity decreased in all three modes, after which this value was 

increased in the ambient air and the frequency sensitivity was established in the fluid medium. In 

Fig. (C) and (d), the effect of the piezoelectric layer on the resonant frequency in the fluid and air 

environment is shown. Regarding both forms, it is observed that the frequency of the resonance is 

decreasing, which is because the resonance frequency decreases with the increase of the 

piezoelectric layer width. In all three fluctuating modes it has been shown that the increase of the 

piezoelectric layer in the ambient air has increased the resonance frequency from the liquid 

medium, and compared with each other, the first mode was constant in both environments, but in 

the air environment The second mode at its lowest frequency was 3 and the third mode was 4.8, 

which was 1.9 and 3.9 compared to the liquid medium. 

Figure (3) Piezoelectric layer width versus frequency sensitivity and resonant frequency 
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Piezoelectric layer length analysis of frequency sensitivity and resonant frequency: 

Figure 4 shows how the length of the piezoelectric layer or the electrodes layer affects the 

frequency sensitivity. With regard to the form (4a) in the liquid medium, the pseudo-electric length 

of the lens increases in each of the three oscillatory modes. The frequency sensitivity decreases, 

and in the same way, in the form of (4b) in the air. . By comparing the two media with each other, 

the lowest frequency sensitivity of 460 in the fluid medium, the oscillatory mode of the first one to 

the third, is 9 μm, 22 μm and 38 μm respectively, and in the air, 10 μm, 30 μm and 45 μm 

respectively It can be concluded that in the liquid medium, the piezoelectric layer length is less 

than the air sensitivity of the ambient air. Fig. 4 (c) and Fig. 4 (d) show how the piezoelectric layer 

affects the resonant frequency. As in the frequency sensitivity, the piezoelectric layer length was 

lower than that of the air in the medium in the fluid medium, in all three modes of fluctuation from 

the first mode to the third mode in the liquid medium, the numerical values were 0.4, 0.9 and 3.2 

And in the air environment 0.5, 2, and 4, has the lowest frequency of resonance. 

 
Figure 4: Piezoelectric layer length versus frequency sensitivity and resonance frequency 
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Thickness analysis between two piezoelectric layers relative to frequency sensitivity and resonance 

frequency: 

Figure 5 shows how the thickness of the two microtour layers affects the sensitivity of the 

piezoelectric layer. It is seen in Fig. 5a that the frequency sensitivity of the piezoelectric layer is 

influenced by the thickness of the electrodes in the liquid medium rather than the air environment. 

According to simulated results, the thickness of the two piezoelectric layers in the first one to the 

third mode swings in the liquid medium at a thickness of 14.5 micrometers reaches their maximum 

value. Of course, it can be noted that frequency sensitivity in all three first to third modes is 25, 78 

and 130, respectively, but in Fig. 5b, it shows that the sensitivity of the piezoelectric layer is 

influenced by The thickness of the electrode in the ambient air relative to the liquid medium has 

been greater in all three modes of oscillation. At the same thickness of 14.5 micrometer of 

oscillatory first to third modes, the frequency sensitivity is 30, 85, and 142, respectively. In this 

comparison, the thickness of the two piezoelectric layers is higher than that of the liquid medium 

relative to the frequency sensitivity in the air environment. In Figure 5 (c), the fluid medium and 

Figure 5d show the air environment how the thickness of the two layers affects the resonance 

frequency. In the two above-mentioned forms, as in the frequency sensitivity, there is the highest 

amount in the air environment relative to the liquid medium. The thickness of 15.5 micrometer for 

all three first to third modes in the liquid medium was 1.8 MHz, 2.5 MHz and 8.7 MHz, 

respectively, and in the air, respectively, 1.9 MHz, 5.7 MHz and 2.9 MHz has the highest 

frequency of resonance. From the comparison of these two environments, it can be concluded that 

in the air environment the thickness of the two piezoelectric layers is the highest of the resonant 

frequency. 

 
Figure 5: Thickness between two piezoelectric layers relative to frequency sensitivity and resonant frequency 
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Analysis of the distance between the piezoelectric layer and the frequency sensitivity and 

resonance frequency: 

Figure 6 shows how the distance between the microtreatment layer is on the piezoelectric layer's 

frequency sensitivity. According to Fig. 6a, which is in the liquid medium, with the increase of the 

gap between the piezoelectric layer in each of the three oscillatory modes, the sensitivity of the 

frequency decreases and reaches its lowest in the range of 18 to 20, but according to Fig. 6b ) 

Which is in the air. By increasing the distance between the piezoelectric layer in all three 

oscillatory modes, the sensitivity of the frequency to the lowest of 12.2 to 17.2 reaches its lowest 

value, which increases the sensitivity of the growth rate after increasing the gap between the 

piezoelectric layer. In Fig. 6 (c) and Fig. 6 (d), the effect of the distance between the 

microtreatment layer on the resonance frequency of the piezoelectric layer in the liquid and air 

environments is shown. With respect to the comparison of the two environments with each other, it 

is observed that all three oscillatory modes increase the gap between the piezoelectric layer and the 

resonant frequency decreases. In the fluid medium, the thickness of the gap between the layers in 

the 21 micrometer amplification frequency in the first to the third mode is oscillating to The order 

of 0.5 micrometer and 1.7 micrometer and 2.2 micrometers and in the air are 0.8 micrometer and 2 

micrometers and 3.7 micrometers respectively, which can be concluded that in the liquid medium, 

the distance between the piezoelectric layer is less than the air intensification frequency of the air. 

Figure 4-5: Devasal between the piezoelectric layer and the frequency sensitivity and resonance frequency
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onclusion and Conclusion 
Results and discussion 

 

1- If the piezoelectric microscope moves from the air to the liquid medium, there will be significant 

changes in the curves. 2. In the air and liquid environment, due to the high sensitivity of the microtiter, 

the best way to stimulate the microtower in the first three modes of the first oscillation is the first 

fashion. Results of piezoelectric microscope sensitivity analysis The results obtained by simulating and 

analyzing the oscillatory motion sensitivity of a microtower composed of piezoelectric layers are as 

follows: 1- The larger the thickness or membrane gap, the greater its sensitivity. 2. Improvement of 

sensitivity by increasing the gap is only applied to microtowers with torsional vibration. 3. By 

increasing the thickness of the piezoelectric layer of the first vibrational mode in the air and liquid 

environment, the frequency sensitivity does not change with variations, but in the other two modes, the 

second and third modes of the oscillating air environment, to the maximum frequency of sensitivity to 

the medium. Come 4- Due to the piezoelectric layer thickness of the sensor, the resonant frequency 

studied in the second and third modes of the oscillating air environment is greater than that of the liquid 

medium.  5. The effect of the piezoelectric layer's width on the frequency sensitivity in the air and fluid 

environment is different. According to the analysis, with increasing the amount of the piezoelectric 

layer, the frequency sensitivity in the air environment reaches its minimum, and then increases, but in 

The fluid environment only decreases. 6. As the piezoelectric layer increases, the resonant frequency 

decreases. In the ambient air, the resonance frequency is higher than the liquid medium, and compared 

with each other, the first mode is constant in both environments, but in the fluid medium of the second 

and third modes of oscillation at its lowest frequency relative to the air environment. 7. In each of the 

three oscillatory modes, the length of the piezoelectric layer increases, the frequency sensitivity 

decreases, it can be concluded that in the liquid medium, the piezoelectric layer length is less than the 

air sensitivity of the ambient air. 8. The piezoelectric length of the resonant frequency, as well as the 

frequency sensitivity, increases with the increase in length, the resonance frequency decreases.  9. 

According to simulated results, the thickness of the two piezoelectric layers reaches the maximum value 

in the first-third mode of oscillation in the thickness of 14.5 micrometers relative to the frequency 

sensitivity in which the sensitivity was higher in the air than in the liquid medium.  10. In the thickness 

of 15.5 micrometer for all three first to third modes in the liquid medium and in the air environment, 

there is the highest frequency of resonance. From the comparison of these two environments, it can be 

concluded that in the air environment the thickness of the two piezoelectric layers is the highest of the 

resonant frequency. 11. In the range of 18 to 20, the ambient air and liquid environment, with increasing 

distance between the piezoelectric layer, decreased in all three oscillatory modes and decreased to the 

lowest, and in the fluid medium after the interval between the 20th layer, but increased in the air 

environment Is. 12- As the gap between the piezoelectric layer is increased in all three oscillatory 

modes, the frequency of the resonance is decreasing. 

 

 

 

 

 



 

 

 www.cnf.hsu.ac.ir/cement2019              12 

 

Reference 
 

1- Brenner, K.P. and et al. (1993). New medium for the simultaneous detection of total coliforms 

and Escherichia coli in water. Applied and Environmental Microbiology. 59(11): 3534-3544.  

2- Microbiological Methods/Online Publications. [cited; Available from: 

http://www.epa.gov/nerlcwww/online.htm.  

3- Takeuchi, A. and Sode, K. (2000). A Salmonella Detection System Using an Engineered DNA 

Binding Protein That Specifically Captured a DNA Sequence. Analytical Chemistry. 72(13): 

2809-2813.  

4- Liming, S.H. and Bhagwat, A.A. (2004). Application of a molecular beacon--real-time PCR 

technology to detect Salmonella species contaminating fruits and vegetables. International 

Journal of Food Microbiology. 95(2): 177-187.  

5- McBride, M.T. and et al. (2003). Autonomous Detection of Aerosolized Bacillus anthracis and 

Yersinia pestis. Analytical Chemistry. 75(20): 5293-5299.  

6- A. Eyigor, K.T.C. and Unal, U. (2002). Implementation of real-time PCR to tetrathionate 

broth enrichment step of Salmonella detection in poultry. Letters in Applied Microbiology. 

34(1): 37-41.  

7- Walker, R.L. and et al. (2001). Comparison of VIDAS enzyme-linked fluorescent 

immunoassay using Moore swab sampling and conventional culture method for Salmonella 

detection in bulk tank milk and in-line milk filters in California dairies. International Journal of 

Food Microbiology. 67(1-2): 123-129.  

8- Lee, H.A. and et al. (1990). Enzyme-linked immunosorbent assay for Salmonella typhimurium 

in food: feasibility of 1-day Salmonella detection. Applied and Environmental Microbiology. 

56(6): 1541-1546.  

9- Thiel, A.J. and et al. (1997). In Situ Surface Plasmon Resonance Imaging Detection of DNA 

Hybridization to Oligonucleotide Arrays on Gold Surfaces. Analytical Chemistry. 69(24): 4948-

4956.  

10- Homola, J., S.S. Yee, and Gauglitz, G. (1999). Surface plasmon resonance sensors: review. 

Sensors and Actuators B: Chemical. 54(1-2): 3-15.  

11- Li, P.Y. and et al. (2004). A new method for label-free imaging of biomolecular interactions. 

Sensors and Actuators B: Chemical. 99(1): 6-13.  

12- Cai, Q.-Y. and Zellers, E.T. (2002). Dual-Chemiresistor GC Detector Employing 

Monolayer-Protected Metal Nanocluster Interfaces. Analytical Chemistry. 74(14): 3533-3539.  

13- Walter, E.C., Liu, K.H., Ng, M.P. Zach, F. and Favier, S. (2002). Sensors from 

electrodeposited metal nanowires. Surface and Interface Analysis. 34(1): 409-412.  

14- Sakai, G. and et al. (2001). Gas sensing properties of tin oxide thin films fabricated from 

hydrothermally treated nanoparticles: Dependence of CO and H2 response on film thickness. 

Sensors and Actuators B: Chemical. 77(1-2): 116-121.  

15- Satyajit, S. and et al. (2003). Transmission Electron Microscopy Sample Preparation of Tin 

Oxide Nanowire Sensor Using Focused Ion-Beam Milling Technique. Sensor Letters. 1: 75-78.  

16- Li, C. and et al. (2003). In2O3 nanowires as chemical sensors. Applied Physics Letters. 

82(10): p. 1613-1615.  

17- Cavicchi, R.E. and et al. (2001). Spin-on nanoparticle tin oxide for microhotplate gas 

sensors. Sensors and Actuators B: Chemical. 77(1-2): 145-154.  

http://www.epa.gov/nerlcwww/online.htm


 

 

 www.cnf.hsu.ac.ir/cement2019              13 

 

18- Snow, E.S. and et al. (2005). Chemical Detection with a Single-Walled Carbon Nanotube 

Capacitor. Science. 307(5717): 1942-1945.  

19 Chen, R.J. and et al. (2004). An Investigation of the Mechanisms of Electronic Sensing of 

Protein Adsorption on Carbon Nanotube Devices. Journal of the American Chemical Society. 

126(5): 1563-1568.  

20- Davis, C.E. and et al. (2005). Enhanced detection of m-xylene using a preconcentrator with a 

chemiresistor sensor. Sensors and Actuators B: Chemical. 104(2): 207216.  

21- Matthews, B. and et al. (2002). Effects of electrode configuration on polymer carbon-black 

composite chemical vapor sensor performance. Sensors Journal, IEEE. 2(3): 160-168.  

22- Luigi Mondello, P.Q.T., Paola, D. and Giovanni, D. (2008). Comprehensive twodimensional 

gas chromatography-mass spectrometry: A review. Mass Spectrometry Reviews. 27(2): 101-124.  

23- Bangalore, A.S. and et al. (1999). Effect of Spectral Resolution on Pattern Recognition 

Analysis Using Passive Fourier Transform Infrared Sensor Data. Appl. Spectrosc. 53(11): 1382-

1391.  

24- Nelli Taranenko, J. (1996). Surface-Enhanced Raman Detection of Nerve Agent Simulant 

(DMMP and DIMP) Vapor on Electrochemically Prepared Silver Oxide Substrates. Journal of 

Raman Spectroscopy. 27(5): 379-384.  

25- Wu, Z.Y. and et al. (2003). Quartz-Crystal Microbalance Immunosensor for 

SchistsomaJaponicum-Infected Rabbit Serum. Analytical Sciences. 19(3): 437-440.  

26- Buttry, D.A. and Ward, M.D. (1992). Measurement of interfacial processes at electrode 

surfaces with the electrochemical quartz crystal microbalance. Chemical Reviews. 92(6): 1355-

1379.  

27- Wong, Y.Y. and et al. (2002). Immunosensor for the differentiation and detection of 

Salmonella species based on a quartz crystal microbalance. Biosensors and Bioelectronics. 

17(8): 676-684.  

28- Ho, C. and Hughes, R. (2002). In-Situ Chemiresistor Sensor Package for Real-Time 

Detection of Volatile Organic Compounds in Soil and Groundwater. Sensors. 2(1): 23-34.  

29- Yang, K.L. Cadwell, K. and Abbott, N.L. (2005). Use of self-assembled monolayers, metal 

ions and smectic liquid crystals to detect organophosphonates. Sensors and Actuators B: 

Chemical. 104(1): 50-56.  

30- Caliendo, C., Verona, E.V. and Anisimkin, V.I. (1997). Surface acoustic wave humidity 

sensors: a comparison between different types of sensitive membrane. Smart Materials and 

Structures. 6(6): 707-715.  

31- Arntz, Y. and et al. (2003). Label-free protein assay based on a nanomechanical cantilever 

array. Nanotechnology. 14(1): 86-90.  

32- Baller, M.K. and et al. (2000). A cantilever array-based artificial nose. Ultramicroscopy. 

82(1-4): 1-9.  

33- Barnes, J.R. and et al. (1994). Photothermal spectroscopy with femtojoule sensitivity using a 

micromechanical device. Nature. 372(6501): 79-81.  

34- Bashir, R. and et al. (2002). Micromechanical cantilever as an ultrasensitive pH 

microsensor. Applied Physics Letters. 81(16): 3091-3093.  

35- Boisen, A. and et al. (2000). Environmental sensors based on micromachined cantilevers 

with integrated read-out. Ultramicroscopy. 82(1-4): 11-16.  



 

 

 www.cnf.hsu.ac.ir/cement2019              14 

 

36- Carrascosa, L.G. and et al. (2006). Nanomechanical biosensors: a new sensing tool. TrAC 

Trends in Analytical Chemistry. 25(3): 196-206.  

37- Cherian, S. and T. Thundat. (2002). Determination of adsorption-induced variation in the 

spring constant of a microcantilever. Applied Physics Letters. 80(12): 2219-2221.  

38- Dhayal, B. and et al. (2006). Detection of Bacillus subtilis Spores Using 

PeptideFunctionalized Cantilever Arrays. Journal of the American Chemical Society. 128(11): 

3716-3721.  

39- Drelich, J., White, C.L. and. Xu, Z.H. (2008). Laboratory tests on mercury emission 

monitoring with resonating gold-coated silicon cantilevers. Environmental Science & 

Technology. 42(6): 2072-2078.  

40- Fagan, B.C. and et al. (2000). Modification of micro-cantilever sensors with sol-gels to 

enhance performance and immobilize chemically selective phases. Talanta. 53(3): 599-608.  

41- Gupta, A., Akin, D and Bashir, R. (2004). Single virus particle mass detection using 

microresonators with nanoscale thickness. Applied Physics Letters. 84(11): 1976-1978.  

42- Hansen, K.M. and et al. (2001). Cantilever-Based Optical Deflection Assay for 

Discrimination of DNA Single-Nucleotide Mismatches. Analytical Chemistry. 73(7): 1567-1571.  

43- Ilic, B. and et al. (2004). Attogram detection using nanoelectromechanical oscillators. 

Journal of Applied Physics. 95(7): 3694-3703.  

44- Ilic, B. and et al. (2000). Mechanical resonant immunospecific biological detector. Applied 

Physics Letters. 77(3): 450-452.  

45- Ilic, B. and et al. (2001). Single cell detection with micromechanical oscillators. Journal of 

Vacuum Science and Technology B. 19(6): 2825-2828.  

46- Ilic, B. and et al. (2005). Enumeration of DNA Molecules Bound to a Nanomechanical 

Oscillator. Nano Letters. 5(5): 925-929.  

47- Kim, B.H. and et al., Multicomponent analysis and prediction with a cantilever array based 

gas sensor. Sensors and Actuators B: Chemical. 78(1-3): 12-18.  

48- Lam, Y. and et al. (2006). Using microcantilever deflection to detect HIV-1 envelope 

glycoprotein gp120. Nanomedicine: Nanotechnology, Biology and Medicine. 2(4): 222-229.  

49- Lang, H.P. and et al. (1999). An artificial nose based on a micromechanical cantilever array. 

Analytica Chimica Acta. 393(1-3): 59-65.  

50- Lang, H.P. and et al. (1998). Sequential position readout from arrays of micromechanical 

cantilever sensors. Applied Physics Letters. 72(3): 383-385.  

51- Lochon, F. and et al. (2006). Silicon made resonant microcantilever: Dependence of the 

chemical sensing performances on the sensitive coating thickness. Materials Science and 

Engineering: C. 26(2-3): 348-353.  

51- Moulin, A.M., O'Shea,S.J. and Welland, M.E. (2000). Microcantilever-based biosensors. 

Ultramicroscopy. 82(1-4): 23-31.  

52- Mukhopadhyay, R. and et al. (2005). Cantilever Sensor for Nanomechanical Detection of 

Specific Protein Conformations. Nano Letters. 5(12): 2385-2388.  

53- Pinnaduwage, L.A. and et al. (2003). Use of Microcantilevers for the Monitoring of 

Molecular Binding to Self-Assembled Monolayers. Langmuir. 19(19): 7841-7844.  

54- Su, M., Li, S. and Dravid, V.P. (2003). Microcantilever resonance-based DNA detection with 

nanoparticle probes. Applied Physics Letters. 82(20): 3562-3564.  



 

 

 www.cnf.hsu.ac.ir/cement2019              15 

 

55- Thundat, T. and et al. (1995). Vapor Detection Using Resonating Microcantilevers. 

Analytical Chemistry. 67(3): 519-521.  

56- Thundat, T. and et al. (1995). Detection of mercury vapor using resonating microcantilevers. 

Applied Physics Letters. 66(13): 1695-1697.  

57- Wang, C.Y. and et al. (2007). Ultrasensitive biochemical sensors based on microcantilevers 

of atomic force microscope. Analytical Biochemistry. 363(1): 1-11.  

58- Yang, Y., Ji, H.F. and Thundat, T. (2003). Nerve Agents Detection Using a Cu2+/LCysteine 

Bilayer-Coated Microcantilever. Journal of the American Chemical Society. 125(5): 1124-1125.  

59- Yang, Y.T. and et al. (2006). Zeptogram-Scale Nanomechanical Mass Sensing. Nano 

Letters. 6(4): 583-586.  

60- Zhang, Y. and et al. (2003). Detection of CrO42- Using a Hydrogel Swelling 

Microcantilever Sensor. Analytical Chemistry. 75(18): 4773-4777.  

61- Abedinov, N. and et al. (2001). Micromachined piezoresistive cantilever array with 

integrated resistive microheater for calorimetry and mass detection. Journal of Vacuum Science 

& Technology A: Vacuum, Surfaces, and Films. 19(6): 2884-2888.  

62- B.L. Weeks, J.C., Noy, A., Miller, A.E., Stanker, L and De Yoreo, J.J. (2003). A 

Microcantilever-Based Pathogen Detector. Scanning. 25(6): 297-299.  

63- Chui, B.W. and et al. (1996). Low-stiffness silicon cantilevers for thermal writing and 

piezoresistive readback with the atomic force microscope. Applied Physics Letters. 69(18): 

2767-2769.  

64- Hayato Sone, A.I. (2006). Takashi Izumi, Haruki Okano and Sumio Hosaka. Femtogram 

Mass Biosensor Using Self-Sensing Cantilever for Allergy Check. Jpn. J. Appl. Phys. 45: 2301-

2304.  

65- Hayato, S. (2004). Picogram Mass Sensor Using Piezoresistive Cantilever for Biosensor. 

Jpn. J. Appl. Phys. 43: 4663-4666.  

66- Hyun, S.J. and et al. (2006). Mechanical detection of liposomes using piezoresistive 

cantilever. Sensors and Actuators B: Chemical. 117(2): 415-419.  

67- Kyung Wook Wee, G.Y.K., Jaebum, P., Ji Y.K., Dae, S.Y., Jung Ho, P and Tae Song, K. 

(2005). Novel electrical detection of label-free disease marker proteins using piezoresistive self-

sensing micro-cantilevers. Biosensors and Bioelectronics. 20(10): 1932-1938.  

68- Li, P. and et al. (2006). Silicon dioxide microcantilever with piezoresistive element 

integrated for portable ultraresoluble gaseous detection. Applied Physics Letters. 89(7): 

074104-3.  

69- Linnemann, R. and et al. (1996). Atomic force microscopy and lateral force microscopy 

using piezoresistive cantilevers. AVS.  

70- Pinnaduwage, L.A. and et al. (2003). Explosives: A microsensor for trinitrotoluene vapour. 

Nature. 425(6957): 474-474.  

71- Polesel-Maris, J. and et al. (2007). Piezoresistive cantilever array for life sciences 

applications. Journal of Physics: Conference Series. 61: 955-959.  

72- R. L. Gunter, W.G.D., Manygoats, K., Kooser, A. and Porter, T.L. (2003). Viral detection 

using an embedded piezoresistive microcantilever sensor. Sensors and Actuators A: Physical. 

107(3): 219-224.  

73- R. Linnemann, T.G., Hadjiiski, L. and Rangelow, I.W. (1995). Characterization of a 

cantilever with an integrated deflection sensor. Thin Solid Films. 264(2): 159-164.  



 

 

 www.cnf.hsu.ac.ir/cement2019              16 

 

74- Roberto Raiteri, G.N., Hans-Ju¨rgen, B., Wolfgang, K. and Petr, S. (1999). Sensing of 

biological substances based on the bending of microfabricated cantilevers. Sensors and 

Actuators B: Chemical. 61(1-3): 213-217. 

75- Shekhawat, G., Tark, S.H. and Dravid, V.P. (2006). MOSFET-Embedded Microcantilevers 

for Measuring Deflection in Biomolecular Sensors. Science. 311(5767): 1592-1595.  

76- Tortonese, M., Barrett, R.C. and Quate, C.F. (1993). Atomic resolution with an atomic force 

microscope using piezoresistive detection. Applied Physics Letters. 62(8): 834-836.  

77- Voiculescu, I. and et al. (2005). Electrostatically actuated resonant microcantilever beam in 

CMOS technology for the detection of chemical weapons. Sensors Journal, IEEE. 5(4): 641-647.  

78- Wee, K.W. and et al. (2005). Novel electrical detection of label-free disease marker proteins 

using piezoresistive self-sensing micro-cantilevers. Biosensors and Bioelectronics. 20(10): 1932-

1938.  
 

 


