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Semiconductor Sensors: 
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 :  اساس ي اوًاع -حسگزَای خاسوی

W. Y. Du ”Resistive, capacitive, inductive, and magnetic sensor technologies”, CRC Press, 2014.  

Base of operation:  

Capacitive sensors operate based on changes in electrical capacitance. 

Capacitive sensors based on their sensing mechanisms: 

• Spacing variation: varying the space or distance between plates; 

•  Area variation: varying the overlap area between plates; 

• Dielectric material property change: changing properties of the dielectric 

   media; 

•  Electrode property change: changing conductivity, charges, mass, or other 

   physical or chemical properties of the electrodes; 
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 :  اوًاع خاسن

W. Y. Du ”Resistive, capacitive, inductive, and magnetic sensor technologies”, CRC Press, 2014.  
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 :  گذردَی وسبی در دی الکتزیکُای مختلف

W. Y. Du ”Resistive, capacitive, inductive, and magnetic sensor technologies”, CRC Press, 2014.  
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 :  ظزفیت خاسوی در آرایشُای مختلف

W. Y. Du ”Resistive, capacitive, inductive, and magnetic sensor technologies”, CRC Press, 2014.  



6 W. Y. Du ”Resistive, capacitive, inductive, and magnetic sensor technologies”, CRC Press, 2014.  

 :  ظزفیت خاسوی در آرایشُای مختلف
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 :  اوًاع خاسن

W. Y. Du ”Resistive, capacitive, inductive, and magnetic sensor technologies”, CRC Press, 2014.  
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 : مشایا -حسگزَای خاسوی

W. Y. Du ”Resistive, capacitive, inductive, and magnetic sensor technologies”, CRC Press, 2014.  

Advantages: 

• The most precise of all electrical sensors (including resistive and inductive sensors) 

• Extremely high sensitivity 

• High resolution (e.g.,0.01 nm) 

• Broad bandwidth (e.g., 1 ~ 100 kHz) 

• Robustness 

• Long-term stability and durability 

• Drift-free character 

• Simple structures 

• Low cost 

• Noncontact detection 

 

 Most capacitive sensors are immune to humidity, temperature, target material, and 

stray electric field variations. 

 Some can be integrated into a printed circuit board (PCB) or embedded into a 

microchip or a nanodevice to provide excellent accuracy and nearly infinite 

resolution, higher reliability, less weight, and lower power consumption. 
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 : قًاویه فیشیکی -حسگزَای خاسوی

W. Y. Du ”Resistive, capacitive, inductive, and magnetic sensor technologies”, CRC Press, 2014.  

CAPACITIVE SENSORS  PHYSICAL LAWS: 

Coulomb’s law describes the force F between any two charges Q1 and Q2 

separated by a distance d : 
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A piezoelectric element will produce an electric charge when a mechanical stress 

(longitudinal, transverse, or shear) is applied. Conversely, mechanical deformation 

(e.g., shrinkage or expansion) occurs when an electric field is applied to a 

piezoelectric element.This effect is called Piezoelectric effect, discovered by the 

Curie brothers more than 100 years ago. They found that quartz changed its 

dimensions when subjected to an electrical field, and conversely, generated 

electrical charge when mechanically deformed. 

 : قًاویه فیشیکی -حسگزَای خاسوی
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A capacitive sensor may require a high-frequency excitation, close to the 

resonance frequency of the circuit, so that the electrode impedance reaches its 

minimum and the sensitivity of the sensor reaches its maximum. The excitation 

frequency also affects the operating range of a capacitive sensor. 

 

For example, a ChenYang Technologies’ (in Germany) capacitive displacement 

sensor has a measurement range of 1 mm at the excitation frequency 28 kHz, but 

its measurement range can reach 4 mm at the resonance frequency of 30.4 kHz. 

 : قًاویه فیشیکی -حسگزَای خاسوی
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The application examples of single-plate sensors: 

 :  مثالُای کاربزدی اس وًع تک صفحٍ ایی -حسگزَای خاسوی
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The sensor’s size effect: 

 : اثز اوذاسٌ حسگز -حسگزَای خاسوی
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Selection guidelines for the maximum sensor size: 

 : راَىما بزای اوتخاب قطز حسگز -حسگزَای خاسوی

Common diameters range for capacitive proximity sensor is from 12 to 60 mm 

in shielded and unshielded mounting versions.  

http://www.machinedesign.com/sensors 
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 :  وًع پزيکسی متز -حسگزَای خاسوی

http://www.machinedesign.com/sensors/proximity-sensors-compared-inductive-capacitive-

photoelectric-and-ultrasonic 

Proximity sensors detect the presence or absence of objects using electromagnetic 

fields, light, and sound. There are many types, each suited to specific applications 

and environments. 

Capacitive proximity sensors can detect both metallic and non-metallic targets in 

powder, granulate, liquid, and solid form. This, along with their ability to sense 

through nonferrous materials, makes them ideal for sight glass monitoring, tank 

liquid level detection, and hopper powder level recognition.  
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 :  وًع پزيکسی متز -حسگزَای خاسوی

W. Y. Du ”Resistive, capacitive, inductive, and magnetic sensor technologies”, CRC Press, 2014.  
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 :  مقایسٍ وًع پزيکسی متز خاسوی با القایی  -حسگزَای خاسوی

http://www.machinedesign.com/sensors/proximity-sensors-compared-inductive-capacitive-

photoelectric-and-ultrasonic 

 Inductive sensors oscillate until the target is present and capacitive sensors 

oscillate when the target is present. 

  Because capacitive sensing involves charging plates, it is somewhat slower 

than inductive sensing. 

  Due to their ability to detect most types of materials, capacitive sensors 

must be kept away from non-target materials to avoid false triggering. For 

this reason, if the intended target contains a ferrous material, an inductive 

sensor is a more reliable option. 
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A dual-plate capacitive sensor design. 

Three-plate configurations for (a) spacing-variation- and (b) area-variation based sensors. 

 :  اوًاع بز اساس تعذاد صفحات -حسگزَای خاسوی
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 :  طزاحی حسگز -حسگزَای خاسوی
One-pair or multi-pair, linear or rotary configurations: 
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Pressure Sensor: فشارسىج -مثال کاربزدی -حسگزَای خاسوی  : 
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Accelerometer: شتاب سىج -مثال کاربزدی -حسگزَای خاسوی  : 



22 W. Y. Du ”Resistive, capacitive, inductive, and magnetic sensor technologies”, CRC Press, 2014.  

Accelerometer: شتاب سىج -مثال کاربزدی -حسگزَای خاسوی  : 
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Position Sensor: مکان سىج -مثال کاربزدی -حسگزَای خاسوی  : 


