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Ch2: Optoelectronic Sensors 

Lecturer: Dr. N. A. Sheini  
Shahid Chamran University of Ahvaz 

 

Semiconductor sensors: 
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 طیف الکتزيمغىاطیسی
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Haynes, William M., ed. (2011). CRC Handbook of Chemistry and Physics (92nd ed.). CRC Press. 

 طیف الکتزيمغىاطیسی
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 تاتش جسم سیاٌ
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Ebook: Thermal Infrared sensors- Willy 2011.  

تیشتزیه تاتش تذن اوسان در چٍ طًل مًجی ي در چٍ محذيدٌ ای اس طیف الکتزيمغىاطیسی  : سًال
متز مزتع تاشذ، تًان تاتشی چقذر است؟ 2است؟ تا فزض ایىکٍ سطح تذن یک اوسان   

 تاتش جسم سیاٌ

:جذب مادين قزمش در ًَا  

:طیف مادين قزمش  
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:ياحذ شذت وًر  

Candela (cd) 

Unit of luminous intensity of a light source in a specific direction. Also called candle. 

Technically, the radiation intensity in a perpendicular direction of a surface of 1/600000 square meter of a 

black body at the temperature of solidification platinum under a pressure of 101,325 newtons per square 

meter. 
 

Footcandle (fc or ftc) 

Unit of light intensity, measured in lumens per square foot. The brightness of one candle at a distance of 

one foot. Approximately 10.7639 lux. 

 

Lumen (lm) 

Unit of light flow or luminous flux. The output of artificial lights can be measured in lumens. 

 

Lux (lx) 

Unit of illumination equal to one lumen per square meter. The metric equivalent of foot-candles (one lux 

equals 0.0929 footcandles). Also called meter-candle. 

Miniature Edison Screw (MES) 



(فًتًوی)آثار وًری   

اثز فتً الکتزیک 
 ًاثز فتًکاوذاکتی 
  آثار فتًدیًدی 

فتً يلتاییک 
PN ،PIN، APD 

 اثز تشيیج تارCCD 

اثز فتً دی الکتزیک 
آثار فتًلًمیىساوس 

 اثز فًلًرساوس 
 فسفزساوساثز 
اثز الکتزيلًمیىساوس 



 اثز فتًالکتزیک
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 تاریخچٍ اثز فتًالکتزیک
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 تاریخچٍ اثز فتًالکتزیک
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 تاریخچٍ اثز فتًالکتزیک
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 حسگز فتًالکتزیک



 اثز فتًکاوذاکتیً



 حسگز فتًکاوذاکتیً
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 حسگز فتًکاوذاکتیً
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:حسگز فتًکاوذاکتیً در طیف مادين قزمش    
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:تصايیز حزارتی مادين قزمش  



 اثز فتًيلتاییک



 حسگز فتًيلتاییک
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 سلًل فتًيلتاییک



pin Photodetector: 

The high electric field present in the depletion region causes photo-generated carriers to  

Separate and be collected across the reverse –biased junction. This give rise to a current  

Flow in an external circuit, known as photocurrent.  

w 

 PIN:حسگز 



 PIN:ومایش وًارَای اوزصی تا اعمال تایاس ي ساس يکار حسگزی در 

 PIN:حسگز 



 Optical power absorbed,       in the depletion region can be written in terms 

of incident optical power,      : 

 

 

 

 Absorption coefficient          strongly depends on wavelength. The upper 

wavelength cutoff for any semiconductor can be determined by its energy 

gap as follows:   

 

 

 

 Taking entrance face reflectivity into consideration, the absorbed power in 

the width of depletion region, w, becomes: 

 

 

 

 

 

)1()(
)(

0

xsePxP




)( s

)(xP

0P

 1.24 
( m)

(eV)
c c

g g

hC

E E
   

( )

0(1 ) ( ) (1 )(1 )s w

absorb f fP R P w P e R
 

    

 :جذب وًر در واحیٍ تخلیٍ



 :ضزیة جذب وًری ویمٍ َادی َای مختلف

http://www.laserfocusworld.com/articles/print/volume-46/issue-8/features/avalanche-photodiodes.html 

 :جذب وًر در واحیٍ تخلیٍ
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 :جزیان الکتزیکی واشی اس جذب وًر



  محذيدٌ پاسخذَی 

 طًل مًج قطع(λC)  

 (جزیان وًر وخًردٌ)تاریک جزیان 
پاسخذَی (Responsivity)  
 ٌکًاوتمی تاسد(Quantum Efficiency) 

  تًان معادل وًیشNoise Equivalent Power (NEP)  

گیزوذگی (Detectivity)  
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 :کمیتُای مقایسٍ ای حسگزَای وًری



 Responsivity: 

 

 

 

 Quantum Efficiency:  

 

 

 

 

 

 Responsivity Vs. Quantum efficiency: 

 

# of electron-hole photogenerated pairs

# of incident photons
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 :پاسخذَی ي تاسدٌ کًاوتمی
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 :پاسخذَی ي تاسدٌ کًاوتمی
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NEP ي گیزوذگی: 

 Noise Equivalent Power: 

 

 

 

 Detectivity:  

 

 

 

 

 Normalize Detectivity (D*): 

1
   D

NEP


Datskos, P. G., & Lavrik, N. V. (2003). Detectors—figures of merit. Encyclopedia of Optical Engineering, 349. 

*    
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Avalanche Photodiode (APD) 

APDs internally multiply the primary 

photocurrent before it enters to following 

circuitry.  

In order to carrier multiplication take place, 

the photogenerated carriers must traverse 

along a high field region. In this region, 

photogenerated electrons and holes gain 

enough energy to ionize bound electrons in 

VB upon colliding with them. This 

multiplication is known as impact 

ionization.  

 :حسگز دیًد وًری تُمىی



 

 The multiplication factor (current gain) M for all carriers generated in the 

photodiode is defined as: 

 

 

 Where         is the average value of the total multiplied output current &     

is the primary photocurrent.  

 

 The responsivity of APD can be calculated by considering the current gain 

as:  
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 :پاسخذَی حسگز تُمىی




