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Radiation
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The light absorption process can be described as an incident photon to the 

semiconductor material  having  energy  (hf)  is  absorbed  by  the  

semiconductor  through  energy  conservation. The photon energy is 

absorbed by an electron which results in electron transition to a higher state 

within  the energy band diagram. Absorption process can take through three 

possible scenarios as follows as shown in figure: 
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Interaband transitions, when the electron's initial and final states are in 

the same band (e.g conduction band or valence band).

Interband  transitions  when  initial  state  is  valence  band  and  final  

state  is  conduction band.    𝐸 = 𝑞𝑉 = ℎ𝜐 = ℎ
𝑐

𝜆

Subband transition. In some cases semiconductors have its band in the 

form of multiple subbands  (many  valence  bands,  many  conduction  

bands),  thus  cases  of  intrasubband (when  the  initial  and  final  state  are  

in  the  same  subband)  and  intersubband  transitions (when initial and 

final states are in different subbands of the same band) may occur. 
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Incident radiation can cause a measurable change of some  material's  

characteristics (e.g. resistivity,  polarization…etc).  This  property  of  

some  "light  sensitive"  materials  can  be used in light detection. Again 

this effect generally is highly wavelength dependent. Solid  state  devices  

generally  have  its  I-V  characteristics  according  to  its  structure  and  

theory  of  operation.  Incident  radiation  can  cause  significant  effect  on  

the  device characteristics. This phenomenon can be used in many 

optoelectronic devices Incident radiation which is in the form of light 

energy can be absorbed and transformed to another form that can be sensed 

by a material or device through a change in its internal properties  or  its  

output  I-V characteristics.  These  effects  can  used  in  light  sensing 

transducers where the input optical energy is transformed into output 

electrical energy. 

In most cases these effects are reversible such that it can be used in the 

reverse process of light emitting devices  
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Direct & indirect gap semiconductors
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Semiconductors are classified according to vertical alignment of valence 

and conduction bands  into  direct  and  indirect  gap  semiconductors.  

Direct  gap  semiconductors  those having both valence band maxima and 

conduction band minima are aligned on the same vertical axis while in 

indirect gap semiconductors, both bands are not aligned vertically as shown 

in figure. 



9



10



11

For direct gap semiconductor, a photon having sufficient energy can excite an 

electron in V.B to jump to C.B directly and the inverse phenomenon 

(recombination) will take place when the electron returns back to the V.B to 

recombine with a hole. 

For indirect gap semiconductor, the electron can absorb a photon if a  phonon (a 

particle model  for  lattice  vibration)  participates  in  the  process  as  shown  in  

figure.  A  phonon provides  the  necessary momentum  for  the  electron  to  move  

to  the  C.B.  Again  for recombination process a phonon is released when electron 

is to return back to V.B. 

When a recombination of holes and electrons generates light, the recombination 

process is  called  radiative  recombination.  The  process  of  light  emission  in  

this  case  is  called "spontaneous emission".  If  the recombination generates heat 

(phonon), it is called nonradiative  recombination.  In  this  case  the  emitted  light  

is  insignificant.  Si  and Ge,  are indirect gap materials, the greater percentage of 

energy is given up  in the form of heat. In other  materials  such  as  GaAs,  GaP,  

the  number  of  photons  of  light  energy  emitted  is sufficient to create a light 

source.
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LED characteristics 
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Parts of LED
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❑ A light emitting diode (LED) is essentially a PN junction 
opto-semiconductor that emits a monochromatic (single 
color) light when operated in a forward biased direction.

 
❑ LEDs  convert  electrical  energy  into  light  energy.  

They  are frequently used as "pilot" lights in electronic 
appliances to indicate whether the circuit is closed or not. 
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Operation of LED
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❑ When the device is forward-biased, electrons cross the 

pn junction from the n-type material and recombine 

with holes in the p-type material. 

❑ These free electrons are in the conduction band and at 

a higher energy than the holes in the valence band.

❑ When recombination takes place, the recombining 

electrons release energy in the form of photons. 

❑ The emitted light tends to be monochromatic (one 

color) that depends on the band gap (and other 

factors). 

❑ This process, called electroluminescence

❑ Various impurities are added during the doping process 

to establish the wavelength of the emitted light. The 

wavelength determines the color of visible light
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❑ In Si and Ge diodes the greater percentage of the energy converted 

during recombination at the junction is dissipated in the form of heat 

within the structure, and the emitted light is insignificant.

❑ Diodes constructed of GaAs emit light in the infrared (invisible) zone 

during the recombination process at the p–n junction.

❑ Through other combinations of elements a coherent visible light can be 

generated.

❑ The Table provides a list of common compound semiconductors and 

the light they generate.

• فوسفيد الألومنيوم 
والغاليوم والإنديوم

• نترات جاليوم
• فوسفيد جاليوم 
• فوسفيد جاليوم 

ارسنايد
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Light emission 
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❑ A LED emits light over a specified range of wavelengths.

❑ The color of the output light depends on the material used in fabrication 

the LED & Energy gap.

❑ The output light may be visible (red, blue, . . . etc) or may be invisible 

(Infra Red).

Power Spectrum of LED
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LED Biasing
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❑ The maximum 𝑉𝐹 for LEDs is between 

1.2 V and 5V , depending on the material. 

❑ Reverse breakdown for an LED is much 

less than for a silicon rectifier diode (3 V 

to 10 V is typical).

❑ Light intensity is proportional with 

forward current.

❑ Also Light intensity goes down with 

higher temperature as indicated in the 

figure.
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LED Applications
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TV Remote Control Unit:

❑ One common application of an infrared LED is in remote control units 

for TV and DVD.

❑ The IR LED sends out a beam of invisible light that is sensed by the 

receiver in your TV.

❑ For example, For each button on the remote control unit, there is a 

unique code. When a specific button is pressed, a coded electrical signal 

is generated that goes to the LED, which converts the electrical signal to 

a coded infrared light signal.

❑ The TV receiver recognizes the code and takes appropriate action, such 

as changing the channel or increasing the volume.
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Application Example 
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LED Efficiency
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VLC
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Visible light communications (vlc)



Applications of VLC

LBS Navigation V2V

EMI Sensitive Environment Data Broadcasting

39



40

LIFI
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LED  & LCD  dsplays
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LED Non-Linearity
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i-v characteristics of LED

• The LED has a relatively reduced 
dynamic range extending from 
𝑉TOV to 𝑉𝑆𝑎𝑡 .

• Thus, the applied signal is 
exposed to amplitude distortion 
caused by peaks lower than 𝑉TOV 

and peaks higher than 𝑉𝑆𝑎𝑡 .



Effect of nonlinearity parameter

snr



Clipping distortion (linear LED model)
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LED Power Spectrum
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Thank  you for your attention
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