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Effect of Temperature on the fermi level – 

N n-TYPE SEMICONDUCTOR. 

• At 0K the fermi level EFn (Energy of fermi level in n-type semiconductor) lies between the 

conduction band and the donor level. 

• As temperature increases more and more electrons shift to the conduction band leaving behind equal 

number of holes in the valence band. These electron hole pairs are intrinsic carriers. 

• With the increase in temperature the intrinsic carriers dominate the donors. 

• To maintain the balance of the carrier density on both sides the fermi level gradually shifts 

downwards.  
• Finally at high temperature when the donor density is almost negligible EFn is very close to EFi 

(Energy of fermi level in intrinsic semiconductor) 

 

IN p-TYPE SEMICONDUCTOR. 

• At 0K the fermi level in a p-type semiconductor lies between the acceptor level and the valence 

band.  

• With the increase in temperature more and more holes are created in the valence band as equal 

number of electrons move to the conduction band.  

• As temperature increases the intrinsic holes dominate the acceptor holes. 

• Hence the number of intrinsic carriers in the conduction band and in the valence band become nearly 

equal at high temperature. 

• The fermi level gradually shifts upwards to maintain the balance of carrier density above and below 

it. 

• At high temperature when the acceptor density become insignificant as compared to the intrinsic 

density 



 



 



 

 

 



 

 



 

 



 

 



 



 

 

 

 



 

 

 



 

 

Effect of temperature on polarization 

Electronic and Ionic polarization are independent of temperature but orientational polarization is 

temperature dependent. If P = αE, here, P is polarization, E is the applied electric field and α is 

polarizability. In fact P = (αe + αi + αo)E, where the terms are electronic, ionic, and orientational 

polarizability. Orientational polarization is inversely proportional to the temperature. 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 



 

 



 

 



 

 

 



 

 

 



 

 

Spintronics – 
Spintronics, also known as spin electronics, is the study of the intrinsic spin of the electron and its associated 

magnetic moment, in addition to its fundamental electronic charge, in solid-state devices. Spintronics fundamentally 

differs from traditional electronics in that, in addition to charge state, electron spins are exploited as a further 

degree of freedom, with implications in the efficiency of data storage and transfer. Spintronic systems are most 

often realised in dilute magnetic semiconductors (DMS) and Heusler alloys and are of particular interest in the field 

of quantum computing and neuromorphic computing. 

GMR (Giant Magnetoresistance) – 

Like other magnetoresistive effects, giant magnetoresistance (GMR) is the change in 

electrical resistance of some materials in response to an applied magnetic field. It was 

discovered that the application of a magnetic field to magnetic metallic multilayers such as 

Fe/Cr and Co/Cu, in which ferromagnetic layers are separated by nonmagnetic spacer layers 

of a few nm thick, results in a significant reduction of the electrical resistance of the 

multilayer. This effect was found to be much larger than other magnetoresistive effects that 

had ever been observed in metals and was, therefore, called “giant magnetoresistance”. In 



Fe/Cr and Co/Cu multilayers the magnitude of GMR can be higher than 100% at low 

temperatures. 

 

 

 



 

Applications – 

MRAM can be made as discussed above, magnetic sensor can be made, hard disk reading speed can be increased 

using reading head based on GMR technology. 

 

 


