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Overview

• Structure of MOSFET

• Short Channel effect

• FIBMOS and its Structure

• Methods

• Results

• Conclusion



MOSFET

Fig 1. Structure of an n-type MOSFET



Short Channel Effects

• Threshold instability

• Punchthrough effect

• Reduced Output resistance

• Hot electron degradation



FIBMOS

Fig 2. Device Structure of FIBMOS



Device Parameters



Constant Field Scaling



METHODS
• Semiconductor Module was used in order to design the devices and 

perform study on them

• 350-nm devices were designed and were scaled further down by factor of 
k = {0.7, 0.5, 0.35} that is channel length of {245-nm, 175-nm, 122.5-nm} 
using parametric sweep

• Two different user-defined mesh were made according to needs of the 
simulation

• Mobility Model and Recombination Model were implemented to increase 
fidelity of the physics

• Solver settings were changed accordingly to facilitate the models used and 
to converge to a solution

• Fermi-Dirac Distribution of particle was implemented



Equation Used

• Poisson Equation
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• Continuity Equation
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• Energy-Transport Model
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Mesh

24592 domain elements
398 boundary elements

25910 domain elements
1068 boundary elements

Fig 3. User-defined meshes



Doping Profile

(a) (b)

Fig 4. Doping Profile of (a) MOSFET and (b) FIBMOS device



Transfer Characteristics

Fig 5. Transfer Characteristics of (a) MOSFET and (b) FIBMOS device

(a) (b)



Subthreshold Conduction

Fig 6. Subthreshold current of MOSFET (dashed) and FIBMOS device (solid) 



Conduction band energy level

Fig 7. Conduction band energy level of (a) MOSFET and (b) FIBMOS device

(a) (b)



Output Characteristics

Fig 8. Output Characteristics of MOSFET (red) and FIBMOS device (blue) 



Lateral Electrical Field

Fig 9. Lateral Electrical Field inside the channel of MOSFET (red) and FIBMOS 
device (blue) 



Electron Concentration inside the channel

Fig 10. Electron Concentration inside the channel of MOSFFET (red) and 
FIBMOS device (blue) 



Conclusion

• Threshold stability

• Greater resistance against Punchthrough effect

• Higher Output resistance

• Greater resistance against Hot electron degradation

• Hence, FIBMOS shows characteristics closer to ideal 
transistors
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Appendix



Mobility Model

• Arora Mobility Model

• Phonon scattering and Impurity scattering

• Fletcher Mobility Model

• Carrier-carrier scattering

• Lombardi Mobility Model

• Surface scattering (Perpendicular Electrical Field)

• Caughey-Thomas Mobility Model

• High Field Velocity Scattering (Lateral Electrical Field)










