
Nanoscale MOSFETs – Equations 

 

Planck’s Constant ℎ = 6.602 × 10−34 𝐽𝑠; ℏ = ℎ/2𝜋 
Permittivity of free space 𝜀0 = 8.85 × 10−12 𝐹/𝑚 
Electron Charge 𝑞 = 1.602 × 10−19𝐶 
Electron Mass 𝑚0 = 9.11 × 10−31𝑘𝑔 
Boltzmans Constant 𝑘 = 1.38 × 10−23 𝐽/𝐾 
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Thermal Velocity 
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Fermi-Dirac Integrals: 𝐹𝑗(𝜂𝐹) =
1

Γ(𝑗+1)
∫

𝜂𝑗

1+𝑒𝜂−𝜂𝐹
𝑑𝜂

∞

0
 

Normalized Fermi Energy: 
𝜂 =
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, 𝜂𝐹 = (𝐸𝐹 − 𝜀(0))/𝑘𝑇 

Normalized Drain Energy 
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Non-degenerate 𝐹𝑗(𝜂𝐹) → 𝑒𝜂𝐹 
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Derivative 𝑑𝐹𝑗(𝜂𝐹)

𝑑𝜂𝐹
= 𝐹𝑗−1(𝜂𝐹) 
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1D Electrostatics: 

Bias self-consistency Threshold Voltage 
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3D Electrostatics 

 

 

2D Ballistic FET Expressions  

 General Degenerate 

Sheet-Charge 
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For I-: 𝜂𝐹 → 𝜂𝐹 − 𝑈𝐷 

1D Ballistic FET 
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General FET Model 

Level Broadening 
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Transmission 𝑇(𝐸) =
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Scattering: 

Transmission 
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Linear and QCL Current 𝐼𝑠𝑐𝑎𝑡𝑡 = 𝑇 × 𝐼𝐵𝑎𝑙𝑙𝑖𝑠𝑡𝑖𝑐 

Mean free path/mobility relationship 𝜆0𝑣𝑇
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