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MOS I-V Characteristics

• N-MOS Operation - Cutoff
• VGS < Vth

• No inversion region is formed
• No electrons flow from source to drain

• No current flow from drain to source
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MOS I-V Characteristics

• N-MOS Operation – non-saturation
• VGS > Vth

• Inversion region is formed
• Electrons can flow from source to drain

• Current can flow from drain to source

• Greater VGS → deeper channel →more current
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MOS I-V Characteristics

• N-MOS Operation – saturation
• VGS > Vth , VDS > VDSsat

• Inversion region is formed
• VD is high enough to counteract the VG near

the drain → “pinch-off” of the channel

• No additional current flow is allowed
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increasing VGS

VDSsat = VGS - Vth

VDSsat

𝐼𝐷 = 𝐾𝑛 𝑉𝐺𝑆 − 𝑉𝑡𝑛
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MOS I-V Characteristics

• P-MOS Operation - Cutoff
• VSG < Vth

• No inversion region is formed
• No holes flow from source to drain

• No current flow from source to drain
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MOS I-V Characteristics

• P-MOS Operation – non-saturation
• VSG > Vth

• Inversion region is formed
• Holes can flow from source to drain

• Current can flow from source to drain

• Greater VSG → deeper channel →more current
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𝐼𝐷 = 𝐾𝑝 2 𝑉𝑆𝐺 − 𝑉𝑡𝑝 𝑉𝑆𝐷 − 𝑉𝑆𝐷
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MOS I-V Characteristics

• P-MOS Operation – saturation
• VSG > Vth , VSD > VSDsat

• Inversion region is formed
• VD is low enough to counteract the VG near

the drain → “pinch-off” of the channel

• No additional current flow is allowed
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VSDsat

VSDsat = VSG - Vth 𝐼𝐷 = 𝐾𝑝 𝑉𝑆𝐺 − 𝑉𝑡𝑝
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MOS I-V Characteristics

• N-MOS Depletion Mode 
• Inversion region is built into the device
• Vtn < 0
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VDSsat = VGS - Vth

VDSsat

𝐼𝐷 = 𝐾𝑛 𝑉𝐺𝑆 − 𝑉𝑡𝑛
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𝐼𝐷 = 𝐾𝑛 2 𝑉𝐺𝑆 − 𝑉𝑡𝑛 𝑉𝐷𝑆 − 𝑉𝐷𝑆
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MOS I-V Characteristics

• Parameters 𝐾𝑛 =
𝑊𝜇𝑛𝐶𝑜𝑥
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2

𝐼𝐷 =
𝑘′𝑝
2

𝑊

𝐿
2 𝑉𝑆𝐺 − 𝑉𝑡𝑝 𝑉𝑆𝐷 − 𝑉𝑆𝐷
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MOS Gate Capacitance

• Parameters
• W – Transistor Width

• L – Transistor length (channel length)

• tox – thickness of the oxide
• 15-20 Angstroms – 3 to 4 atom layers

• 1.5 – 2.0x10-9 m

• ε0 – permittivity (dielectric constant) of free space
• 8.85x10-12F/m

• ε r(Si02) – relative permittivity multiplier for SiO2

• 3.9
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