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MOSFET I/V Characteristics
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Voltage Transfer Characteristic ‐ VTC
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Voltage Transfer Characteristic ‐ VTC
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Switching occurs in the green region 
where both MOSFETs are saturated!
And saturation currents are equal:

Solving for VINusing x=kN/kP yields

Voltage Transfer Characteristic ‐ VTC
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The switching voltage equation

can be rewritten on a form easier to 
grasp if we introduce

Voltage Transfer Characteristic ‐ VTC
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Voltage Transfer Characteristic ‐ VTC
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Voltage Transfer Characteristic ‐ VTC
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The voltage characteristic (VTC)
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The voltage characteristic (VTC)
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The voltage characteristic (VTC)
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Noise Margins‐ NML
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Noise Margins‐ NML
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Butterfly Diagram
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Noise Margins – skewed inverters
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Noise Margins – an example
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Noise Margins – an example
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Formulas can be derived (for x=1):
VOH,min=VDD‐V/8
VOL,max = V/8
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VIH,min=VSW+V/8 

0.28 V 0.28 VV=0.64 V
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Formulas can be derived (for x=1): 
VOH,min=VDD‐V/8=1.12 V
VOL,max = V/8=80 mV
VIL,max=VSW‐V/8=0.52 V
VIH,min=VSW+V/8=0.68 V

For x=1, VTN=0.28 V and VTP=‐0.28 V 
we have VSW=0.28+0.64/2=0.60 V
and V=0.64 V
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(VOH,min, VIL,max) and 
(VOL,max, VIH,min) 
so that NMH and NML can 
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NMH=VOH,min‐VIH,min
NML=VIL,max‐ VOL,max

NMH=VOH,min‐VIH,min1.12‐0.68=0.44 V
NML=VIL,max‐ VOL,max = 0.52‐0.08=0.44 V

Let´s define valid regions 
from points where slope 
AV = ‐1!
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Summary

• CMOS inverter – schematic
• Voltage transfer characteristics (VTC)
• How to calculate switching voltage VSW

• Understand VSW dependence on kN/kP
• Understand switching current (ISC) flow
• Noise margins NMH and NML
• Butterfly diagram
• Match current curves



Why not n‐switches in pull‐up networks?
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Why not p‐switches in pull‐down networks?
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