
Electronic Circuits 2 (07/1)

Lect. 20: Inverters

W.-Y. Choi

Digital Electronics

How to implement logic gates?  

Inverters are the basic building block!

(S&S 10.1-2)
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Ideally,

Signal can be regenerated



Electronic Circuits 2 (07/1)

Lect. 20: Inverters

W.-Y. Choi

Real inverters

Logic 0

Logic 1

VIH
VIL



Electronic Circuits 2 (07/1)

Lect. 20: Inverters

W.-Y. Choi

Noise Margin

Larger noise margin
smaller VIH, larger VIL

Larger |Av|
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Propagation Delay:

Transient Characteristics
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CS amplifier configurationHow to implement an inverter?

Due to load 
as well as internal 
capacitance
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NMOS inverter with R: 

Transfer Function using load-line analysis 
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Larger Noise Margin Larger |Av|

Large gm and R
VIHVIL
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Dynamics

For faster operation: Small RC

For large noise margin: Large |Av| Large R 

Better way of implementing inverter?
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Use current source instead of R
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Simplest current source?

Use PMOS
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Static Power consumption! How can we shut it off when input is high?
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Complementary MOS (CMOS) Inverter

The most popular building block for today’s digital electronics!
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Rail-to-Rail logic
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Estimation of important parameters for CMOS inverter: VM, Av(VM), NML, NMH

For VM (VIN = VOUT = VM)

Using

VM can be engineered with controlling kp/kn

Assuming VTn=-VTp and kp=kn,   VM= VDD/2 

( 3 )p nW W
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Estimation of important parameters for CMOS inverter: VM, Av(VM), NML, NMH

Av(VM)
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Estimation of important parameters for CMOS inverter: VM, Av(VM), NML, NMH

Noise Margins: 

NML = VIL

NMH= VDD – VIH 
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Estimation of propagation delay: Consider two inverters in a row

Model with 
an equivalent capacitance C
Between vO and ground
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Estimation of propagation delay: Consider two inverters in a row

1 2 1 2 3 42 2gd gd db db g g wC C C C C C C C= + + + + + +

Factor of two for Cgd since voltage on both plates changes in the opposite direction
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Estimation of propagation delay
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tp goes down as VDD goes up and L goes down 

Each cycle Q = CVDD is charged and discharged over VDD

Dynamic power consumption: fCVDD
2

Make them smaller, smaller, smaller, smaller, smaller, smaller …


