Lect. 23: Inverters (Razavi15.1, 2, 3)

Digital Electronics

How to implement logic circuits?

=>» Inverters are the basic building block!
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Lect. 23: Inverters
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Lect. 23: Inverters

How to implement an inverter? CS amplifier configuration

Load line analysis
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Lect. 23: Inverters
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For Vv, MOSFET in triode
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Lect. 23: Inverters

Dynamics VDD VDD

. VouT:

VIN: n—{[n e VIN: ou_{ \

— CL HI-L

v A =

pull-down pull-up
RC time constant for pull-down and pull-up operation

Small R preferred for fast operation

=>» Better way of implementing inverters?
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Lect. 23: Inverters

Replace R with PMOS current source
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PMOS load line for Vsg=Vpp-Vp

Electronic Circuits 2 (15/1)

VSDp

NMOS cutoff
PMOS triode

/ NMOS saturation

/ PMOS tricde
i NMOS saturation

/ PMOS saturation

NMOS triode
PMOS saturation




Lect. 23: Inverters

VoD PMOS load line for Vgg=Vpp-Va
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Direct current path when V, is high

Static power consumption!

=» How can we shut it off when input is high?
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Lect. 23: Inverters

Complementary MOS (CMOS) Inverter

Vin = Vb
VbD
| NMOS ON, PMOS OFF
VIN —— - VouT
— C
- NMOS OFF, PMOS ON
v v 2 Vour = Voo

= The most popular building block for today’s digital electronics!
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Lect. 23: Inverters

Estimation of important parameters for CMOS inverter: Vy,, A,(Vy), NM_, NM,,

Vbbp

VIN —
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For Viy (Vin= Vour = Vi)
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Vy can be engineered with controlling k/k,
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Lect. 23: Inverters

Estimation of important parameters for CMOS inverter: Vy,, A,(Vy), NM_, NM,,
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Lect. 23: Inverters

Estimation of important parameters for CMOS inverter: Vy,, A,(Vy), NM_, NM,,

Vbbp

Noise Margin Estimation:
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Lect. 23: Inverters

Estimation of propagation delay,

¢ 1.7C
R — o P, HL
Vop g J Z) i 1 Z’g{_ anDD
o 1 € D) o
o3 A T g ¢ 1.7C
- = PLH
kaDD
1
= E(tPHL +1o )

In each cycle, Q = CV is charged and discharged over V
In each cycle, energy of CVpp?is consumed

Power consumption: fCVpp?2

=>» Make them smaller, smaller, smaller, smaller, smaler, smaiier ..
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