Lecture #24
CMOS Logic Design

Describe and analyze the dynamic behavior of the CMOS logic inverter.
Describe and analyze basic CMOS NOR and NAND logic gates.
Describe and analyze MOS transmission gates and their usein MOS logic circuits.

Lecture 24

24 -



Dynamic Behavior of CMOS Inverter

Vi:5V
5V
(0)V/
kn 2 dVo
E(VGS_VTN) :_CE for VopV1TNSVYo< VDD
Vg dvo
kn(VGS_VTN_E)Vo = _C_dT for O'SVDDSVOSVDD_VTN
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For CMOS inverter with Vpp = BV, Vyy = 1V and Vo = OV.

TpHL = 1.29RonnC =

0.3222

Kn

The L to H propagation delay with Vpp = 5V, V1p = -1V and Vg = V.

Toy = 129R,, C =

0.3222 for

Kp
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Static and Dynamic Power Dissipation

Dynamic power dissipation is |Py = CV3f
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Switching power dissipation - ing = 0 for v <V and v > (Vpp = |V1p)).

For Vi<V, <(Vpp—|V1p)): ips#0 and the current peaks when v, = vg = V572

For high speed CMOS, |Pg,,,~0.2t00.3 P (24)

Example: A CMOS inverter has Vi, = -Vip =1V, K/ = ZOuA/VZ,
Ky = 150A/VZ, (W/L)y = (W/L)p = 20/1 and Vpp = 48V.  What is
the peak current in the logic gate and at what input voltage does it

occur.
K.’ K.’

n 2 _p 2
T(VIV)N(VGS‘VTN) =5 (VI\QP(VSG"'VTP)

20><1o‘6(2_o) v _1)? = 15x10°
2 (1)WY 2

,V:38+Lw
I 115+1

(ZTO) (48-v, —1)° = 115(v, - 1) = 38—V,
= 2,30V

201070
“ipeak = T 5

(219) (2.30—1)° = 338uA
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CMOS NOR and NAND Gates
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Three Input NOR Gate
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Three Input NAND Gate

SV
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MOS Transmission Gate

Useful in analog and digital design.

It is a bi-directional resistive connection between v, and Vo.

R...R

: . . _ onp' ‘onn
The equivalent resistance is REQ = 5 X RO

on nn
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Input Voltage (V)

Ronp = o for Vv, <1.36V PMOS is OFF.

Ronn = « for v, >3.64V NMOS is OFF. Canuse R < 1/K in design.
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	For high speed CMOS, (24)

