Digital ICs — Lectures

1) Introduction [Ch. 1] TSEIO3/TSTE86
2) Devices [Ch. 3, 4] TSEIO3/TSTES86
3) Interconnect [Ch. 4, 9] TSTES86
4) Circuits [Ch. 5] TSEIO3/TSTE86
5) Combinational logic [Ch. 6] TSEIO3/TSTES6
6) Sequential circuits (Ch. 7] TSEIO3/TSTES6
7) Synchronization [Ch. 10] TSTES86
8) Adders [Ch. 11] TSEIO3/TSTE86
9) Multipliers [Ch. 11] TSTES6
10) Memory [Ch. 12] TSEIO3/TSTES86
11) Manufacturing [Ch. 2] TSTES86
12) System design [Ch. 8] TSTES86
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MOSFET Operation

{ i ‘(D

chdnncl

Cut-off region: Vi, =V; Current: I, =0
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Resistive (or Linear) Region

Ves>Vr G Ver>Vr
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Conduction: Yo =V,

Resistive region: V., >V, =V, -V, >V,

= Vps < Vs = Vr =V5r
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Resistive Operation
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Analyze charge and
integrate over channel
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Resistive Current

Current. [,= k'%(VGTVM - %Vﬁs)

where
k' is the process transconductance
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Threshold Volfage
V.=V, + ?(\/‘VSE -2¢,|- \/m)

where
Vris the threshold voltage
Vipis Veat Vgg=0
v is the body-effect coefficient
Oy is the Fermi potential
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I(V) Plot of Resistive MOSFET
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What happens to
the right of the
resistive region?

Vop s V7!




I(V) Relations
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Saturation Condition

Ves>Vr G Vgp<Vy

Saturation region: Vi > Vi, Vs > Vs = Vi = Viip
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Saturation Operation

Ves>Vr G Vgp<Vy
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Channel is pinched off at L'= V(L") =V -V, =V
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Saturation Current

W Vér

Current: I, =k'—
L. 2

(14 AVis)

where
A is the channel-length modulation

© Mark Vesterbacka Devices




Velocity Saturation

VSEI= 105 m/S

Constant velocity

Constant mobility
(slope = p)

I - =

E,=1.5Vium




Velocity Saturation Current

Velocity saturation region: O S O T
Current: I, = k'E(VHVmﬂ = lVDEEAT)

L 2
where

Vhsaris the Ve at which velocity saturation occurs
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Unified Model for Manual Analysis

Ip =0 for Vgrp<0

W anin'
I = KT (VarVmin——22) (1 + AV pg) for Vr2 0

e with V., = min(Vgp, Vs, Vpsar)s
Vor=Vags—Vr,

and V, = Vm+?(,,/|-2¢p+ Vs&l - 4|‘2¢F|)




Complementary MOS (CMOS)
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PMOSFET

Assume all variables
negative

Ip (A)

-2.5 -2 -1.5 -1 -0.5 0




Process Parameters

Table 3.2 Parameters for manual model of generic 0.25 pm CMOS process (minimum length

device).
Vip (V) ¥ (V™) Vogar (V) k' (AV?) AV
NMOS 0.43 0.4 0.63 115 % 10°¢ 0.06
PMOS ~0.4 0.4 -1 -30 % 107¢ 0.1
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