EE 434
Lecture 316

Propagation Delay in Logic Circuits



Review from last time

Device Sizing

Sizing Strategies

e Minimum Size

‘{EMZ e Fixed Vig;p

Vin — V  Equal rise-fall times
ouT . .
(equal worst-case rise and fall times)
‘{I_:Nh T C . L
il * Minimum power dissipation
< e Minimum time required to drive a given load

* Minimum input capacitance
4 design variables {W,,W,,L,,L,}

Invariably will select L,=L,=L,,
2 degrees of freedom {W,W.,}



Review from last time

Device Sizing

Equal Rise/Fall Device Sizing Strategy
-- (same as Viz,p=Vpp/2 Iin typical process considered in example)

Assume p /u,=3  L,=L=Ly\

VDD
W =Wy, W=3W,
‘{ M2 CIN =COX (WMINLMIN +3WM|NLM|N ) - 4COXWMINLM|N
Vin Vour tHL=tLH=L
| RPDCL
~{ M, ‘T C. 2
tPROP =tHL +tLH=—

v RPDCL



Review from last time

Device Sizing

The reference inverter

VDD

Assume p /p,=3  L=L=Lyn W =Wyn W

CREF =CIN = 4COXWMINLMIN

tPROP =ll:HL +tLH =

RepCy

Vour

P

3W

n



Review from last time

Device Sizing

The reference inverter pair Assume p./u,=3

Lo=bp=luin Wi=Wyn, Wp=3W,

VDD VDD
~Hjl\/lz ~Hjl\/lz Crer= 4C o, Wyl
Vour Vour _ _
Vin T C. 1= Crer=4C o, Wik un

{I:ml {I:ml T

l
Y Y L Vm=2Vpp L
Roprer = MIN _ MIN
lLlnCOXWMlN (VDD _VTn) ILlnCOXWMlN (O&/DD)
2
teer =tuirer Thiirer =
ReorerCrer

CIN = CREF =4COXWMINLMIN



Review from last time

| ~ Device Sizing
Equal Rise/Fall Device Sizing Strategy
-- (same as V.z,p=Vpp/2 In typical process considered in example)

Assume p /u,=3  L,=L=Ly\

VDD Vob Vbp
Ax —{ Max A1—{ [tMm Az_{ [1422’ L 'Ak_{ [:Mzk
—| lth .
¢ Vour
ViN Vour Az _{EM” Ak_{ EAW
A —{ Mo, .
—| l:M1 Vout Az_{ Mo
v A, —{I:Mn Az_{[%‘/lm L) .Ak_{[%‘ Mk A1_{ M
v
INV k-input NOR k-input N@R/ P
v
W =Wy Wo=3Wyy  WimWne Wo=3KkW,,,, Wi=kWiins W, =3Wyyy
(3%
CIN =CREF v CIN=(¥j CREF CIN_( 4 jCREF



Review from last time

Device Sizing

VDD
Voo A« —E‘Mzk
o A1_{ jM21 Az_{ [I/lzz’ o 'Ak_{ [:Mzk
—| [Mz :
Vour ~ _EM22 A M Yo
A4 —{ Mo, _ﬂ.
_||: Vour .
M
Az_{ Moy
A _{I_:Mﬂ A2—{[%‘A12 oo .Ak_{[%‘ My
< A—[ M
N .
INV k-input NOR K-input NOR

C,\ for N, p gates is considerably smaller than for NOR gates for equal
worst-case rise and fall times

C,\ for minimuim-sized structures is independent of number of inputs
and much smaller than CIN for the equal rise/fall time case Ret
\

or PPD bl
Rp gets very large for minimum-sized NOR gate
[



Propagation Delay in Multiple-
Levels of Logic with Stage Loading

Analysis strategy : Express delays in teyms of those of reference inverter
Vop CREF =CIN= 4COXWMINLMIN
—”th Roprer = Lyin VT”:;ZVDD Ly
v Vour “nCOXWMIN (VDD 'VTn ) “nCOXWMIN (O'SVDD )
—|D”1 2
tREF =ll:HLREF +tLHREF = R C
N4 \ PDREF ¥ REF
‘\

Assume p /u,=3  L,=L=Ly\

W =Wyine Wp=3Wyin



Propagation Delay in Multiple-
Levels of Logic with Stage Loading
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Propagation Delay in Multiple-
Levels of Logic with Stage Loading
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Propagation Delay in Multiple-
Levels of Logic with Stage Loading
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Propagation Delay in Multiple-
Levels of Logic with Stage Loading
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Propagation Delay in Multiple-
Levels of Logic with Stage Loading
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Propagation Delay in Multiple-
Levels of Logic with Stage Loading
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Propagation Delay in Multiple-
Levels of Logic with Stage Loading
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