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Designers have many choices to make each of which affect
the ultimate speed of a circuit.

Width of the transistors

e lBp—glel o p— 148
Wire capacitance between gates rjo_dz'_i—:)—df
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The number of stagesin alogic path gh-aah =
[22 151 [23 [=4
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Thereisachick and the egg problem.

In order to know the width of the transistors
| need to know Cinterconnect.

In order to know Cinterconnect | need to know the area of the circuits

In order to know the area | need to know the width.

| alos need to decide which architecture to use.



| want to avoid doing several full blown designs. | want to
evaluate which circuit and architrave is best to use before |

design it.
Logical effort can be used to make these decisions.

Easy to evaluate one topology over another.

The excel sheet and logic effort are really the same thing.
(with afew minor exceptions)



Logic effort Is based on the linear delay model

d=1+p

d isthe the delay.
f isthe effort delay or stage effort.
p isthe parasitic delay if no load is attached.

f=gh

g isthelogical effort and for an inverter is defined to be 1.
histhe fanout or electrical effort.

Cout h = Cgload

h = =
Cin Cgdriver




Even though the nor and the nand have the same parasitic delay, dueto
lower hole mobilites the nor delay has a sharper slope
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logical effort
9

parasitic delay
P

Gate Type 1 2 3 4n
Inverter 1

NAND 4/3 |5/3 |6/3 | (n+2)/3
NOR 5/3 |7/3 |9/3 | (2n+1)/3
TriState-Mux 2 2 2

XOR 4 6 8

Gate

Type

Inverter 1

NAND 2 3 4n
NOR 2 3 4n
TriState-Mux 2 3 42
XOR 2 4 6 82n




There are several things not modeled by logical effort

Input arrival time (some transitions are faster
than others)

Finite slope of input signal

Feedback capacitance

(C gate to drain overlap) S S
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To estimate the delay of adigital path we used the
path logic effort and the path electrical effort.

~ Cout( path)

H=—
Cin( path)




We also need the path effort, and the path branching effort

F=0 g h
B=0Ob
i = Conpath + Coffpath
Conpath

F = GBH



Now we can find the delay

D=GBH +P

a_ pi It seemsthisisthe true equation
/ to use.

D — N ’ f + P N isthe number of stages

Note we need to know the input capacitance.
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Let’s do an example:

[
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B
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T nandz :__E{::::ﬂqndg
P=2+3+2=7
G=4/3 x 5/3 x 5/3=100/27
H=45/8
B=(C+2C)/C x (C+C)/C=6
F=GBH

D=NxFYN+P=3x5+7=22
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And another:

f=ab+bc+de T >_Lg\r
= L
'_:f:/?ﬁjjﬂ C
= and?2
O &3 .
=5 nﬂ;dz ’
P=2+1+3+1=7
G=4/3x1x7/3x1=28/9
H=45/8
B=1
F=GBH=17.5
N=4

D=NxFUN+P=4x2+7=15

13



And another:
f=ab+bc+de

A I8
Bop=B
nand.z

54955

P=2+3=5 Thisis faster!
G=4/3 x 5/3 x 1 =20/9

H=45/8

B=1

F=GBH=12.5

N=2

D=NXFUN+P=2x3.53+5=12 y



One draw back is you need to know what the Ci of the path
IS.

In the last example we saw that the nand/nand was faster than the
and or.

M=2=z
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In this case the all nand is all ways faster



Will adding two inverters speed up the design?

M=4 G==2222 B=1 P=7

N.(GHHB) T 4P 1

It does not seem so, but what if we had to drive areally large load?
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Driving alarge load will mean avery large value of H of over 100
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Should we revigit the and or?
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Should we revisit the and or?

—e— nand/nand
—=— nand/nand with buffer
and/or
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Summary

* We learned about how to estimate delay for
adigital CMOS circuit

* \We learned how to compare various circuits
for delay

* We learned that large loads need buffers
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