Module 4 : Propagation Delays in MOS
Lecture 23 : Logical Effort of Multistage Logic Networks

Objectives

In this lecture you will learn the following
e Logical Effort of Multistage Logic Networks
e Minimizing Delay along a Path
e Few Examples

23.1 Logical Effort of Multistage Logic Networks

The logical effort along a path compounds by multiplying the logical effort of all the logic
gates along the path. We denote it by the letter 'G'. Hence,

= l_[g,- {where g, is the logical effort of single gate)
i

The electrical effort along a path through the network is simply the ratio of the
capacitance that loads the logic gate in the path to input capacitance of the first gate in
the path. We denote it by the letter 'H'.

H=¢C ./C where

. o and C,. refer to the output and input capacitances ofthe path as whale

out

When fanout occurs within a logic network, some of the available drive current is
directed along the path we are analyzing, and some are directed off that path. Branching
effort (b) at the output of a logic gate is defined as

b - cm-pat.'? +coff—pat.'?

Gon-pa:h

Where %t is the load capacitance along the path and Corpotn s the capacitance of

connections that lead off the path. If there is no branching in the path the branching

effort is unity.

Branching effort along the entire path 'B' is the product of branching effort at each of
E=l_[b,.

the stages along the i path.-

Path effort (F) is defined as- F =G*8"H

The path branching and electrical effort are related to the electrical effort of each stage
as-

B*H=(C,./IC)[1b =I1h
] ]



The path delay D is the sum of the delays of each of the stages of logic in the path.

D=3d; =D +P
!
where D is path effort delay and P is path parasitic delay which are given as —

Dy =;g,.*h,. and P=;p,.

23.2 Minimizing Delay along a Path

Consider two path stages as in figure 23.21.
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Fig 23.21: An Example Circuit equating
The total delay of the above circuit is given by

D=(g,"h +p)+(g, " h,+p,)
So,H=h,*h, =¢c,/c,

Substituting hy = Hing in equation for D we get,

D=(gs " By +py)+ (g, " Hihg+ ;)
To minimize D, we take the partial derivative of D with respect to it to zero we get,
g hy=g,"h

i.e. the product of logical effort and electrical effort of each stage should be equal to get
minimum delay. This is independent of scale of circuit and of the parasitic delay. The
delay in the two stages will differ only if the parasitic delays are different.

We can generalise this result for N stages as-

BYH=[Th =h"h" .. "y and G=[]8; =04% 05" oo O
¥ 1]
So, FEGYBYH=(G, " hy) (0, " )™ o @y " 1)



Hence. Fy = (@R = (), F=F™=g,*h acD=n*F"™s+p h =F"Np,

So,
g.‘ *Co i
Cfn,l' =Tﬂ'
f

Example of Minimizing delay: Consider the path from A to B involving three two input
NAND gates as in fig 23.22. The input capacitance of first gate is C and the load
capacitance is also C . Find the least delay in this path and how should the transistors be
sized to achieve least delay?
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Fig 23.22: Example Circuit

Solution:

Logical effort of a two input NAND gate isg = 4/3

so G =((4/3)*3 =64/27 =2.37 .

B = 1 (as there is no branching) , H=Cout /7 Cin =1
Path Effort F = 64/27*1*1 = 64/27

if each stage has same parasitic delay then P = pl+ p2+p3 =6 pinv (as all are two
D=NF™ +p=3*(4/3)3/3 +6=10

[

if

input), then
Cing =8, C

aut,i

AsS,
S0,Cz=9g3*C/ (4/3)=C,Cy=9g2*C/ (4/3) =_C.
Now if Cout = 8C, then

H=8C/C=8 F=G"B"H=(4/3)"1"8=18.95,
C, =(3C)* @4/3)/(8/3) = 4C, C, =(4C)* (4/3)/(8/3) = 2C and

[

D=pFM™ ip=3*r18.96) 13 +6=14

As¥Y =8 N= — =—=3
In2 0.693

23.3 Reduction of Delay

For the minimum delay of the circuit we optimize the number of stages. Let total
number of stages be N = nl1 + n2



R

nl stages n2 stages

Fig 23.31: Example Circuit

) nt
= TN
D=HE™ 43 i+ 1Py
= D/ON=FMNInF™N )+ FNap =0
Let p=F™ 50 po.* p(t-ng =0
But the number of stages for minimum delay may not be the integer, so it is not feasible
to implement it. So we realise the circuit by either taking the number of stages greatest

integer of the obtained value or the one more then the greatest integer whatever gives
us the minimun delay.
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Fig 23.32: NP Vs Py, oraph

We will study about in more details in next chapter.

Recap

In this lecture you have learnt the following
e Logical Effort of Multistage Logic Networks
e Minimizing Delay along a Path
e Few Examples

Congratulations, you have finished Lecture 23.



