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Introduction

J Designing a circuit to achieve the greatest speed or to meet a delay
constraint presents a bewildering array of choices.

= How large should a logic gate’s transistors be to achieve least delay?

* How many stages of logic should be used to obtain least delay?

¢ The method of logical effort is an easy way to minimize the delay in
a Logic circuit. By comparing delay estimates of different logic
structures, the fastest candidate can be selected or designed.

¢ Logical Effort also specifies the best no stages a logic path and the
respective transistor sizes for the given load.
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I
Basics of Logical Effort

* The Logical effort model describes delays caused by the capacitive
load that the logic gate drives and by the topology of the logic gate.

* The absolute delay of the gate can be expressed as:

d(abs) =dt

v’ Where d is unit less delay of the gate and T is the delay unit that
characterizes by a given process. For 0.6 process T is about 50ps
and 12ps for 0.18u technology.

* Delay d of logic gate can be further divided into two components.
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Basics of Logical Effort Continue

* Delay d of logic gate can be written as :
d=f+
f+R__

arasiticdela
Effort delay or P ! Y

stage effort

* Effort delay further has two components,

f=gxh Electrical effort
> logical effort

C :
h = "“t/c, : some times called fan-out
n
Coutr and Cj, are output and input capacitances respectively.
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e The logical effort of a logic gate tells how much worse it is at
producing output current than is an inverter, given that each of its
inputs may contain only the same input capacitance as the inverter.

= Delay of the logic gate increases with electrical

effort.
More complex logic gates have more logical
effort and parasitic delay.

Plots in the figure shows delay equation for
an inverter and a two-input NAND gate.

NormalizedDelay:d

2-input

NAND Inverter

g=4/3

p=2
d=(4/3)h+2

p=1
d=h+1

EffortDelay:f

! !

0 1 2 3 4 5

BlectricalEffort:
h = Cout / Cin
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Inverter’s Logical Effort

For t,in = trout

t..:
rn trout

Lrin X (Cout + Cp ) ,3 delaylg—-

B. trin < B.(Coyr + Cp ) 4 delay

- i
3 (Cout + Cp )
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Inverter:

N

Logical effort calculation

—d

1

2

; 1

NAND2:

Cfr;:'q-

g=4/3
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Logical effort & Parasitic delay of common Gates

No of Inputs Parasitic 0O Where n in
Logic Gate 1 2 3 n Delay parasitic delay
Is no. of Inputs
Inverter 1 - - - Piny

NAND - 4/3 5/3 | (n+2)/3  nPy,
NOR - 5/3 7/3 (2n+1)/3 | nP;,,
XOR(parity) - 4 12 4P iy
Multiplexer - 2 2 2 2nPiy,
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EXAMPLE 1 Fan-out 4 (FO4) Inverter Delay

dCalculate the delay for FO4 Inverter.

f=g*h=1 x 4
Piny =1
d d=f+ Py
_/_H—H \ d=4+1=5
{ ~o— d(aps) = dT
T (typically) = 12ps for 180nm technology
d(abs) = 5x12 = 60ps
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EXAMPLE 2 Delay for 4 Input NOR Logic Gate

Calculate the delay for 4 input NOR gate which drives
10, 4 Input NOR gates?  f=g*h=9/3 x 10 ; h= 10

Piny =4

d=f+Piny

d=30+4= 34

d(abs) =dt

T (typically) = 12ps for

180nm technology

d(abs) = 34x12 = 408ps
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Logical Efforts Multi Stage Logic Networks

» Logical effort ensures to get least overall delay by balancing the
delay among all stages.
» The logical effort along a path compounds by multiplying the
logical efforts of all the logic gates.
Path Logical effort G=]] g;

Path Electrical effort H="“"/.
onpath+co ffpath

C
Branching effort b =
Conpath

Path Branching effort B=[]| b;
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Path effort F = GBH

BH =2 b; =I1h;
* The delay of the path will be
D= E d i — D F + P
Dg=). gih;
P=)p;
J The path delay is least when each stage in the path bears the same
stage effort.

* For a N stage Network ,stage effort for each stage will be

- 1

f=gih;=Fn

Source:Logical Effort: Designing Fast CMOS Circuits lvan E. Sutherland Bob F. Sproull David L. Harris




The minimum achievable delay along a path will be,
R 1
D=NxFN+ P
R 1
h; =Fn/ g;

Ei= Cout—i (total)

Cin—i

The capacitance seen at the input of each stage will be,
Cin—i= Caut—i{tata.’.)/ h;
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Recapitulation

Term Stage Path
Number of stages 1 N
Logical effort g G =[]
Electrical effort h =2 H = een
Branching effort R B=[]b
Effort f =gh F =GBH
Effort delay f Dr=> f
Parasitic delay D P=Yp,

Delay d= f+p D =>d =D, +P
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