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Abstract: In a high speed digital integrated circuit, annex delay can be momentous and hold for factual exploration by
using moments of impulse response delay exploration has been done. EImore delay is (the first moment of impulse
response) interpretation, to moment matching approach which establish reduced order trans-impedance and transfer
function approximations. The elmore delay is swift becoming inadequate for deep submicron technologies and reduced
order transfer function delays are un-functional for use as early phase design matrices. This paper interpret access for
fitting moments of the impulse response to probability density function, so that delay can be appraisal factually for
RLC trees, it is a demonstrated that inverse gamma function provides a provable stable approximation. For prolong
delay matrices for ramp inputs to the more general and realistic non-step input, we use PERI (probability distribution
function extension for ramp input) technology. The factual model consequence compared with MATLAB simulation.
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. INTRODUCTION

There have been drastic changes in the design
methodologies of integrated circuits and systems. The
paradigm shift is one of the most important factors to
determine the integrated circuit performance. There has
been a continuous change in the feature sizes of the
integrated circuits and are well scaled down below 0.18
microns. Because of some of the interconnect limitations
the interconnect dimensions are scaled with the devices 1
whenever possible. Nowadays IC’s accommodate a large _

e. I m, = j th(t)dt
number of metallization layers and there are many more to ~ ©
come in the future. This paper generally proposes an 0
extension to Elmore’s approximation in order to match the
higher order moments of the probability density function.
A gamma function approximation is used with the RLC
trees and the moments are fitted into the gamma function
in order to characterize the gamma function. There is a

Applying Taylor series
H(s) = Z(‘_—l)s‘ j s'h(t)dt
0 I 0

Now apply different limits for findingm, ,m;,m,,m,

1
m, = h(t) j tdt
0

After solving M, we get

possibility of some wire ability problem which may result 1, — @

due to the multilevel interconnects. Once the moments are 0 2

fitted into the gamma function we can obtain the step Similarly,

response delay and the slew as a closed form expression m, = 2h(t)

thereby providing the same explicitness same as that of the

Elmore’s approximation. _ 9h(t)
, =——

2

1. BASIC THEORY-
1.1 Moment of Linear Circuit Response
Let h (t) be a circuit impulse response in the time domain
and let H(s) be the corresponding transfer function. By
definition, H(s) is the Laplace transform of h (t) [12],

H(s) = j:’ h(t)e dt
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m, =8h(t) and so on...

Now transfer function h (t) can be expressed as,
H(s)=m, +ms+m,s® +ms®+........
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H(s) =%+2h(t)+¥+8h(t)+ ..................................... 3

I1.11 Central moments-

We can used to explain the properties of elmore delay approximation by using Elmore’s distribution function analogy.
Central moments are the distribution theory concepts same as to moments.
Consider moment definition given,

-1 3
p, = el [an(t)at
a4 5
This means impulse is given response by [9, 10]

Tth(t)
y=g——= —m—l
jh(t)dt 0

Few central moments can be expressed in terms of circuit moment [11]

Vo =My,
7,.=0,
m2
Y, =2m, _m_t)
3
yy=—bm,+ 6 M (4)
mO mO

(7, ) is the area under the curve, which is unity.

(7, ) is the variance of the distribution function which measure spread of the curve from the centre.
(73) is the measure of skew-ness of the distribution function.

111 Proposed model
Elmore approximated the interconnect delay based on the analogy between non-negative impulse responses and
Probability Distribution Function (PDF). In order to capture the RC interconnect delay various probability functions
have been used with varying accuracy. The Beta distribution is a reasonably good representation of RC tree impulse
responses since it provides good “coverage” of bell shaped curves which are bounded on the left and exponentially
decaying to the right.

Beta distribution is given by[14]
B(p,q) = j:v"‘l(l—v)q‘ldv .................................... (5)

One can easily generate the PDF of Beta distribution by using Mat lab. Figure 1 given below is the Beeta distribution
PDF with P (a, b) on y-axis and X on x-axis which is generated in Mat lab 7 for different values of constants p andg.
Beta distribution PDF

RN W B Py

0.1 0.2 0.3 04 05 06 0.7

Fig.1. Beta distribution PDF for Different values of constants p and q

Copyright to IJARCCE www.ijarcce.com 8546



ISSN (Online) : 2278-1021
ISSN (Print) :2319-5940

International Journal of Advanced Research in Computer and Communication Engineering
Vol. 3, Issue 11, November 2014

I11.1 Calculation of the delay metrics-

(4¢) isthe mean,( o, )is the variance,( 7, )is the skew-ness (o, )is the standard deviation

L = 6
- (6)
_ Pq _ Pq (7)
5 5 N e PPN
(p+a)°(p+q+1) (p°+0°+2pqg)(p+q+1)
1
2(q- +q+1)?
. (@-p)(p+q 3 ________________________________________ )
(p+0+1)(pa)?
Since, o, = \/;2
Pq
0= [ ©)]
1 Juf+¢+2m)W+q+D
Note that mean , variance , slew of the impulse response
P
=M, = 10
H h D+ ( )
Pq
O, =2M, — Pf = s 11
© T (pr)(pra+) =
1
_ 2
7, =—6m, +6mm, —2m? = 2G-p)(p+Q +}) .............................. (12)
(p+q+2)(pg)?
For,p>~1q9>1
1
m{n —(n2 —4mpﬂ
e TUNURUOURRURRRPTI 13
P 2m@+m,) ( )
(o~ amp
—Nn+{n°“—4mp)2
e USROS 14
q ™ (14)

Wherer,s,t can be calculated by given formulae

r=2m} —6m’m, +6mm,

s=4m’ +4m; —12m’m, —12m?m, +12m’m, —12m’m, +12mm, —4m, —2
t=-2m? -3m, -1

The mode is obtained as[12]

B
p+q-2

mode =

Now the Expression for the Median i.e. 50% delay is given by [13]

median = %[mod e+ 2mean]

2
median = 13P *3PA=SP =0 (15)

3 (p+a)p+a+2)
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In the figure we showed step function with delay and ramp function with delay and its probability distribution function
of step and ramp. Now let us assume input of ramp with slope 2 on x- axis and delay of (T) on y axis and its PDF is
also slope has 2. now we have draw step input With delay (T) and magnitude 2and draw its PDF.

Derivative of Unit Step Function

%]
¥}

dRampfdt

T 2T T

Tirne

Ramp and its PDF

Time

Output and its PDF

Fig.2.Ramp input and its corresponding response of an RLC circuit

IV Experimental Result

we can implemented proposed delay by using gamma distribution. Now we use RLC interconnected circuit when the

driver is voltage source followed by resistor

| |
1] I

nf  oan ¥

3H
f;L} JC’)

=
(=2

60

Fig.3. RLC example

Now apply KVL in mesh 1
V(1) = % [i.(Odt+1, () -, (0] + 3%&«) —i, (t)]

Now taking Laplace transform, we get

1_1i() +1[i, (S) —i, (8)] + 351, (S) — Si, (S)]

s 2 s
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1+ 25+6s

=1(s)

Now apply KVL in mesh 2

O]
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0= m<0—|aﬂ+3 L O-LOT+ 3 p<0m+2[a)|aﬂ+4 [i,(©) —i5(1)]

Now taking Laplace transform, we get
0 =[i,(s) —iy(s)]+ 3[si, (5) — si,(5)] % i,(5)

21s? +93 +1

=i,(9)
Now apply KVL in mesh 3

=2ma)|aﬂ+4 AORACIE

Now taking Laplace transform

S ROREC) I ENCRENOYIE S
0=iy(s) %50“1 i (S)[A5 4 2]

By solving above equations we get the values of current

i,(5).i,(s) and i(s)
In order to verify the efficiency of our model, we have

extracted 208 routed nets containing 1026 sinks from an
industrial ASIC design in 0.18um technology.

V CONCLUSION
In this paper we find accurate interconnect delay for VLSI
design for step input and ramp input. Gamma distribution
function is used to derive metrics and elmore delay model
is upper bound signify less error and SPICE simulation
result will obtained.
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