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Elmore Delay for Monotonic Responses
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• Assumptions:

– Unit step input 
Monotone output response

T50%
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– Monotone output response

• Basic idea: use of mean of v’(t)
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Basic idea: use of mean of v (t) 
to approximate median of v’(t)

)(ofchange of rate : )(' tvtv
median
of v’(t)
(T50%)  v'(t)

dtttvTD

ofmean 

)('
0∫
∞

=



Elmore Delay for Monotonic Responses

• T50%: median of v’(t), since
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Why Elmore Delay?Why Elmore Delay?

• Elmore delay is easier to compute analytically in most cases
– Elmore’s insight [Elmore, J. App. Phy 1948]
– Verified later on by many other researchers, e.g.

• Elmore delay for RC trees [Penfield-Rubinstein, DAC’81]Elmore delay for RC trees [Penfield Rubinstein, DAC 81]
• Elmore delay for RC networks with ramp input [Chan, T-

CAS’86]
•• .....

• For RC trees:   [Krauter-Tatuianu-Willis-Pileggi, DAC’95]
T ≤ TT50% ≤ TD

• Note:  Elmore delay is not 50% value delay in general!



Elmore Delay for RC TreesElmore Delay for RC Trees

• Definition
h(t) = impulse response

– h(t) = impulse response
– TD = mean of h(t)

∫
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H(t) = step response

= 

• Interpretation

∫ ⋅
0

dtt h(t) 

Interpretation
– H(t) = output response (step process)
– h(t) = rate of change of H(t)

T di f h(t)
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– T50%= median of h(t)
– Elmore delay approximates the median of h(t) by 

the mean of h(t)



Elmore Delay of a RC Tree
[Rubinstein-Penfield-Horowitz, T-CAD’83]
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Elmore Delay in a RC Tree (cont’d)Elmore Delay in a RC Tree (cont d)
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Elmore Delay in a RC Tree (cont’d)
• We shall show later on that 
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i.e. 1-vi(T) goes to 0 at a much faster rate than 1/T when T→∞
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