Elmore Delay in RC Networks
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The Elmore delay model estimates the delay of an RC ladder as shown in Fig. 1. The Elmore delay (Tp)
is the sum over each node in the ladder of the resistance R,_; between that node and the source (V;,),
multiplied by the capacitance on the node:
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here R,,_; denotes the total resistance from the source to the node 3.
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Figure 1: RC ladder

For a distributed RC ladder with all resistances equal to Rgand all capacitances equal to Cm, the Elmore
delay is simplified as
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Note that the 50% output propagation delay (¢4), discussed in the class, is given by 0.7 times the Elmore
delay, i.e. t4 =0.7-Tp.

In general, a wire branching into many destination can be modeled as an RC tree. The Elmore delay from
the source to node i of an RC tree is given by
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where NN is the number of nodes in the tree, C} is the capacitor on node k and Ry; is the effective resistance
between the input and node k£ in common with the path between the input and node i. This expression
simplifies to the simple product of resistance and capacitance for each node in an RC ladder. In RC trees,
the capacitance on branches away from the path to the output is conservatively lumped as if it were at the
branch point on the path. The following example will illustrate this method.
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Example 1

Find the Elmore delay the the nodes V3 and V,,¢4 in the RC tree shown in Fig. 2.
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Figure 2: RC Tree

Applying the equation 3 for finding the Elmore delay at node V,,;3, we can redraw Fig. 2 as shown in Fig. 3.
Here the capacitor Cy is not in the signal path and thus it is lumped at the branching point (i.e. resistance
R, is ignored in the delay estimation).

R4 Vout4

O i A

Figure 3: Estimation of Elmore delay at V,,;3 in the RC tree.

The Elmore delay at V3 is now easily calculated as

Tps = R1C1 + (R1+ R2) C2+ (R1+ Ra+ R3) Cs + R1Cy (4)

Similarly, for finding the Elmore delay at node V.4, Fig. 2 is redrawn as shown in Fig. 4. Here the
capacitors Cy and Cs are not in the signal path and thus are lumped at the branching point (i.e. resistances
Ry and Rj are dropped in the delay estimation).
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now easily calculated as

Example
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Figure 4: Estimation of Elmore delay at V,,;3 in the RC tree.

Thus, the Elmore delay at V4 is given by

Tpy = R1Cy + RCy+ R1Cs + (R1 + R4) Cy (5)
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