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VLSI Interconnect Delay Analysis Method for
Ramp Input Signal

GoRro Suzuki! and NoBUYUKI MIHARAT!

Many methods for VLSI interconnect delay analysis based on the transfer
function have been developed instead of differential equation base circuit anal-
ysis. This paper proposes transfer function base method named DPW. DPW
employs conventional Weibull distribution method, but we modified it to cope
with ramp form driver output signal calculated by popular effective capacitance
base gate modeler. This proposal method yields very high accuracy compared
with conventional Weibull distribution method. Experimental results are pre-
sented using industrial VLSI design data.
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Fig.1 Driver gate output ramp signal form.
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Table 1 Transfer function pole distribution.

pole order 10 | 10* | 10’ | 10" | 10" | 10 | 10® | 10"

100 1 4 10 38 47
ladder 500 5 17 51 191 234
1000 10 32 104 381 468
100 2 12 38 46
tree 500 18 52 190 234
1000 10 32 104 384 466
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Table 2 Analysis error rate vs. input signal T'r.

Tr(ps) WED error (%) DPW error (%)
ps 20% 50% 80% 20% 50% 80%
10 28.6 3.3 2.2 15.8 2.3 4.8
20 37.4 9.4 1.0 13.7 1.8 4.2
30 45.2 15.5 4.2 12.0 1.3 3.7
40 52.1 21.7 7.8 10.5 0.7 3.0
50 58.1 27.8 11.6 9.0 0.2 2.2
80 72.6 46.6 23.8 4.1 2.4 0.3
100 80.1 58.8 332.6 0.3 4.2 2.0
Voltage(V)
Vee
0.8Vcee . .
. — - - driver gate wave form
0.5Vee .
—— Spice wave form
0.2Vee.

= = - DPW(WED) wave form

Time(ps)
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Table 3 Analysis error rate vs. RC circuit size.

node # Elmore WED error [%] DPW error [%]

error|%|| 20% 50% 80% 20% 50% 80%
50 145.3 133.0 168.4 102.3 59.9 14.1 97.9
100 18.7 72.6 46.6 23.8 4.1 2.4 0.3
ladder 200 18.6 38.3 10.2 1.6 14.6 1.1 3.6
300 24.1 30.0 4.8 0.9 18.7 0.2 3.2
400 24.3 28.4 4.6 0.4 21.9 1.8 1.7
500 22.5 29.3 6.4 0.9 25.1 4.6 0.1
¢ 400 21.4 29.7 6.7 0.4 19.0 2.1 1.6
¢ T7g00 | 208 | 27.9 7.6 20 | 2541 6.4 1.5

2 fanout
1000 17.2 31.5 11.2 4.9 29.8 10.5 4.5
tree 400 27.8 31.3 9.1 3.4 17.3 3.2 0.7
800 29.6 23.4 7.2 3.8 19.7 5.7 3.1
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1000 20.4 26.0 14.4 17.0 23.7 14.4 17.0
tree 400 10.8 52.6 22.2 9.0 35.9 13.3 4.9
800 27.1 28.9 6.0 0.8 23.8 3.9 0.2

4 fanout
1000 27.8 26.7 5.3 0.8 23.4 3.9 0.8
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Fig.2 100 node ladder evaluation circuit.
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Fig.3 Rising signal response at receiver gate.
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Fig.4 Falling signal response at receiver gate.
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Table 4 Rising signal delay time.
Spice(ps WED(ps DPW(ps
20% | 50% | 80% [ 20% | S0% | 80% | 20% | 50% | 80%
79.8 | 126.9 | 209.8 [ 33.5 | 864 | 1751 | 77.2 | 124.9 | 209.3

05 OJ0OO0OD0O0OOOOODODO
Table 5 Falling signal delay time.
Spice(ps WED(ps DPW(ps
20% | 50% | 80% [ 20% | S0% | 80% | 20% | S50% | 80%
209.6 | 1269 | 79.8 | 175.1 | 86.5 | 33.5 | 209.3 | 124.9 | 77.2
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