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(Improvement of Delay and Noise Characteristics by Buffer Insertion)
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Abstract

For deep submicron (DSM) very large scale integrated circuits (VLSI), it is well known that interconnects have become
the dominant factor in determining the overall circuit performance. Buffer insertion is an effective technique of interconnect
optimization. When a net has an excessive propagation delay, one or more buffers can be inserted to reduce the delay.
Buffers also reduce the crosstalk between neighboring wires. While many conventional methods insert buffers net by net,
we have developed new techniques in which buffer locations are simultaneously optimized for all nets. This is to avoid the
difficulties in finding the right ordering of nets for buffer insertion, since several nets may compete for a buffer location.
We also study buffer insertion with multiple fan-out nets to optimize critical path delay. Elmore delay model is used for
delay calculation and the number of buffers for each net is determined to optimize the delay.
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R unit length wire resistance 0.075
C unit length wire capacitance 0.118
Kb intrinsic delay for buffer 36.4

Csi/Cb | sink/input capacitance of buffer 23.4

Rso/Rb| source/output resistance of buffer | 180
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Fig. 2. Crosstalk modeling.
¥ 2. Far-end crosstalk
Table 2. Far-end crosstalk.
Az e] Zol(um) voltage(v)
500 0.168
600 0.179
700 0.192
1000 0.224
1200 0.242
1500 0.265
2000 0.295
2500 0.317
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Table 3. Crosstalk with buffer inserted.

Voltage(v
2el(um) 1 buffer : )2 bufiers

700 0.087

1000 0.098

1200 0.1

1500 0.11

2000 0.124 0.071
2500 0.133 0.082
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2. Compute the number of buffers for each net in N

3. Determine available regions for buffer insertion.

4. Assign forces for each buffer to feasible regions for
unprocessed most critical nets such that the total forces
assigned for a buffer become 1.

5. Find sum of all forces assigned for each feasible
buffer region.

6. Buffer assignment
a. To the region with the highest total force, assign

buffer with the highest force.

b. Update forces after the assignment.

c. If forces can not be distributed for the given buffer
locations, find a nearby available buffer region, if
there exists one. Otherwise, exit with failure.

d. Go to step4, and repeat the iteration, until all nets

are processed.
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Table 5. Crosstalk noise reduction due to buffer insertion.

Length Voltage(v)
(um) | O buffer | 1 buffer |2 buffers | 3 buffers |
700 0.192 0.087
1000 0.224 0.098
1200 0.242 0.1
1500 0.265 0.11
2000 0.29 0.124 0.07
2500 0.317 0.113 0.082
3000 0.336 0.14 0.086 0.065
E 6. HE & F XEAZE A
Table 6. Delay reduction after buffer insertion.
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Table 7. Results of buffer insertion.

A 54 Ao 4 1ol @
critical path| Sink 4 | AGA L& j; ? :j /\i:l(j
delay(ps) g-& sink i
C1 668 7 2 1 543
C2 908 7 3 2 536
C3 &N 9 5 4 586
4 1099 7 5} 4 596 i
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