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Abstract

This paper presents an efficient method to
estimate the maximum SSN (simultaneous switching
noise) for ground interconnection networks in CMOS
systems using Taylor's series and analyzes the
truncation error that has occurred in Taylor’s series
approximation. We assume that the curve form of
noise voltage on ground interconnection networks is
linear and derive a polynomial expression to
estimate the maximum value of SSN using «
-power MOS model. The maximum relative error
due to the truncation is shown to be under 1.87%
through simulations when we approximate the noise
expression in the 3rd-order polynomial.
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1=0.25ns, Long=5nH, C;=50pF, W,=151m
Number of rising transitions

order 5 8 10 12 15 17 20
() |(1.7842)|(1.8895}|(1.9302){(1.9595)|(1.9909)|(2.0062)|(2.0241)

2 ]2.1017]2.301612.3803 | 2.4371 | 2.4979 [ 2.5281 | 2.5635
2.0866 | 2.2850 | 2.3638 | 2.4211 | 2.4828 { 2.5137 | 2.5499
2.0789)2.2757 | 2.354212.4114 [ 2.4733 | 2.5044 | 2.5410

2.0723 |1 2.2665 { 2.3441 | 2.4008 | 2.4624 | 2.4935 | 2.5302
2.0708 ]2.2641 }2.3413[2.3978 | 2.4592 | 2.4901 | 2.5269
2.0699 | 2.2625 [ 2.3394 | 2.3966 | 2.4568 | 2.4877 | 2.5243
9 12.0694|2.2614[2.3380 ] 2.3940 [ 2.4550 | 2.4858 | 2.5223
10 {2.0690 [ 2.2607 { 2.33702.3928 | 2.4536 | 2.4843 ] 2.5207
11 ]2.0687 | 2.2601 | 2.3363 | 2.3920 | 2.4526 [ 2.4832 | 2.5195
12 [2.06862.2597 | 2.3357 | 2.3913 1 2.4517 1 2.4822 | 2.5185

3
4
5 [2.0748[2.2701 | 2.3481 | 2.4051 | 2.4669 | 2.4980 | 2,5348
6
7
8

(D

13 [2.0685 | 2.2594 | 2.33531{2.3908 | 2.4511 | 2.48152.5177
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4=0.75ns, Lgn=1nH, C:=20pF, W,=76m
Number of rising transitions

order 5 8 10 12 15 17 20
(0.3477)((0.5348){(0.6429){(0.7381) |(0.8595)|(0.9288){(1.0185)
0.324410.4786 | 0.5691 | 0.6514 | 0.7620 | 0.8285 | 0.9191
0.324410.4785] 0.5689 | 0.6510 | 0.7614 | 0.8276 | 0.9179
0.324410.478510.5688 | 0.6510 [ 0.7613 (0.8275|0.9176
0.324410.4785 | 0.5688 | 0.6510 | 0.7612 | 0.8274 | 0.9175
0.3244 10.4785}0.5688 | 0.6510 | 0.7612 | 0.8274 | 0.9175
0.3244 10.4785|0.5688 { 0.65100.7612 {0.8274 | 0.9175
0.324410.4785]0.5688 | 0.6510|0.7612 | 0.8274 | 0.9175
0.324410.4785[0.5688 | 0.6510 [ 0.7612 [ 0.8274|0.9175
0.324410.478510.5688 | 0.6510{0.7612]0.8274 {0.9175
0.324410.478510.5688 | 0.6510{0.7612 | 0.8274 | 0.9175
0.3244)0.4785]0.5688 | 0.6510 ) 0.7612 ] 0.8274 | 0.9175
0.324410.4785 | 0.5688 | 0.6510]0.7612 ] 0.8274 ]| 0.9175
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t=0.1ns, Lons=5nH, C,=50pF, W,=151m
Number of rising transitions

order| 2 5 8 10 12 15 17 20
0] (0.15) [(0.3968)](0.7566)((0.8742)[(1.0808)|(1.3932)|(1.5962){(1.8711)
2 (0.1887[0.4845|0.8013|1.0286|1.2738{1.6913(2.0231|2.6960
3 ]0.1887]0.4844/0.8005(1.0267{1.2700/1.6821]2.0090|2.6882
4 10.1887/0.4844[0.8004]1.0263{1.2688(1.6784]2.0021]2.6825
5

6

7

8

9

1
1
]
0.1887)0.4844{0.8003|1.0261 |1.2684(1.6768[1.9985{2.6781
0.1887)0.4844/0.8003)1.026111.2682[1.6760]1.9965]2.6747
0.1887]0.4844/0.8003(1.0261[1.2682|1.6756{1.9953(2.6719

1 1

1 1

1

1

1

1

0.1887]0.48440.8003
0.188710.4844{0.8003
10 10.188710.4844]0.8003
11 0.1887[0.4844]0.8003
12 |0.188710.4844{0.8003
13 |0.1887]0.4844[0.8003

1
1
.0261]1.2682|1.6754[1.9946|2.6696
.0261(1.2681]1.6753]1.9941/2.6677
.0261]1.2681|1.6753[1.9939(2.6660
1
1
3

.0261]1.2681{1.6752
.02611{1.2681(1.6752
.0261)1.2681]1.6752

.9937)2.6647
.8936({2.6635
.9935(2.6625
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t=1ns, Lgn=5nH, Ci=20pF, W=76m

Number of rising transitions
order] 2 5 8 10 12 15 17 20
) (0.16) [(0.4107)}(0.7393)|(0.8519)|(1.0273)}(1.2768)|(1.4285)(1.6189)
2 {0.2627[0.5970]0.8800{1.047811.2025[1.4152]1.5466|1.7317
3 [0.2627]0.5967]0.8789{1.0458(1.1993]1.4098]1.5395(1.7219
4 10.2627]0.5967}0.8787[1.0453]1.1984{1.4079]1.5369|1.7178
5 |0.2627[0.5967(0.8786/1.0451(1.1981[1.4072]1.5358}1.7160
6 |0.2627|0.5967{0.8786|1.0451]1.1980)1.4070(1.5353{1.7151
7 [0.2627]0.5967]0.8786|1.0451[1.1980{1.4068|1.5351|1.7146
8 [0.2627]0.5967]0.8786]1.0451}1.1979|1.4068|1.5350(1.7144
9 10.2627]0.5967]0.878611.0451§1.1979]1.4068)1.5350(1.7143
10 {0.2627{0.5967(0.8786([1.0451]1.1979|1.4068}1.5350{1.7142
11 [0.262710.5696710.8786]1.0451]1.1979]1.4068}1.5349{1.7142
12 [0.2627]0.596710.8786]1.0451]1.1979{1.4068|1.5349(1.7142
13 [0.2627]0.5967]0.8786]1.0451]1.1979|1.4068|1.5349[1.7142

E 5 [8]9 29 3 (@) U dd 23 4

t=0.5ns, Lgn=5nH, C=20pF, Wr76m

Number of rising transitions

order| 2 5 8 10 12 15 17 20
(0.1422)|(0.3764)|(0.7204)}(0.8358)| (1.037) |(1.3438){(1.5438)|(1.8107)

0.2392[0.5743]0.8889{1.0913|1.2904{1.5879(1.7892|2.1041

0.2392{0.5741]0.8878]1.0890|1.28641.5802(1.7785|2.0890

0.2392]0.5740]0.8876]1.0884|1.2851|1.5773[1.7740|2.0813

0.2392{0.574010.8875]1.0882|1.2847]1.5761]1.7718)2.0771

0.2392]0.5740{0.8875[1.0882{1.2846|1.5756]1.7707/2.0746

0.2392(0.5740]0.8875{1.0882{1.2845|1.6752|1.7699{2.0723

0.2392]0.5740)0.8875{1.0882[1.2845{1.5751|1.7697|2.0717

ale|e[vjola|a|wiv|S

0.2392{0.5740(0.8875{1.0882(1.2845]1.5751(1.7697|2.0713

11 [0.2392}0.5740[0.8875[1.0882|1.2845(1.6751|1.7696|2.0711

12 [0.2392]0.5740{0.8875(1.0882|1.2845|1.5751{1.7696|2.0709

1 1 1 1.
1 1 1 1.
1 1 1 1.
1 1 1 1.
1 1 1 1.
0.2392(0.5740]0.8875]1.0882]1.2845|1.5753{1.7702]2.0732
1 1 1 1.
1 1 1 1.
1 1 1 1.
1 1 1 1.
1 1 1 1.
1 1 1 1.

13 [0.2392[0.5740{0.8875]1.0882|1.2845[1.5750]1.7696|2.0708
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