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Abstract

Fast and accurate new capacitance determination methodology for non-uniform complicated
multi-layer VLSI interconnects is presented. Since a capacitance determination of intricate
multi-layer interconnects using 3-dimensional field-solver is not practical, quasi-3-dimensional
methodology is presented. Interconnects with discontinuity (i.e., bend structure and different spacing
between lines, etc.) are partitioned. Then, each partial capacitance of divided parts is extracted by
using 2-dimensional extraction methodology. For a multi-layer interconnects with shielding layer,
the system can be simplified by investigating a distribution of charge in it. Thereby,
quasi-3-dimensional capacitance for multi-layer interconnects can be determined by combining
solid-ground based 2-dimensional capacitance and shielding effect which is independently
determined with layout dimensions. This methodology for complicated multi~layer interconnects is
more accurate and cost-efficient than conventional 3-dimensional methodology. It is shown that the
quasi-3-dimensional capacitance methodology has excellent agreement with 3-dimensional
field-solver-based results within 5% error.
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Table 1. Extracted partial capacitance and total capacitance of the
structure shown in Fig. 2.

K=1

K=2

K=3 | K4

K=5

3
K=6 | K=7 | K=8 | K=9 pHE
3

Cl10

10.50

20.00

5250 | 3360

20.70

20,70 | 20.70 | 4960 | 2530 | 25360

C20

13.90

24.30

3270 | 30.90

19.10

19.00 | 19.10 | 30.10 | 23.20 | 212.30

C30

7.98

2080

30.50 | 30.10

19.80

1820 | 19.80 | 30.80 | 21.40 | 199.78

1390

24.30

33.30 | 43.00

30.20

30.10 | 30.20 | 3350 | 23.20 | 261.90

1050

20.00

36.20 | 35.70

20.00

2170 | 2000 | 3650 | 25.30 | 226.20

C12

0.833

3.850

0974 | 4960

3.050

3050 | 3.050 | 5730 | 0.142 | 25.639

C13

0.024

0.054

0.079 | 0.223

0.149

0137 | 0149 | 0223 | 0.055 | 1.093

Cl4

0.016

0.016

0.053 | 0.104

0.030

0.064 | 0030 | 0.104 | 0037 | 0453

Cl5

0.008

0.012

0.026 | 0.036

0.019

0.022 | 0019 | 0.036 | 0018 | 0194

C23

2.300

0.89%6

4960 | 4910

3.000

3020 | 3050 | 4910 | 3430 | 30.526

C24

0.074

0.025

0241 | 0.223

0.045

0137 ] 0045 | 0223 | 0.167 | 1179

C2%

0.016

0.016

0.053 | 0.048

0.025

0.029 | 0025 | 0.018 | 0037 | 0.29

C4

2.300

0.896

4960 | 5.730

0.887

3820 | 0.887 | 4960 | 3430 | 27.870

C3H

0.024

0.054

0.079 | 0.079

0.050

0.049 | 0050 | 0.079 | 0.055 | 0519

C45

0.833

3.850

0.205 | 0.974

3.850

0.896 | 3850 | 0.204 | 0.142 | 14.804
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AR

2. Comparison Quasi-3D capacitance and
3D-field-solver-based capacitance of
a structure shown in Fig. 3.

Capacitance [fF]

Field-solver | Quasi-3D | Error(%)
C10 465 457 172
C20 452 457 -1.11
C30 39% 402 -1.77
C40 658 679 -3.19
(650] 422 430 -1.90
C12 56.7 539 494
C13 1.750 1.600 857
Cl4 0493 0671 -36.11
Clb 0.156 0.318 -103.85
C23 398 31 11.81
C24 1.800 1.600 1111
C25 0.331 0477 -4411
CH4 M1 515 481
C3b 1.070 1.040 2.80
(075} 425 378 11.06
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[unit: Lm] 20 [ ithiayer
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system ground 5
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20

3 113 4 t2

5
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20

[Unit:pm]
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0.8 16

(d 15 -
07 12 24 AN AdAEs e A% R
g o uld T2 12
Fig. 12. Complicated multi-layer structures for the 1
determination of the quasi-3D capacitance. 10

Blae] 2&:e uile] Wit} nlo} 7 BALEEMy 5
o} F52 ufjalo] vl vle}l ZE & ¥} 4‘ H
whd wsleh F7he PR URRell 7 Bl o)
AR ENE wdt 24F 33 AARA =5 ou
L. 83 ] =2 3 = 1
& g3l AMNREE Tk ol A A @& 0 5 6 9101112 20
5% FH2=A (B, Cpunat Chrmpt Crnc) AA )
o) ARNNEAS & 5 Qlok 23 139 A8 a2l 13, B3 wiA 72 (@) wAdTE () AT
= ool gg 7 o) AgAEact & A" 2] A5 _ '

= oIl el 123 Fig. 13. Non-homogenous multi-layer interconnects
28 B Vel viehdlisieh. E IVlA] B5%el &t with bends, vias, and spacings.
gk Fel dig AR GA Aiokd WS AR (a) layout structure. (b) dimension of the
ste] A 7 5 US4+ Uk structure.

z 3. 2% 126 g APzt Py
Table 3. The Accuracy and Runtime Comparison of Fig. 12,

3D field-solver this work
structure - - Error[%]
total Cap[fF']| run timelsec] ! total Cap.[fF ]| run time[sec]
Fig. 12(a) 453 2159 464 24
Fig. 12(b) 45 1771 473 ” 51
Fig. 12(c) 448 2063 455 1.6
Fig. 12(d) 404 2242 3.78 6.4
Tptal 8235 sec] 336[sec]

(273)



82
® 4. 2% 13 o 7F ¥-2o) AsA"a
s & AR

Table 4. Partial capacitances and total capaci-

tance of Fig. 13.

3D-field
-solver
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Error
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431 1.78
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14ef|A1 AT Aalede]] AL
CMOS CdtHEH %&f (W L) pmos= (100/0.35) 2}

Aot ﬂJM
2 Jel] slal 2

test node

v, Celll f— =«+» —{ Cell 10
LT 2
v, ¢ ) | L
- I lem ! 4
(@)

Switching|  Switching condition Test
Type node
Test Signal v, v, v,
. Signal
Case-A 051|0-1[0>1 delays
00
No
Case-B 0->1 input 0 -» 1 | Crosstalk
signal
(b)

O 14, gekel udFxE 28 dAE 3R (@) §
7132 () 293 =4

Test circuit model for various interconnect
structures. The circuit is cascaded with 10
cells composed of interconrect lines. (a)
Circuit  configuration. (b)  Switching
conditions.

Fig. 14.
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149 24A 24 Bell digt A3k
Signal transients for the network using the
cell of Fig. 14. (a) The signal transients
due to the switching case-A of Fig. 14.
(b) The crosstalk noises due to the
switching case-B of Fig. 14.

Fig. 15.
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