Lecture 8
Local and Global Interconnects

Introduction to VLSI Systems



Modeling Interconnects — capacitance of a single wire-

Figure 3-13: One conductor above a ground plane

C=C,+2C, = g,6,(L13. 2 +144(2)" + 146.(5)0) (5-2)
e e e

C = total capacitance per meter (Farad/m)
Cs= surface capacitance (Farad/meter)
Cf = fnnging capacitance (Farad/m)

g, =885e ™ Faradm

g.= 3.0 for 510,

w= conductor width (m)

= conductor thickness (m)

e = dielectric thickness (m)



wires everywhere!
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Modeling Interconnects — capacitance of two wires-
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Figure 5-20: Two conductors above a ground plane
W w t 7 r‘i /
C=C,+C, =, (1.10—+0.79(—)" +0.46.(— )" (1-087¢ ¢ ) (5-3)
a e e
Cis =EsE it (‘% + 1.2(‘5)‘“ . (i +1.15)7% +0.253In(1+7.1 7% J. ) 54)7%% )
e e &

C = conductor capacitance to ground per meter (Farad'm)

Cs= surface capacitance (Farad/meter)

(5-4)



Modeling Interconnects —layout capacitance example-
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Figure 5-21: Example of interconnects roured in metal 1, 2 and 3
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Interconnect resistance

P ag

Gold resistivity

Bonding
betwesn chip
and package

2.20 107" D.cm

p tungatan

Tungsten resistivity

Contacts

5.30 107" Q.em

P waire Higbly. ﬁoped silicon | N+ diffusions 0.25 O.cm
resistivity

P wwell Lightly doped silicon | N well 50 Q.cm
resistivity

P o Intrinsic silicon | Substrate 2.5 10° O.cem
resistivity

Table 5-3: Resistivity of several materials used in CMOS circuits

Substrate

Figure 5-26. Resisrance of a conductor

where

F=seral resistance (ohm)
p=resistivity (ohm m)

w= conductor width (m)
= conductor thickness (m)
1= conductor length (m)

d = conductor distance (m)



Estimating resistance of a wire —measuring squares-
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0.05x10=0.502
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Interconnect resistance scaling
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Via resistance

Technology J. Tum 0.12um S0nm
Contact resistance |35 0 15 0 20 N
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Modeling interconnects

Lumped parameter: (C)
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Modeling interconnects (Il)

v

il fenctn (300pm)

e
_

Mzchium ancgh (800pm)

=

o,
TTem
-

o o~ e o o
Long Imerconnact kEnckh (2mim)
,.;' J)_._‘ . -":r\_-" . = | o~ *r'_"';- i | = I " _‘_ﬁ'-_ .
Delay (ps) Accurate RC mods!
1500 | C model N
valid
]
100.0 /5}
50.0 e RC ™~
modal Poor C model
valid
> Interconnect
0.0 1.0 2.0 30 length (mm)

Figure 5-43- Below Imm, the C model is valid Above Imm, the RC model should be

considered in 0.12um CMOS technology



how about inductance?
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ug=123 7e”® Him for most materials (Al Cu. S1. 510; and S13Ny)
d= wire diameter (m)

h = height of the wire vs. ground (m)
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transistor and interconnect models
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