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Today’s Lecture
• Wiring or interconnections and their 

performance impact
– Contribute to delay, RC
– Coupling capacitance between wires

• Interconnect variation
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Reverse Scaling of Interconnects
• Gate delays 

reduce with 
technology scaling

• Global 
interconnect 
delays increase 
with scaling 
– Interconnects 

must be 
included in 
analysis and 
optimization
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# of metal layers is steadily increasing due to:
• Increasing die size and device count: we need more 
wires and longer wires to connect everything

• Rising need for a hierarchical wiring network; local 
wires with high density and global wires with low RC

0.25 μm wiring stack

Interconnect: # of Wiring Layers
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Interconnect Parasitics

5

• Classes of parasitics
– Capacitance
– Resistance
– Inductance

• Impact of interconnect parasitics
– Increases propagation delay
– Energy dissipation and power distribution
– Reliability and signal integrity



Wire Resistance
Resistance of any “square” is roughly 
constant
Key: thickness is the same
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Sheet Resistance of Materials
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Representative

Sky130 (note mohms)



Sky130 Resistances
Split into two to be visible
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Wire Capacitance
• Two components

– Parallel plate cap.
– Fringe cap.
– Units per mm usually

• Coupling
– Intra-layer
– Inter-layer
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Coupling Capacitance
• To reduce interconnect resistance, thickness is not 

scaled as aggressively as the width of the interconnect
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• Tall wires (high aspect 
ratios)

• ~2.4 in 90nm



Sky130 Capacitances
NOTE: Adjacent capacitance depends on 
spacing! This will be done by “extraction”.
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Interconnect Modeling: Elmore Again!
• Lumped capacitance model is what we use for 

device/gate analysis
• Lumped RC model

– For simple one segment RC:
• 50% Delay = 0.69*RC
• 10-90% Slew = 2.2*RC

• Distributed RC line model
– More accurate for interconnect analysis

• 50% Delay = 0.38*RC
• 10-90% Slew = 0.9*RC 
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Interconnect Delay
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Equivalent Wire Models
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Wire Delay Modeling
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Elmore Delay Calculation
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Method 1: per resistor
0.69*(R1(C1+C2+C3+C4+C5)
+ R2(C2+C3+C5)
+R3C3)

Method 2: per capacitor
0.69*(R1C1
+(R1+R2)C2
+(R1+R2+R3)C3
+R1C4
+(R1+R2)C5)
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Challenge: Capacitive Cross Talk

17

τXY = 
RY(CXY+CY)

V 
(Volt)

0

0.5
0.45
0.4

0.35
0.3

0.25
0.2

0.15
0.1

0.05
0 10.80.6

t (nsec)
0.40.2

tr
↑



1
8

GND

GND

Shielding wire

Substrate (GND )

Shielding
layer

VD
D

Shielding

18



1
9

Wiring problems
• Diffusion: changes in doping means 

variations in resistance, capacitance.
• Poly, metal: variations in height, width 

means variations in resistance, 
capacitance.

• Shorts and opens during manufacturing
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Electromigration
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 Oxide and Metal Thickness Variation
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Due to Chemical Mechanical Polishing 
(CMP)
More when we talk about “chip finishing”...



Next Lecture
• See handout
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