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Outline
• Introduction

• Wires

– Capacitance, Resistance, Inductance

– Wire Models

• Interconnect Impact

– Capacitive Parasitics (Crosstalks)

– Resistive Parasitics (Delay)

– Inductive Parasitics (Noise)
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The Wire in IC
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Wires are as important as transistors!



Wire Geometry 
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Wire Materials
• Aluminum until 180 nm technology

• Copper at current technology

2019‐09‐10 5TSTE 86/Deyu Tu



Parallel Plate Capacitance
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Permittivity
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Fringe Capacitance
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Fringe vs. Plate Capacitances

2019‐09‐10 9TSTE 86/Deyu Tu



Wire Resistance
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0.25um technology, Al: 0.05‐0.1 Ω/sq, Poly: 150‐200 Ω/sq
n/p well: 1000‐1500 Ω/sq, n+/p+: 50‐150 Ω/sq



Skin Effect
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Wire Inductance
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c: capacitance per unit
l: inductance per unit
ε: permittivity
μ: permeability ~1



The Lumped Model

2019‐09‐10 13TSTE 86/Deyu Tu

Small wire resistance
Low switching frequency



Comparison of Lumped RCModels
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The Distributed rc Line
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1. Break the wire into segments
2. Each segments has resistance and capacitance



The Distributed rc Line
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Elmore Delay
• Originally published [Elmore, J. Appl. Phys. 1948]

• Easier to compute analytically in most cases

• Verified by other researchers
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Comparison of RCModels
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The Transmission Line
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Transmission Line Terminations
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When to use Transmission Line Model?
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Outline
• Introduction

• Wires

– Capacitance, Resistance, Inductance

– Wire Models

• Interconnect Impact

– Capacitive Parasitics (Crosstalks)

– Resistive Parasitics (Delay)

– Inductive Parasitics (Noise)
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Capacitive Parasitics
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Crosstalk



Crosstalk
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Difference between dyanmic and static!



What to do with Crosstalk?
• Avoid floating nodes

• Avoid long parallel interconnects

• Shield wire to GND or VDD

2019‐09‐10 25TSTE 86/Deyu Tu



Resistive Parasitics
• Ohmic voltage drop

• Extra delays (RC delays)

• Reduced noise margin
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Electromigration
• High current density gives heat and possible ion 

movement (for DC)

• Current density limited < 1 mA/μm2, otherwise wire 
may become thinned with time leading to defects

• For copper electromigration less critical
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RC‐Delays
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Large Transistors with ‘fingers’ in Parallel
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Better Interconnect Materials
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Better Interconnect Strategies
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20% wire length reduction!



Introducing Repeaters
• RC delay proportional to l2

• Break long wires into segments
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Repeat Design
• How many repeaters needed?

• How large repeaters needed?
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Elmore Delay Model
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Optimum Number of Repeaters
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Inductive Parasitics
• Voltage Drop (Bonding Wires)

• Delay (Transmission Line)

• Resonating Noise (LC)
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Address the L(di/dt) Voltage Drop
• Separate power pins for I/O pads and chip core

• Multiple power and ground pins

• Decoupling capacitance
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Address the Transmission Line Effect
• Matched termination

• Shielding
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Summary
• Capacitive parasitics cause delays, crosstalk and 

power consumption

• Resistive parasitics cause voltage loss and extra wire 
delay

• Inductive parasitics cause voltage loss and 
transmission line behavior of wires, critical at higher 
switching speed
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Reference
• Digital Integrated Circuits, by Jan M. Rabaey, et al.

• CMOS VLSI Design, by David Harris, et al.
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