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Interconnects

• Chips are mostly made of wires called interconnect
– In stick diagram, wires set size

– Transistors are little things under the wires

– Many layers of wires

• Wires are as important as transistors
– Speed

– Power

– Noise

– Area

• Alternating layers run orthogonally
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Wire Geometry
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Layer Stack
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Choice of Metals
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Metal Layers 45 nm Technology
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Wire Resistance
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Sheet Resistance



9

Contacts Resistance
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Wire Capacitance



11

Capacitance Trends
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Capacitance Trends
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Capacitance Trends
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Polysilicon

• Diffusion capacitance is very high (about 2 fF/mm)
– Comparable to gate capacitance

– Diffusion also has high resistance

– Avoid using diffusion runners for wires!

• Polysilicon has lower C but high R
– Use for transistor gates

– Occasionally for very short wires between gates
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Lumped Element Models
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Lumped Element Models

L Model

The delay of a wire is a quadratic function of its length! This means that doubling

the length of the wire quadruples its delay
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Lumped Element Models

Example
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Lumped Element Models

Elmore delay model
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Repeaters
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Repeaters
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Crosstalk

A capacitor does not like to change its voltage instantaneously

A wire has high capacitance to its neighbor

When the neighbor switches from 1→0 or 0→1, the wire tends

to switch too Called capacitive coupling or crosstalk

Crosstalk effects

Noise on nonswitching wires

Increased delay on switching wires
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Crosstalk Delay
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Crosstalk

𝐶𝑎𝑑𝑗 ∆𝑉𝑎𝑔𝑔 − ∆𝑉𝑣𝑖𝑐 = 𝐶𝑔𝑛𝑑 (∆𝑉𝑣𝑖𝑐)
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Crosstalk

Driven Victims

If the noise is less than the noise margin, nothing happens Static CMOS logic will eventually

settle to correct output even if disturbed by large noise spikes

But glitches cause extra delay, also cause extra power from false transitions

Dynamic logic never recovers from glitches.

Memories and other sensitive circuits also can produce the wrong answer



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

5/1/2022 25

Thank you


