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Clase de hoy

ÅReferencia para profundizar y origen de 
transparencias: Digital Integrated Circuits A 
Design Perspective, Jan M. Rabaey et al.

ÅPrograma:
ÅResistencia
ÅInterconexiones (144 ï147)

ÅDispositivos (104 ï105, 280 ï281) 

ÅCapacidad
ÅInterconexiones (138 ï144)

ÅDispositivos (107 ï112)

ÅModelado Interconexiones (151 ï160)
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14: Wires 5

Choice of Metals

ÅUntil 180 nm generation, most wires were aluminum

ÅContemporary processes normally use copper
ÅCu atoms diffuse into silicon and damage FETs

ÅMust be surrounded by a diffusion barrier

Metal Bulk resistivity (mWÅ cm)

Silver (Ag) 1.6

Copper (Cu) 1.7

Gold (Au) 2.2

Aluminum (Al) 2.8

Tungsten (W) 5.3

Titanium (Ti) 43.0
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Sheet Resistance

Layer Sheet Resistance (Ý/Ɗ)

Diffusion 2-10

Polysilicon 3-10

Metal1 0.08

Metal2 0.08

Metal3 0.08

Metal4 0.08

Metal5 0.08

Melal6 0.04
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Dealing with Resistance

ÅUse Better Interconnect Materials
Åreduce average wire-length

Åe.g. copper, silicides

ÅMore Interconnect Layers
Åreduce average wire-length
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Modern Interconnect
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Example: Intel 0.25 micron Process

5 metal layers

Ti/Al - Cu/Ti/TiN

Polysilicon dielectric



14: Wires 10

Example

Intel 90 nm Stack Intel 45 nm Stack
[Thompson02] [Moon08]



14: Wires 11

Contacts Resistance

ÅContacts and vias also have 2-20 W

ÅUse many contacts for lower R
ÅMany small contacts for current crowding around 

periphery



MOS Transistor Resistance

W

L
RSº

ÅAverage Current Method: Good Approximation 

ÅExample: Discharging a capacitor through an NMOS transistor



MOS Transistor Resistance 
Dependence with Vdd



Building Transistors with Very 
Low Resistance (Very Wide)
ÅProblem: Need to load a big capacitance with a low -area transistor

ÅFirst Solution: Serpentine Transistors

ÅSecond Solution: Stacked Transistors

Minimize source and

drain resistances by

using many contacts

Similar to serpentine transistors, but no bends

©Bradley A. Minch . Analog VLSI
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Transmission Gate Resistance
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Capacitance
Interconnect Capacitance

Devices Capacitance
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Capacitance: The Parallel Plate 
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Permittivity
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Fringing Capacitance
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Interwire Capacitance

fringing parallel
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Wiring Capacitances (0.25 mm 
CMOS)



MOS Transistor Capacitances
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The Gate Capacitance
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Gate Capacitance
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Cut-off Resistive Saturation

Most important regions in digital design: saturation and cut -off



Diffusion Capacitance
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Parameters for TSMC 180nm 
Technology Manual Analysis
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RƊ

(Ý/Ɗ)

CA

(fF/µm²)

CP

(fF/µm²)

Diff-p 2.5 0.9 0.2

Diff-n 3 0.9 0.15

Poly 6.2 0.15 0.06

M1 0.08 0.12 0.11

M2 0.08 0.08 0.10

M3 0.08 0.08 0.10

M4 0.08 0.08 0.10

M5 0.08 0.08 0.10

M6 0.04 0.04 0.13

Transistor N

Å CG = 21.3 fF/µm²

Å IDSAT= W/L 56 µA 

Å RN = 29.6 KÝ/Ɗ

Transistor P

Å CG = 21.3 fF/µm²

Å IDSAT= W/L 25.7 µA 

Å RN = 65.5 KÝ/Ɗ



Metal Layer Usage for our
Project
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Layer Purpose

Metal 1 Interconnect whithin cells

Metal 2/3 Interconnect between cells within units

Metal 4/5 Interconnect between units, critical signals

Metal 6 I/O pads , clock , power , ground
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Example

VDD
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Simplified
Model



Delay Modeling
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Delay Definitions
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A First-Order RC Network

vout

vin C

R

tp = ln (2) t= 0.69 RC
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The Lumped Model

Vout

Driver

cwire
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RC Models
Lumped RC

Lumped RC-ladder
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The Lumped RC -Model
The Elmore Delay



The Elmore Delay ðRC 
Chain
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Wire Delay Length -
Dependece

Assume: Wire modeled by N equal -length segments

Each segment has a resistance of rL/N and a capacitance of cL/N

For large values of N:
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The Distributed RC -line
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Step-response of RC wire as a 
function of time and space
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Intexconnection Models Overview

1. Lumped C

2. Lumped RC 3. Lumped RC-ladder

5. Distributed RC Line 6. Transmission Line

Diffusion equation Wave Equation


