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Power Distribution — Where are we today ?

What are the future Challenges in Power
Distribution ?

A few examples to illustrate these challenges




0 Sophistication of tools
o Tool validation

o Focus on digital
applications

0 Methods for minimizing
impedance

First
Commercial
Tools

Impedance
Target
Impedance




Chip Multi-processing
Trend Towards Convergent Heterogeneous Systems
Emergence of SIP and SOP as new integration approaches

Move towards embedded technologies

Transition to Cu Low K and Ultra Low K dielectrics by Semiconductor
Industry

Combination of Chip and Package Integration for system miniaturization
leading to new concepts in Chip — Package Co-Design
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Multi Core
Single Core

* Multi-core, each core Multi-threaded
* Shared cache and front side bus

* Each core has different Vdd & Freq
* Core hopping to spread hot spots

* Lower junction temperature




Multi-core Processors (Reverse Scaling)
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Chip — Package Co-Design




Chip-Package Transitions
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Copper Low K and Ultra Low K
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o Cu is a better conductor in terms of resistance
capacitance delay

0 Miniaturization
o0 Major concern is electromigration
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(@) current Crowding at

DC and High FregAu

Mean Time To Failure (MTTF) can decrease due to increased current densities
Maximum current density allowed in solder joints is lower than Cu

Modeling of current densities is needed to define interface
metallurgies to maximize MTTF and extract Resistance and Inductance
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High-frequency effects in conductors
o Skin effect

o As frequency increases, currents flows through the outer edge of
conductor cross section.

o Effective area of current flowing decreases, resulting in current flow almost
on the outer surface.

0 Resistance increases with square root of frequency.
0 Inductance decreases since the internal inductance vanishes.

o Both effects important for UBMs and Package Interconnects

o When a conductor is near another conductor, currents crowd to a certain
region at the outer edge.

0 Resistance increases with frequency.

Importance of high-frequency modeling in conductors

Increases conductor loss making signal transmission inefficient at high
frequencies.

Higher local current density causes increased electromigration effects
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Currant clapsiny distrioiaon (LOO VrFlz, & Grlz)




CUIFERNDERSILY,

Point 2




mutual loop resistance (ohm)

oo

~l
T

(@)
\

o
\

£

W
T

| LowAC
i | resistance

S
10

frequency (Hz)

High AC
resistance




mutual loop inductance (nH)
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Computing Coupling and Isolation in Power Distribution







Ultra -Miniaturized Mobile Computing Platform
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Frequency Sweep from 0.1 to 5GHz
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Ref. Madhavan Swaminathan and Ege Engin, “Power Integrity Modeling and Design for
Semiconductors and Systems”, Pretice Hall 2007
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Power plane 2

Ground plane
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Frequency to Time Conversion for Managing

Eye and Jitter







Multiport
Frequency-Domain
Data
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What is the
time-domain
output?

Voltage, V




Method
Rational Limited
Function

Signal Flow  Unlimited
Graph

MNA+S- Unlimited
Parameter

Stability Passivity Causality

Yes Yes No

Beaten to death at EPEP

Convolution

O(MN)
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Problem
Type

Arbitrary

Distributed
networks

Distributed
networks

Robustness

Medium







BW =5 GHz Centered around 0.25 ns

Impulse centered
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Voltage, V
= o o o
N ~ o Y

o

Minimum-phase
Reconstruction

Smin (O Dw: M’max)

— ADS
= = =TF-Causal

Voltage, V

Time, ns

— ADS
= = =TF-Causal




Causal Non-Causal

100 mV difference in Eye Opening
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The First Book on Power Integrity Modeling!
FOR MORE INFORMATION

PLEASE VISIT:
Avalilability: Nov ‘07

Chapters

Basic Concepts

Plane Modeling

Simultaneous Switching Noise

Time Domain Simulation Methods
Applications

Provides a comprehensive discussion of thi

methods available for Power Integrity
Modeling

Contains several examples that can be
reproduced using the provided software
ISBN: 0_13 615206 6



