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Scaling Issues in Modern ICs

A Device scaling A Global interconnects
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Known (But Limited) Design Technique

min

A Wire sizing
A Repeater insertion AW > w,,

A Multi-tier interconnect
architectures

q
. . . Global » | »
[




Break Through the Interconnect Wall
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Forms of 3D Integration
A Wire bonded die A Contactless D circuits
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CrossSection of a d Integrated Circuit

uDifferent plane bonding styles «Bonding process involves

«Bonding materials i Wafer thinning
Through silicon vias (TSV)
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3-D Integration

Maximum wirelength reduction
2 planes ~30%
4 planes ~50%
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Advantages of B Integration

A Higher performance
I Speed and power

A Area reduction
I For wirelimited circuits

A Fixed clock frequency
A Decrease in interconne
resources

I Number of metal layers
A For specific speed and are Area (cm*2)
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Heterogeneous B Systemsn-Chip

A Real time image processing

system
wintegration of mage
¢ Circuits from different Seneer ATy
fabrication processes Amplifier
¢ Nonsilicon technologies and A
¢ Non-electrical systems Data latch

and masking

Processor array
and output circuit
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Spectrum of Challenges IAEBICs

8 chip stack Man UfaCturing

wPlane alignment and bonding
| wThrough silicon vias

Testing

. wPre-bond testing
wPostbond testing

Design

|l winterconnect design techniques
3 wThermal management techniques
@ wPhysical design techniques
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Objective for 3D CAD Tools

& b Sdesign tools will be required to optimize
Interlayer connections for maximized circuit
performanceXe

wDensity / consume silicon area
wlmpedance characteristics

wlnterdie process variations
wDisparate technologies

wlLongest nets in a-B system
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Through Silicon Via Placement Approac

A Treat TSVs as circuit Circuit cells
cells

I Use weighted average
distance to determine
final via location

A Place the cells of each
plane separately
I Including vias

*W.R. Davistal., 6 5 S Y@ adATe&Ay3a o5 L/ A&Y ¢ KIEEE D:Rign arld ekt of CArgpéiter2 ¥ D 2 A
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Evolution of Interconnect Architectures
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A Shared buss A Multi-level segmented

buss

A Segmented
buss
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A Buss architecture limitations
I Large buss delays

|

I Data contention for resources
I Signal integrity

A Network-on-chip
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Network-on-Chip (NoC)

w Network-on-chip is another approach to mitigate the
Interconnect bottleneck in modern IC design
¢ Canonical interconnect structure
¢ Shared interconnect bandwidth
¢ Increased flexibility

A PEs exchange data packets through the network in an
Internet-like manner

A Network routers transfer data within the network
similar to computer networks

Processing element (PE)

Network router

Mesh NoC
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NoC Mesh Structure
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Various Topologies forB Mesh IENoC

NoC
To 2-D 3-D
3-D

wShorter buss length

wReduced number
of hops

wReduced number
of hops and buss
length
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Performance Comparison for3 NoC Topologies
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Clock Distribution Networks

A/l £t201 airA3aylrt Aa U0UKS aKSI NI
synchronous circuits Local clock distribution network
A VDSM technologies

i Increasing frequencies %

I Greater process variations

I Clock skew, jitter should be
carefully managed

A Hierarchical clock
distribution networks
I Global networks
A H-tree, Xtree

I Local networks
A Meshes
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