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Scaling Issues in Modern ICs

ÅCoupling capacitance increases 

ÅResistance increases

Å̱   ~ RC

ÅDevice speed increases
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Known (But Limited) Design Techniques

ÅWire sizing

ÅRepeater insertion

ÅMulti-tier interconnect 
architectures

5

Wmin

W1 > Wmin

Ű ~ l2

l

Ű ~ l

Local

Semi-global

Global



Break Through the Interconnect Wall

Exploit improvements from 
device scaling

Greater speed, lower power 
dissipation, lower noise 

levels

High functional capacity Offer inherent heterogeneity

A novel solution 
is required
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Forms of 3-D Integration

ÅStacked 3-D circuits
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ωDifferent plane bonding styles

ωBonding materials

*R. J. Gutmannet al., ά¢ƘǊŜŜ-Dimensional(3D)ICs: A TechnologyPlatformfor IntegratedSystemsandOpportunities
for New Polymeric!ŘƘŜǎƛǾŜǎΣέProceedingsof the Conferenceon Polymersand Adhesivesin Microelectronicsand
Photonics, pp. 173-180, October2001
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Cross-Section of a 3-D Integrated Circuit
ωBonding process involves
ïWafer thinning
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3-D Integration

L

L

ωArea = L2

ωCorner to corner distance = 2L

Maximum wirelength reduction
2 planes ~30%
4 planes ~50% 

ωArea = L2

ω/ƻǊƴŜǊ ǘƻ ŎƻǊƴŜǊ ŘƛǎǘŀƴŎŜ Ғ [
ωArea = L2

ωCorner to corner distanceҒ 



Advantages of 3-D Integration

ÅHigher performance

ïSpeed and power

ÅArea reduction

ïFor wire-limited circuits
ÅFixed clock frequency

ÅDecrease in interconnect 
resources 

ïNumber of metal layers 
ÅFor specific speed and area
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*J. Joyneret al., άLƳǇŀŎǘof Three-DimensionalArchitectureson Interconnectsin GigascaleLƴǘŜƎǊŀǘƛƻƴΣέIEEETransactions
onVeryLargeScaleIntegration(VLSI)Systems,Vol. 9, No. 6, pp. 922-927, December2001

½ 1st plane ς325 MHz

½ 2nd plane ς1.25 GHz



Heterogeneous 3-D Systems-on-Chip

ÅReal time image processing 
system

12*M. Koyanagi et al.,άCǳǘǳǊŜ {ȅǎǘŜƳ-on-{ƛƭƛŎƻƴ [{L /ƘƛǇǎΣέ IEEE Micro, Vol. 18, No. 4, pp. 17-22, July/August 1998  

ωIntegration of

ςCircuits from different  
fabrication processes

ςNon-silicon technologies

ςNon-electrical systems
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Spectrum of Challenges in 3-D ICs
Manufacturing

ωPlane alignment and bonding

ωThrough silicon vias

Testing

ωPre-bond testing

ωPost-bond testing

Design

ωInterconnect design techniques

ωThermal management techniques

ωPhysical design techniques
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Objective for 3-D CAD Tools

15

άbŜǿdesign tools will be required to optimize
interlayer connections for maximized circuit
performanceΧέ

*M. Ieong et al., ά¢ƘǊŜŜDimensionalCMOSDevicesand Integrated /ƛǊŎǳƛǘǎΣέProceedingsof the IEEE
InternationalCustomIntegratedCircuitsConference,pp. 207-213, September2003

ωDensity / consume silicon area

ωImpedance characteristics

TSVs

ωInterdieprocess variations

ωDisparate technologies

Heterogeneity

ωLongest nets in a 3-D system

Interconnect length
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Through Silicon Via Placement Approaches

ÅTreat TSVs as circuit 
cells

ïUse weighted average 
distance to determine 
final via location

ÅPlace the cells of each 
plane separately

ïIncluding vias
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Circuit cells

*W. R. Davis et al.,ά5ŜƳȅǎǘƛŦȅƛƴƎ о5 L/ǎΥ ¢ƘŜ tǊƻǎ ŀƴŘ /ƻƴǎ ƻŦ DƻƛƴƎ ±ŜǊǘƛŎŀƭΣέ IEEE Design and Test of Computers 
Magazine,  Vol. 22, No. 6 , pp. 498-510, November/December 2005

TSVs
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Evolution of Interconnect Architectures

ÅShared buss

ÅBuss architecture limitations

ïLarge buss delays

ïData contention for resources

ïSignal integrity
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Network-on-Chip (NoC)
ωNetwork-on-chip is another approach to mitigate the 

interconnect bottleneck in modern IC design
ςCanonical interconnect structure
ςShared interconnect bandwidth
ςIncreased flexibility 

ÅPEs exchange data packets through the network in an 
internet-like manner
ÅNetwork 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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NoC

IC
2-D 3-D

2-D

3-D

ωShorter buss length

Various Topologies for 3-D Mesh IC-NoC

ωReduced number 
of hops

ωReduced number 
of hops and buss 
length

?

? ?

ÅV. F. PavlidisŀƴŘ 9Φ DΦ CǊƛŜŘƳŀƴΣ άо-D Topologies for Networks-on-/ƘƛǇΣέ IEEE Transactions 
on Very Large Integration (VLSI) Systems,Vol. 15, No. 10, pp. 1081-1090, October 2007
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Performance Comparison for 3-D NoC Topologies

ÅDense networks with 
small PE areas favor 3-D 
NoCs and 2-D ICs

ïDue to large number of 
hops and short busses

ÅSmall networks with 
large PE areas favor 3-D 
IC and 2-D networks

ïDue to small number of 
hops and long busses
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ωAPE= 4 mm2

ωImprovement = 36.2%, N = 256

ÅV. F. PavlidisŀƴŘ 9Φ DΦ CǊƛŜŘƳŀƴΣ άо-D Topologies for Networks-on-/ƘƛǇΣέProceedings 
of the IEEE International SOC Conference, pp. 285-288, September 2006
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Clock Distribution Networks
Å/ƭƻŎƪ ǎƛƎƴŀƭ ƛǎ ǘƘŜ άƘŜŀǊǘέ ƻŦ 

synchronous circuits

ÅVDSM technologies
ïIncreasing frequencies

ïGreater process variations

ïClock skew, jitter should be 
carefully managed

ÅHierarchical clock 
distribution networks
ïGlobal networks
ÅH-tree, X-tree

ïLocal networks
ÅMeshes
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Local clock distribution network


