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The WireThe WireThe WireThe Wire

transmitters receivers

h ti h i lschematics physical

Wire? 
metal line / poly silicon / n+ p+ diffusion layer delay / power / noise (reliability)metal line /  poly silicon / n p diffusion layer delay / power / noise (reliability)

Include all parasitic effect ?
Not feasible for millions of circuit nodes circuit behavior is only determined by 

a few dominant parameter clear insight into the parasitic wiring effects
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Interconnect Impact on ChipInterconnect Impact on Chipp pp p
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Wire ModelsWire ModelsWire ModelsWire Models

All-inclusive model Capacitance-only
R, L, C 

R , C when R ↑ or Trsie/Tfall is slow
C only when wire is short or R ↓
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Inter-wire C is ignored when space between wires is large



Impact of Interconnect ParasiticsImpact of Interconnect ParasiticsImpact of Interconnect ParasiticsImpact of Interconnect Parasitics

Interconnect parasitics
reduce reliabilityreduce reliability
affect performance and power consumption

Classes of parasitics
CapacitiveCapacitive
Resistive
InductiveInductive

EE141© Digital Integrated Circuits2nd Wires
5



Nature of InterconnectNature of InterconnectNature of InterconnectNature of Interconnect

Pentium Pro (R)
Pentium(R) II
Pentium (MMX)
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INTERCONNECTINTERCONNECTINTERCONNECTINTERCONNECT
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Capacitance of Wire InterconnectCapacitance of Wire InterconnectCapacitance of Wire InterconnectCapacitance of Wire Interconnect
VDD VDD
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Capacitance: The Parallel Plate ModelCapacitance: The Parallel Plate ModelCapacitance: The Parallel Plate ModelCapacitance: The Parallel Plate Model
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Fringing CapacitanceFringing CapacitanceFringing CapacitanceFringing Capacitance

W - H/2H

(a)

+

(b)
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Fringing versus Parallel PlateFringing versus Parallel PlateFringing versus Parallel PlateFringing versus Parallel Plate

(from [Bakoglu89])
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(from [Bakoglu89])



Interwire CapacitanceInterwire CapacitanceInterwire CapacitanceInterwire Capacitance

fringing parallel
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Impact of Interwire CapacitanceImpact of Interwire CapacitanceImpact of Interwire CapacitanceImpact of Interwire Capacitance

(from [Bakoglu89])

EE141© Digital Integrated Circuits2nd Wires
13



Wiring Capacitances (0.25 Wiring Capacitances (0.25 μμm CMOS)m CMOS)Wiring Capacitances (0.25 Wiring Capacitances (0.25 μμm CMOS)m CMOS)
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Capacitance of Metal WireCapacitance of Metal WireCapacitance of Metal WireCapacitance of Metal Wire

Example 
Al1 layer L=10cm W=1umAl1 layer L 10cm W 1um
Total capacitance?

Total capacitance = 11pF
– Area cap = (0.1×106um2) × 30aF/um2 = 3pFArea cap  (0.1 10 um ) 30aF/um  3pF
– Fringing cap = 2 × (0.1×106um2) × 40aF/um2 = 8pF
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INTERCONNECTINTERCONNECTINTERCONNECTINTERCONNECT
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Wire Resistance Wire Resistance Wire Resistance Wire Resistance 

R = ρ
H W

L

L

H W

Sheet Resistance
H Ro

R1 R2
W
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Resistance of Metal WireResistance of Metal WireResistance of Metal WireResistance of Metal Wire

Example 
Al1 layer L=10cm W=1um, sheet R = 0.075Ω/□Al1 layer L 10cm W 1um, sheet R  0.075Ω/□
Polysilicon L=10cm W=1um, sheet R = 175Ω/□
Total Resistance ?Total Resistance ?

Total ResistanceTotal Resistance 
– A1 Rwire = 0.075Ω/□ × (0.1×106um2) / 1um =7.5KΩ
– Polysilicon Rwire = 175Ω/□ × (0.1×106um2) / 1um y wire ( )

=17.5MΩ
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Interconnect Resistance Interconnect Resistance Interconnect Resistance Interconnect Resistance 
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Dealing with ResistanceDealing with ResistanceDealing with ResistanceDealing with Resistance

Selective Technology Scaling
Use Better Interconnect MaterialsUse Better Interconnect Materials

reduce average wire-length
e.g. copper, silicides

More Interconnect LayersMore Interconnect Layers
reduce average wire-length
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Polycide Gate MOSFETPolycide Gate MOSFETPolycide Gate MOSFETPolycide Gate MOSFET

PolySilicon

Silicide

SiO2

n+n+

pp

Silicides: WSi 2 TiSi 2 PtSi 2 and TaSiSilicides: WSi 2, TiSi 2, PtSi 2 and TaSi

Conductivity: 8-10 times better than Poly
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Sheet ResistanceSheet ResistanceSheet ResistanceSheet Resistance
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Modern InterconnectModern InterconnectModern InterconnectModern Interconnect
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E l  I l 0 25 i  PE l  I l 0 25 i  PExample: Intel 0.25 micron ProcessExample: Intel 0.25 micron Process

5 metal layers
Ti/Al - Cu/Ti/TiNTi/Al Cu/Ti/TiN
Polysilicon dielectric
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INTERCONNECTINTERCONNECTINTERCONNECTINTERCONNECT

EE141© Digital Integrated Circuits2nd Wires
25



InductanceInductanceInductanceInductance

ΔV = L di/dt L?
CL=εμCL=εμ

Maxwell’s law
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Inductance of Metal WireInductance of Metal WireInductance of Metal WireInductance of Metal Wire

Example 
C=(W×30+2×40)aF/umC (W 30+2 40)aF/um
L= εμ /C = (3.9×8.854×10-12) ×(4π 10-7) / C

– W=0 4um C=92aF/um L=0 47pH/umW 0.4um C 92aF/um L 0.47pH/um
– W=1um C=110aF/um L=0.39pH/um
– W=10um C=380aF/um L=0.11pH/um

R=0.075/W Ω/um
ωL=R ? 30.6GHz for W=1um
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InterconnectInterconnect
ModelingModeling
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The Lumped ModelThe Lumped ModelThe Lumped ModelThe Lumped Model
Simple but effective for digital IC

Vout

c i
Driver

cwire

Rdriver Vout

Vin
Clumped
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Lumped Model of Metal WireLumped Model of Metal WireLumped Model of Metal WireLumped Model of Metal Wire

Example 
Al1 layer L=10cm W=1um Cl d = 11pFAl1 layer L 10cm W 1um Clumped  11pF
Rdriver = 10KΩ

Vout(t) = (1-e-t/τ)V 
– τ = Rdriver × Clumped = 10KΩ × 11pFτ  Rdriver Clumped  10KΩ 11pF
– 50% t = ln(2) τ = 0.69 τ = 76ns
– 90% t = ln(9) τ = 2.2 τ = 242ns
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CC ( )( )Lumped RCLumped RC--Model (Elmore Delay)Model (Elmore Delay)
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Th  El  D l  Th  El  D l  RC Ch iRC Ch iThe Elmore Delay The Elmore Delay -- RC ChainRC Chain
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Wire ModelWire ModelWire ModelWire Model

Assume: Wire modeled by N equal-length segments 

For large values of N:
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The Distributed RCThe Distributed RC--linelineThe Distributed RCThe Distributed RC lineline
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StepStep--response of RC wire as a response of RC wire as a 
function of time and spacefunction of time and space
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RCRC--ModelsModelsRCRC ModelsModels

π model error = less 3% 
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Driving an RCDriving an RC--linelineDriving an RCDriving an RC--lineline
(r c L)

Vin

Rs Vout
(rw,cw,L)

in
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Design Rules of ThumbDesign Rules of ThumbDesign Rules of ThumbDesign Rules of Thumb

rc delays should only be considered when 
tpRC >> tpgate of the driving gatepRC pgate g g

Lcrit >> √ tpgate/0.38rc
rc delays should only be considered when therc delays should only be considered when the 
rise (fall) time at the line input is smaller than 
RC, the rise (fall) time of the line, ( )

trise < RC
when not met, the change in the signal is slower , g g
than the propagation delay of the wire
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