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review:  parasitic series R
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Why did we not consider an RG?
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effect of a gate resistance (AC)
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gate resistance
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gate resistance (ii)
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distributed gate resistance
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distributed gate resistance (ii)
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distributed gate resistance (iii)

RLdz

C
CLdz

− ΔV +

R R

ΔI =CLdz
∂V
∂t

ΔI
dz

= −
∂I
∂z

=CL
∂V
∂t

I I − ΔI

ΔI

(2)
∂I
∂z

=−CL
∂V
∂t



Lundstrom EE-612 F06 10

distributed gate resistance (iii)
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distributed gate resistance (iii)

∂n(z,t)
∂t

= Dn
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∂z2

recall:

“minority carrier diffusion equation”
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=
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distributed gate resistance (iv)

τ B =WB
2 2Dnrecall: “base transit time”

τ g = 0.5RLCLW
2
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distributed gate resistance and scaling

τ g = 0.5RLCLW
2

RL = ρG L ~ 2 10 Ω/sq.Gρ −

CL = COX L

behavior with scaling:  
RL → ρG L /κ( )= κRL

CL → κCOX( ) L /κ( )= CL

τ g →κτ g

device delay:  

τ → τ /κ

τ g = 0.5ρGCOXW
2



Lundstrom EE-612 F06 14

outline

1) Gate Resistance

2) Interconnects

3) ITRS



Lundstrom EE-612 F06 15

interconnects
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interconnect capacitance
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CWire = CinsWw( )Lw = CW PP( )LW



Lundstrom EE-612 F06 17

interconnect capacitance (ii)
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interconnect capacitance (ii)
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(see Fig. 5.21, Taur and Ning)
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interconnect capacitance (ii)
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interconnect delay

VDD

VIN

VOUT fanout
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2
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interconnect scaling

τW = 0.5RW CW LW
2

CW = CW (PP) +CW (FF) + CW (WW) RW =
ρW

Wwtw

ρAl ≈ 3×10−6 Ω-cm
ρCu ≈ ρAl / 1.5

CW = CinsWw +CW (FF)→ CW

RW = ρW / Wwtw( )→κ 2RW

JW = I / Wwtw( )→κ JW (A/cm2 )

τW = 0.5RW CW LW
2 →τW

(electromigration)

(device τ is decreasing)

scaling by factor, κ > 1
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local interconnects

τW = 0.5RW CW LW
2 →τWLW → LW /κ

CW ≈ 2π ε ins   F/cm

Is this an issue?  Assume:

Eqn. (5.27) Taur and Ning

τW ≈ π ε insρw
LW

2

Wwtw

≈ 3×10−18 s( ) LW
2

Wwtw

Eqn. (5.29) (5.30) 

for   Ww = tw = 0.25 μm   and   LW = 100μm, τW = 0.5ps

for a 0.25 micron technology, an inverter delay is ~ 20 ps

local interconnect delays are not an issue
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global interconnects

τW = 0.5RW CW LW
2 →κ 2τW

LW → LW

Is this an issue?

τW ≈ π ε insρw
LW

2

Wwtw

≈ 3×10−18 s( ) LW
2

Wwtw

≈ 1 ns

for a 0.25 micron technology:

global interconnect delays are a very big issue

(approximately the size of the chip)

τW >> τGate >> τDevice
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global interconnect scaling solutions

τW = 0.5RW CW LW
2

CW = CW (PP) +CW (FF) + CW (WW)

RW =
ρW

Wwtw

ρCu ≈ ρAl / 1.5

(low-k dielectrics) 

1) switch from Al metal to Cu

2) increase cross-sectional area AW =Wwtw
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wiring hierarchy

after Fig. 5.24, Taur and Ning

τW = 0.5RW CW LW
2

τW =
LW

2 / RW CW LW

τW =
LW

υDiff

υDiff = 2Deff / LW
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inductance
lo

g 
τ W

(s
)

log LW

τW = 0.5RW CW LW
2

decreasing AW

τW = LW / c / n( )

τW = LW /υSignal

υSignal = 2Deff / LW

RC line:

υSignal < c / n

RLC line:
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interconnects at the 70 nm node (MPU)

Metal 1 pitch: 156 nm

Metal 1 A/R: 1.7

JMAX 1.37x106 A/cm2

No. of metal layers: 11

Inter-level dielectric: κ < 2.7

Total IC length (metal 1 +5): 1212 m/cm2

LW for RC = τ: 43 μm

τW for LW = 1mm metal 1: 612 ps

ITRS (2005 edition)
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interconnects trends

ITRS (2005 edition)
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interconnects trends

ITRS (2005 edition)

gate
local

global
(repeaters)

global
(no repeaters)
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