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Lecture topics

1. Interconnect modeling

2. Resistance, inductance, & capacitance
– R, L, & C  

3. Skin effect

4. Ground planes

5. MOS devices and CMOS

6. Delta-I (I) switching noise
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Objectives

• Explain origins & effects of inductance
– Review impedance concepts (inductance)

– Introduce skin effect

– Understand role of ground planes

• Relate CMOS requirements to package
– Review MOS device physics

– Understand CMOS current switching

– Understand origins of delta-I noise
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1.  Interconnect modeling
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Orthogonal line systems:
stripline ↓ & microstrip ↓

Power/ground

Power/ground Power/ground
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Fourier
analysis

of
pulse:

high
frequency
harmonics
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Three modeling approaches:
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(a) ωL >> R,  (b) R >> ωL, (c) R ≈ 0
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Typical packaging line lengths & widths

Widths

• VLSI “wires” in Si:
0.1 to 1 μm

• MCM trace widths: 
1 to 10 μm

• Packages:
10 μm to 0.1 mm

• PCBs:
0.1 to 1 mm
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2.  R, G,  ℓ, and C  

• Conductor:

• R = ρ ℓ/AR = ρ ℓ/wt = (ℓ/w) (ρ/t) 
– R/ℓ = ρ/wt

• Dielectric:

• G = σAC/d = σ ℓ w/d
– G/ℓ = σ w/d 

• C = AC/d =  ℓ w/d
– C/ℓ =  w/d
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Capacitance/unit length

“Visual” 
approximations
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Other Capacitor Geometries
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Method of Moments Example

C=ε(6a2/a)=6εa?
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Method of Moments Example
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Method of Moments Example
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Method of Moments Example

(Square #2 last slide)

a)6 (c.f.  983.10v2//  and  9662.21 Total  aQVQCaQ 
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Inductance of a 
Straight Wire:
Magnetic Field
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Internal & External Inductances
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External Inductance: Basic formula

(Can’t have isolated current, must be a return path)
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Straight Wire: Radial Electric Field

4/8/2012 ECE414/514 Electronics 
Packaging  Fall 2012

24

Ψe and V: equate (2π)-1ln(R2/R1)
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Internal Inductance
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External Inductance: 2-wire line
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Compare:-

L
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Lead inductances
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3. Skin Effect
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Skin Depth vs Frequency
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4.  Ground planes

4/8/2012 ECE414/514 Electronics 
Packaging  Fall 2012

36

Loss of coupled return → inductance
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5.  MOS devices and CMOS
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N-channel enhancement MOSFET: 
VDS ≈ 0
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MOSFET operation
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Enhancement MOSFET characteristics
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Derivation of MOSFET characteristic equations

Now set  (μW/2L)Cox = k →
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CMOS dynamic characteristics (part 1)
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CMOS dynamic characteristics (part 2)
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Switching
current (1)
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Switching current (2)
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CMOS 
inverter:

VLSI layout
& structure
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6.  Delta-I (I) switching noise

V = L di/dt
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Example to show typical values
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System
complexity

Mutual 
inductance:
line effects


