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Interconnect modeling
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Transmission line effects
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Objectives

• Develop the concepts of:
– Characteristic impedance Z0

– Pulse velocity and line delay

– Lossless line
• Distortionless transmission

• Shape factor

– Effects of loss 
• Distortion

– PWB routing
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1. Transmission line theory
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2. Generalized theory summary
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3. Lossless lines
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4. Z0 calculations

Need L, C

Also gives , v

Easiest geometry is coaxial line

(radial symmetry)
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(a) For dielectric: C/unit length
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(b) For leakage conductance: 
G/unit length
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(c) For inductance: L/unit length
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Coaxial line summary (lossless)
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5. Dielectric
effects
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Humidity affects performance 
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Maximum velocity in air
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6. Z0

4/10/2012 ECE414/514 Electronics  
Packaging  Fall 2012

20



11

4/10/2012 ECE414/514 Electronics  
Packaging  Fall 2012

21

Fig E5
Cross-section of 
a microstrip line
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7. Lossy lines
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9. PWB Routing
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Assignment #2

1. An interconnect of width 10μm and length 100μm is above a 
ground plane, separated by 3μm thick SiO2 (εr = 3.9.) Calculate the 
interconnect capacitance (a) ideally, and (b) including fringing 
effects.

2. A digital signal of risetime 2ns crosses a 1cm long Al interconnect 
embedded in polyimide (εr = 3.9). Should this interconnect be 
treated as a transmission line? Justify your answer.

3. The skin depths for Ag, Au, and Al are 0.64μm, 0.79μm, and 
0.81μm respectively at 10GHz. Which conductor material would 
you choose for a 10GHz current signal application? Justify your 
answer.

4. An MCM consists of 10 drivers switching simultaneously. The 
characteristic impedance of the transmission line is 50Ω with a 50Ω
matched load. The power supply is 5V with an effective L = 0.2nH, 
while the effective ground-plane L = 1nH. Find the magnitude of 
the delta-I noise in the power and ground planes.


