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Microstrip Line Modeling
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Inductor Realizations in Si
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S -ended / Differential Excitation
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Quality Factor

Q
2πfL

Re Z input[ ]------------------------------=

frequencies (<1 GHz)
Zdifferential Z≈

er frequencies:

 first resonant frequency of inductor

single-ended

increasing influence of substrate parasitics

Re [Zdifferential] < Re [Zsingle-ended]

ntial excitation: Higher Q and broader bandwidth
y of Toronto

Low 

High

Below

Differe



University of Toronto
       Mina Danesh
mina@waves.toronto.edu

June 9, 1998

Asymmetrical   vs   Symmetrical

1

2
1

2



Universit
       Mina Danesh
mina@waves.toronto.edu

June 9, 1998

Symmetrical Spiral Inductor

Port 1

Ground

Port 2

M3
M2

Underpass

250 µm

150 µm
y of Toronto



Universit
       Mina Danesh
mina@waves.toronto.edu

June 9, 1998

Technology
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Simulation / Measurement
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Input Impedance
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Quality factor
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Equivalent Circuit Model
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Measurement Errors
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Reference

Long 1.88

Park 13

6-10 @ 4 GHz

12 @ 3 GHz

L (nH) Q-factor

Burghartz 2.2 16 @ 2 GHz5-level metal

Chi 0.9 20 @ 4.3 GHz

Inductor type

2-level metal

YueGround shield

Membrane

t (µm)

2 8 7.2 @ 1.5 GHz

Rieh 2Etched oxide/Si Res. freq: 30 GHz

1 (Au)

2

1-3

4.3

Si ρ
10 Ω-cm

2 kΩ-cm

12 Ω-cm

10-20 Ω-cm

2 kΩ-cm

 10 kΩ-cm
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Danesh 15 Ω-cm 2 8 9.7 @ 2.5 GHzDifferential
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Layout comparison
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Amplifier
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Conclusion

erential vs single-ended excitation : lower parasitics
Higher peak Q-factor

Broader operating bandwidth

olithic circuits: extra components have small

(50% +)

applications

Other substrates: GaAs

Symmetrical inductors (reduced chip area)
Oscillators, amplifiers, mixers ...

Higher peak frequency

Mina Danesh  mina@waves.toronto.edu
http://laplace.waves.utoronto.ca/stud/Danesh

marginal cost

(50% +)
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