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Microwave Engineer’s View of CMOS
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Lumped Amplifier Capacitance
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Traveling-Wave: Gain-Bandwidth-Delay
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Transmission Line Model
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Distributed Amplifier Model
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Coplanar Lines in Top Level Metal
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Reduce Coupling Through Si Substrate
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Coplanar Stripline in HP’s Process
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Measured Characteristic Impedance
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DiePhotoofDistributedAmplifier
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Distributed Amplifier S-parameters
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Distributed Oscillator Schematic
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Ideal ~ Oscillator Layout
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Oscillator Power Spectrum

16.6 GHz v ~i~~= 1 .3V
I~ia~= 40mA

33.3 GHz

49.9 GHz

. . . . . . . . . . . . . . . . . . .

0 10 20 30 40 50
Frequency (GHz)

(c) IEEE 19991999 ISSCC Slide Supplement / Copyright IEEE



Oscillator Phase Noise Comparison
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Conclusions

- Low-loss transmission lines in conventional CMOS

70-L2 CPS with 0.7dB/mm at 17 GHz

- Monolithic 50-Q CMOS distributed amplifier

UGBW: 23 GHz, -ldB compr: +5dBm, IP3: +15dBm

- First monolithic CMOS distributed oscillator

fO: 16.3-16.8 GHz, L: –110dBc/Hz at 1MHz offset

- CMOS will continue to scale into microwave region
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