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Outline
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Ring-Based Quadrature Oscillators
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The Concept
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Quadrature by Common-Mode Coupling (1)
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Quadrature by Common-Mode Coupling (2)
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Quadrature Oscillator Start-Up (1)
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Quadrature Oscillator Start-Up (2)
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Simulated Phase Noise
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Simulated Quadrature Accuracy
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The Realization
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Circuit Design
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Second-harmonic due to Varactors
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Second-harmonic due to Varactors
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Tail Coupled Inductors
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Inductor Circuit Model vs. EM Simulations
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Simulated Quadrature Accuracy
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Experimental Results
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Die Photograph

• 0.25µm CMOS

• 5 Al-metal layers

(no thick metal)

• PMOS accumulation

varactors
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Experimental Results: Tuning Curve
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Experimental Results: Phase Noise
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Experimental Results: Phase Noise
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Experimental Quadrature Accuracy

Phase Error less than 2.3° over tuning range
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Performance Summary

Tuning range   4.6 – 5.2 GHz
Phase noise @10kHz   < -71dBc/Hz
Phase noise @ 1MHz   < -124dBc/Hz
Supply voltage   2.5V
Current consumption   8.75mA
Technology   0.25µm CMOS
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Conclusions

• Common-Mode Coupling does not degrade
phase noise

• Non-linear varactors help to increase quadrature 
coupling

• 1/f2 - and 1/f3 - phase noise are virtually constant 
over tuning

• The presented VCO is suitable for 5-GHz WLAN 
applications
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Thank you
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Quadrature Stability
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Quadrature Stability
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