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Oscillators Are Time-Variant Systems
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Impulse injected at the peak of amplitude.

Impulse injected at zero crossing.

Even for an ideal LC oscillator, the phase response is Time Variant.




Amplitude Restoring Mechanism
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Once Introduced, phase error persists indefinitely.
Non-linearity quenches amplitude changes over time.
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Phase Impulse Response

The phase impulse response of an arbitrary oscillator is a time varying step.
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The unit impulse response is:
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[(x) is a dimensionless function periodic in 21t describing how much

phase change results from applying an impulse at time: ¢t = T%[
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Impulse Sensitivity Function (ISF)

The ISF quantifies the sensitivity of every point in the waveform to perturbations.
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Phase Response to an Arbitrary Source
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Phase Noise Due to White Noise
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For a white input noise current with spectral density of

LTV system
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the phase noise sideband power below the carrier at an offset of Aw Is:
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where T s is the rms value of the ISF.



Noise Contributions from nwy,
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1/f3 Corner of Phase Noise Spectrum

The 1/f3 corner of phase noise is NOT the same as the 1/f corner of device noise
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By designing for a symmetric waveform, the performance
degradation due to low frequency noise can be minimized.



A Symmetric LC Oscillator
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Uses the same current twice for high transconductance.
[Also appears in: J.Craninckx, et al, Proceedings of CICC 97.]
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Tank Voltage Amplitude
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Assuming fast switching of the
differential pair, the current can
be approximated as:
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Tank Voltage Amplitude

it

ltail

Assuming rectangular waveform:
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Effectively, the current waveform

IS closer to sinusoidal, therefore:
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“Current limited” mode
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Modes of Amplitude Limiting

Tank voltage swing (volt)
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Major Noise Sources
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Different noise sources affect
phase noise differently.
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Valid in both long and short
channel regimes.

Inductor Noise:
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Equivalent Circuit for Differential Sources

5— ’ZS‘L
C Differential e
S . 11
: | i Equivalent
| |2(t) | > v 2r v
rZ () r W
|1(t) -
| A4
. ()= 1 (1)
2
2 2 2 2 2 2 2
'n _1dn1, 2 Tp1 'pZE_lg'n+'pE
- O~ 20hf  AfQ
Af diff — pair 45Af Af  Af AfD 2LNf fD




Outline

[]

Introduction and Definitions

Tank Voltage

Noise Sources
Effect of Tail Current Source

Measurement Results

Conclusion



Waveform and ISF
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Effect of Taill Current Source

Vbp For the tail current source, only
low frequency noise and noise

M In the vicinity of even harmonics
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Die Photo of the Complementary Oscillator
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Phase Noise vs. Offset from Carrier
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Complementary Cross-Coupled LC Oscillator

fo=1.8GHz, 0.25um Process (Vpp =3V)

Phase noise at 600KHz offset (dBc/Hz)
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Phase noise below carrier at 600kHz offset

Complementary Cross-Coupled VCO
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Phase noise below carrier at 600kHz offset
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Complementary vs. NMOS-Only VCO

fo=1.8GHz, 0.25um Process
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Conclusion

e Phase noise of differential MOS oscillators is analyzed.

e The effect of tail current source on the amplitude is discussed.
e Major noise sources are identified.
e The effect of tail current source noise is shown.

e Good agreement between theory and measurements is observed.



