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Amplitude and Phase Noise
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Feed-back 

Feed-forward

FBAR

1.8ˣ3 mm2 0.13 µm CMOS 
Power = 26 mW.

Cross-Spectrum Noise Measurement

Acts as frequency discriminator at low offset frequencies.
Acts as phase discriminator at high offset frequencies.
Gain reduces when frequency is off from notch frequency.
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Integrated implementation of low phase noise floor frequency/phase 
discriminator.
Techniques to prevent low-frequency noise up-conversion.
Propose a phase noise cancellation scheme reaching the discriminator 
phase noise floor.
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D. Green, IFCS ‘2006
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Frequency Elec. Inc.

High Quality factor (Q) resonators or low-loss delay 
elements, crucial for stable oscillators. 
Couple from low loss medium to electrical domain E. N. Ivanov, TMTT ‘2006

L. Maleki, IFCS ‘2003

Miniaturization of Resonators
-Complex systems in small form 
factors.
-Power reduction due to lower 
weight, (e.g., space applications).
-Lower quality factor of resonator
-Smaller resonator power handling 
(e.g., nonlinear behavior at larger 
power levels)

DRO NEMS
Resonator

C0=1.1 pF

Rs=1 Ω

Rm=1.68 Ω

Lm=450 nH

Cm=25 fF

AlN Piezoelectric Thin Film Bulk 
Acoustic Resonator (FBAR)

Equivalent Circuit Model

Resonator Used in This Work

f= 1.5 GHZ
Q= 1500

Small-input: Low flicker-noise 
up-conversion
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Frequency/Phase Discriminator Basics Implemented Frequency/Phase Discriminator

To maximize sensitivity (phase noise floor), transfer function magnitude should 
be maximized when output referred noise is minimized.

Use notch filter to suppress the carrier Low flicker 
noise up-conversion in LNA 
Larger QL Higher sensitivity
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Group Delay= 130 ns

Voltage controlled resistor balances the loss.
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Inherent Output Noise of Two Discriminators


