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A 430frms 2.4GHz Ring-Oscillator PLL with Backend Discrete-Time  Phase Noise 
Cancellation Achieving 240.5dB Jitter-FoM
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Summary and Comparison

Research Background

PLL based on Ring-VCO:

Low phase noise/jitter phase-locked loops (PLLs) are 
critical building blocks in various systems.

The LC oscillators have a good phase noise but suffer 
from large area, magnetic coupling and a small tuning 
range.

Ring-VCO PLL suffers from large phase noise and 
requires a wide-band and high-order filtering.

Limitations of state-of-art PLL architectures:

Wide-band and high-order filtering for Ring-VCO is 
limited by the loop stability and reference spur. 

The proposed open loop phase noise cancellation is 
free from both stability and reference spur issues.

Key proposed techniques

An open-loop discrete-time phase noise cancellation 
block.

Domino-based sampling for good isolation

A backend gain control algorithm

State-Key Laboratory of Analog and Mixed Signal VLSI, University of Macau, Macao, China, 1- also with Department of ECE, FST, University 

of Macau; 2- also with Synopsys Macau Ltd.;

Proposed Techniques

Die chip photograph

Measurement Results
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 Introduced least phase noise and no reference spur penalty.

 The proposed architecture achieves the best both FOM1&FOM2.

 Measured reference spur

Measured phase noise with and without BPNCOpen-loop phase noise 

cancellation operation: 

 Sampling the noise information from 

the VCO s output.

 Adjusting the timing  t of a delay 

cell in real time.

 Controlling the gain by CDAC.

 Gain control algorithm:

 A replica corrector with matched gain of 

main corrector.

 An predefined voltages are connected to 

calibration circuit

 An off-chip ADC and algorithm converging 

to correct bias code for CDAC of the 

corrector to control the corrector gain.

 The algorithm is working in the background, 

and controlling the gain in real time.

 Negligible error is caused by the mismatch 

between replica corrector and the main 

corrector. 

Architecture:

A conventional Type II sub-sampling 

PLL followed by a phase noise 

cancellation block, which provides an 

extra one order wide-band high-pass 

filtering. 
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