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Research Background

PLL based on Ring-VCO:

oL OW phase noise/jitter phase-locked loops (PLLs) are
critical building blocks In various systems.

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

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

| imitations of state-of-art PLL architectures:

o\/Ide-band and high-order filtering for Ring-VCO Is
limited by the loop stability and retference spuir.

e he Froposed open loop phase noise cancellation Is
free from both stability and reference spur Issues.

Kev proposed techniques

-bbin okpen-loop discrete-time phase noise cancellation
ocK.

eDOomMino-based sampling for good isolation

oA backend gain control algorithm
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Gain control algorithm:

. A replica corrector with matched gain of ISSCC5 1] | 15SCC16 [2] | 1SSCCA7[3] | This work
_ t Oscillator Topology Ring Ring Ring Ring
maln Corrector. Reference Freq. (MHz) 226 67.74 192 150
. An predefined voltages are connected to Output Freq. (GHz) 2.4 2.1 2.3 2.4
ibrati ircui Ph i 1MH
calipration circuit | | Dﬁzzf(:;ﬁﬁz(? ? 113.8 113 114.4 120.4
. An off-chip ADC and algorithm converging RIS fitter (s)

- jitter (ps 0.97 1.05 0.72 0.43
to correct bias code for CDAC of th_e Integ. range (MHz) (0.001~100) | (0.001~50) | (0.01~100) | (0.001~100)
corrector _to co_ntrol th_e cqrrector gain. Ref. Spur (dBc) 65 45 37 58

. The algorithm Is working in the background, Power(mW) 4 3.84 4.59 4.8
and controlling the gain in real time. Area(mm?) 0.015 0.043 0.0049 0.056

. Negligible error is caused by the mismatch Technology (nm} 45 65 65 28
between replica corrector and the main e el 232 2302 280
€ P FOM, (dB) 175.4 173.6 174.9 181.2

corrector.
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Architecture:
A conventional Type Il sub-sampling b e ed e hred ed
PLL followed by a phase noise SRR ccaum L
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cancellation block, which provides an A[FLL Core Copecior] Gan Contrrioek]
extra one order wide-band high-pass - ‘
filtering.

Integrated Rms jitter

130} | (1k~100MHz) w/BPNC
Sample #1 : 466 fs
Sample #2 : 430 fs
Sample #3 : 438 fs
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Open-loop phase noise

cancellation operation: ,
.Sampling the noise information from

the VCO's output.

.Adjusting the timing At of a delay
cell in real time.

.Controlling the gain by CDAC.
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Summary and Comparison

[1] L. Kong, ISSCC2015 [2] Z. Huang,ISSCC2016 |[3] J. Chuang, ISSCC2017

% Introduced least phase noise and no reference spur penalty.
% The proposed architecture achieves the best both FOM1&FOM2.
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