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Optimal Loop Gain Tracking Digital Phase-Locked Loop
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Abstract

Modern system-on-chips need multiple PLLs serving as clock
generators or frequency synthesizers for different intellectual
properties such as wireline transmitter/receivers, data converters,
and processors. For example, wireline receivers require a low jitter
PLL to improve the jitter tolerance of the embedded clock and
data recovery circuits, and data converters need to be immune
to power supply noise to improve the period jitter, and low power
and low area PLLs are required in processors. Digital PLLs (DPLLs)
have been developed owing to their scalability and small area.
Moreover, the DPLLs is more tolerant to the PVT variations. Digital
PLLs with small are composed of a bang-bang phase-frequency
detector (BBPFD), digital loop filter (DLF), digitally controlled ring
oscillator, and divider. However, the ring-based VCO in DPLL has a
poor phase noise performance compared with the LC-based VCO
in DPLLs. Furthermore, reducing the quantization noise and the
power supply noise in complex embedded digital systems is also

anissue in DPLLs to achieve a better jitter performance.

This work presents a general solution to the problems mentioned
above to demonstrate an optimal loop gain tracking DPLLs and
also derives the optimal loop bandwidth while considering the
power supply noise and gives chip measurement results to verify
the derivations. We not only give the derivations but also show
the completed measurement results in the hope of being mass
production. The chip in this work is fabricated in TSMC 40nm

process.

This work implements a digital phase-locked loop (DPLL) using
the proposed adaptive loop gain controller (ALGC). The ALGC
uses a spectrum-balancing technique detect the difference of
the high-frequency and the low-frequency powers of the bang-
bang phase-frequency detector. Then, the loop gain of the DPLL
is adjusted to minimize the output root-mean-square (RMS) jitter.
This DPLL is fabricated in 40-nm CMOS process and its active
area is 0.016mm2. The power consumption of the DPLL is 1.5mW
from a 1V supply voltage. Without the power supply noise, the
measured phase noise is -90dBc/Hz, -95dBc/Hz and -101dBc/Hz
at the offset frequency of 100kHz, TMHz and 10MHz, respectively.
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The integrated RMS jitter is 3.64ps, which is translated to have a
figure-of-merit of -227dB. With a 5mVPP and 300kHz sinusoidal
power supply noise, the RMS jitter is reduce from 8.5ps to 5.1ps by
using the proposed ALGC.

Fig. 2 Output Spectrum
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