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1 ~ 3.2 GHz Sub-Sampling Phase-Locked Loop with Digital
Frequency-Locked Loop

Hyeon-Ho Kim*', Jaeho Bae**, and Young-Chan Jang*’

Zoheta et AFHA H(2024~2025)9 20250 wWSE D AART AYo g A HRISEAE <
A Qe o} =3H AGYAFA hSA YA ARISE)-(R & A4 FALAB)S] 2 79U th.(2025-rise-15-105)

O oF
0 =

d

a

RS vRe ZEEYY 22 BH7|E 98] 1 ~ 32 GHzY 8 FHUGE 7R ME AZ
7% FEZ(SSPLL, Sub-Sampling Phase-locked Loop)E Akttt AAIE SSPLLE B AMEH 974
sl Hx, Fx g, e Ao w|e} HA A E FAHY, W WY Y F94E Ve
< A7) st dAE FIkg 14 F37F F7HETL 20 MHzY 71 58 AHSshe AlQkE SSPLL

AZ G 7}A7] 93] SSPDe] =L 0|52 Z9o)7] Y% CML W E o] &3, 29 F=
Fug Wl B2 Kyeod #M3E B Y8 Hx 2L A £ e Ha By E o] &3t Agkd
SSPLL2 12V &Fw A%< 7He CMOS 65-nm g4l A AAE. AE SSPLLE 1.8 GHz F3+& 7}
As 55 298 ¢ 892 mWe AEE 4R, 24 wo|28 1¢ 28 F59 93-F-93 EHY A
B9} RMS EHY Al 27t 7.6 ps9} 153 psolth

M Lo

—_
<

o

7

iy

1o rlo thu

Abstract

This paper proposes a Sub-Sampling Phase-Locked Loop (SSPLL) with an output frequency range of 1 to 32 GHz
for the clock generator of a memory controller. The proposed SSPLL consists of a Sub-Sampling Phase Detector (SSPD),
a charge pump, a loop filter, a Voltage-Controlled Oscillator (VCO), and a pulse generator, and a digital
frequency-locked loop is added to generate a clock with a wide output frequency range. The proposed SSPLL, using a
20 MHz reference clock, employs a CML buffer to reduce the high gain of the SSPD for a 1 MHz loop bandwidth. It
also utilizes a pulse generator capable of controlling pulse width to compensate for changes in the Kyco due to variations
in the output clock frequency. The proposed SSPLL is implemented in a 65 nm CMOS process with a supply voltage
of 1.2 V. When generating a 1.8 GHz clock, the SSPLL consumes 8.92 mW of power, and the peak-to-peak and
RMS time jitters of the output clock, considering various noise sources, are 7.6 ps and 1.53 ps, respectively.
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Table 1. Performance comparison of PLLs

Proposed
ltem (8] [9] method
Process 65nm 40nm 65nm
Supply 12V 1.1V 12V
Ref. Freq. 1.25GHz 26MHz 20MHz
Output Freq. | 1.25GHz | 242GHz 1.8GHz
Jp-plJrus 47ps/5ps | - /3290s | 7.6ps/1.53ps

#* 2. SSPLLe| =ZF Ful e vl
Table 2. Operating frequency range comparison of
SSPLLs

Proposed

ltem 4] 5] method
Process 65nm 180nm 65nm
Supply 1.0V 1.1V 12V
Ref. Freq. 40MHz 50MHz 20MHz
Loop BW 4MHz 3.32MHz 1MHz
VCO type LC Ring Ring
Operating 434 - 225 - ~

Frea. 494GHz 252GHz 1~ 32GHe
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