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5-GHz Phase-Locked Loop Using Pseudo-
Differential Delay Cell With Linear VCO Galin

Minkyu Kim, Tongsung Kim and Woo-Young Choi

Department of Electrical and Electronic Engineering, Yonsei University
Seodaemun-gu, Seoul 120-749, Korea
minkyu226@yonsei.ac.kr

There are great amounts of researches and development
interests in high-performance phase-locked loop (PLL) circuits.
Voltage-controlled oscillators (VCOs) with pseudo-differential
delay cells have advantages of low jitter, low power, and multi-
phase output [1]. However, they have non-linear gain
characteristics. In this study, we modified delay cell structures
for the goal of linearizing VCO gain characteristics. Fig. 1
shows the schematics of the conventional delay cell and newly-
proposed pseudo-differential delay cells. Fig. 2 shows post-
layout simulation result for VCO gain characteristics for both
structures.

Figl. Schematic of (a) conventional (b) proposed delay cell

7.04
—a— Conventional
654 —e— Proposed

6.0

Frequency (GHz)
F ]
s o o @

il
o

3.0 T T T T T T T T T J
00 01 02 03 04 05 06 07 08 09 1.0

Control Voltage (V)
Fig2. Simulated VCO output frequency

Fig. 3 shows the overall PLL block diagram, which produces
5-GHz clock signals with 156.25-MHz reference clock. Our
PLL circuit is implemented in standard 65-nm CMOS
technology. Fig. 4 shows the microphotograph of the
fabricated chip. Fig. 5 shows measured VCO gain
characteristics and time-domain output signals. These results
prove that pseudo-differential delay cell has linearized VCO
gain. The PLL consumes 4mW and have 4.1ps RMS jitter
with 5-GHz output clock.

This work was supported by the National Research Foundation of Korea
grant funded by the Korea government (MEST) [2015R1A2A2A01007772].
The authors are also thankful to IDEC for MPW and EDA software support.
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PLL with Linear K~ for High-Speed Interconnect Application

High-Speed Interconnect Applications
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- USB, SATA, DisplayPort, HDMI, etc. | v VCO has large portion for area, power, jitter, speed
v Low-power, low-jitter PLL at transmitter required

v' Small-area, high-speed, low-power, low-jitter VCO is described

Design of Linear K~
» Ring Type VCO  Measurement Setup & Summary

e 5-GHZ Clock

156.25-MHz >
Reference Clock § o '

: 8 "'. ‘
e Ty { i
H 4
= {
fl
{

<Ring VCO with differential delay cell> N—_ .-’ -
v Ring type VCO with differential delay cell is used widely for e .- /[ Clock Speed [GHz]
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v' Addition of NMOS control v Linear pseudo-differential delay cell
<Proposed Pseudo-Differential Delay Cell> =»Linear in wide range =»High-speed, low-power, low-jitter PLL is achieved

Conclusion

* 5-GHz PLL with linear VCO gain in wide control voltage range is realized
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