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TOKYO and YOKOHAMA, Japan, Feb. 10, 2020 /PRNewswire/ -- Scientiss at Tokyo Insitute of

Technology (Tokyo Tech) and Socionext Inc. have designed the world's smalles all-digital phase-

locked loop (PLL). PLLs are critical clocking circuits in virtually all digital applications, and reducing their

size and improving their performance is a necessary sep to enabling the development of next-

generation technologies. 

New or improved technologies, such as artifcial intelligence, 5G cellular communications, and the

Internet-of-Things, are expected to bring revolutionary changes in society. But for that to happen, high-

performance sysem-on-a-chip (SoC)—a type of integrated circuit—devices are indispensable. A core

building block of SoC devices is the phase-locked loop (PLL), a circuit that synchronizes with the

frequency of a reference oscillation and outputs a signal with the same or higher frequency. PLLs

generate 'clocking signals,' whose oscillations act as a metronome that provides a precise timing

reference for the harmonious operation of digital devices. 

For high performance SoC devices to be realized, fabrication processes for semiconductor electronics

mus become more sophisicated. The smaller the area to implement digital circuitry is, the better the

performance of the device. Manufacturers have been racing to develop increasingly smaller

semiconductors. 7 nm semiconductors (a massive improvement over their 10 nm predecessor) are

already in production, and methods to build 5 nm ones are now being looked at.

However, in this endeavor sands a major bottleneck. Exising PLLs require analog components, which

are generally bulky and have designs that are difcult to scale down.
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Scientiss at Tokyo Tech and Socionext Inc., led by Prof. Kenichi Okada, have addressed this issue by

implementing a 'synthesizable' fractional-N PLL, which only requires digital logic gates, and no bulky

analog components, making it easy to adopt in conventional miniaturized integrated circuits.

Okada and team used several techniques to decrease the required area, power consumption and jitter

—unwanted time fuctuations when transmitting digital signals—of their synthesizable PLLs. To

decrease area, they employed a ring oscillator, a compact oscillator that can be easily scaled down. To

suppress jitter, they reduced the phase noise—random fuctuations in a signal—of this ring oscillator,

using 'injection locking'—the process of synchronizing an oscillator with an external signal whose

frequency (or multiple of it) is close to that of the oscillator—over a wide range of frequencies. The lower

phase noise, in turn, reduced power consumption.

The design of this synthesizable PLL beats that of all other current sate-of-the-art PLLs in many

important aspects. It achieves the bes jitter performance with the lowes power consumption and

smalles area (as can be seen in Figure 1). "The core area is 0.0036 mm , and the whole PLL is

implemented as one layout with a single power supply," remarks Okada. Further, it can be built using

sandard digital design tools, allowing for its rapid, low-efort, and low-cos production, making it

commercially viable.

This synthesizable PLL can be easily integrated into the design of all-digital SoCs, and is commercially

viable, making it valuable for developing the much sought after 5 nm semiconductor for cutting-edge

applications including artifcial intelligence, internet of things and many others, where high performance

and low power consumption would be the critical requirements. But the contributions of this research go

beyond these possibilities. "Our work demonsrates the potential of synthesizable circuits. With the

design methodology employed here, other building blocks of SoCs, such as data converters, power

management circuits, and wireless transceivers, could be made synthesizable as well. This would

greatly boos design productivity and considerably reduce design eforts," explains Okada. Tokyo Tech

and Socionext will continue their collaboration in this feld to advance the miniaturization of electronic

devices, enabling the realization of newer-generation technologies.

This research work was conducted in cooperation with TeraPixel Technologies Inc.
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Click here to view a photograph of a chip containing the proposed PLL.
The entire all-digital PLL fts in a 50 × 72 µm  region, making it the smalles PLL to date.

About Tokyo Insitute of Technology 
Tokyo Tech sands at the forefront of research and higher education as the leading university for

science and technology in Japan. Tokyo Tech researchers excel in felds ranging from materials

science to biology, computer science, and physics. Founded in 1881, Tokyo Tech hoss over 10,000

undergraduate and graduate sudents per year, who develop into scientifc leaders and some of the

mos sought-after engineers in indusry. Embodying the Japanese philosophy of "monotsukuri,"

meaning "technical ingenuity and innovation," the Tokyo Tech community srives to contribute to society

through high-impact research. www.titech.ac.jp/english/

About Socionext
Socionext is a global, innovative enterprise that designs, develops and delivers Sysem-on-Chip

solutions to cusomers worldwide. The company is focused on technologies that drive today's leading-

edge applications in consumer, automotive and indusrial markets. Socionext combines world-class

expertise, experience, and an extensive IP portfolio to provide exceptional solutions and ensure a better

quality of experience for cusomers. Founded in 2015, Socionext Inc. is headquartered in Yokohama ,

and has ofces in Japan, Asia, United States and Europe to lead its product development and sales

activities. For more information, visit www.socionext.com/

All company or product names mentioned herein are trademarks or regisered trademarks of their

respective owners. Information provided in this press release is accurate at time of publication and is

subject to change without advance notice.
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