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Guideline
FOR ONSITE ATTENDANCE

Conference Venue
▪

InterContinental Shenzhen | 深圳华侨城洲际大酒店

▪

Address: No. 9009 Shennan Road, Overseas Chinese Town, Shenzhen ,518053, Mainland China 丨广东省深圳市华侨城深南
大道 9009 号

For Oral Presentation
▪

The duration of a presentation slot is 18 minutes. Please target your lecture for a duration of about 15 minutes for the
presentation plus about 3 minutes for questions from the audience.

▪

Your punctual arrival and active involvement in each session will be highly appreciated.

▪

Get your presentation PPT or PDF files prepared and backed up.

▪

Laptop (with MS-Office & Adobe Reader), projector & screen, laser sticks will be provided by the conference organizer.

Duplication/ Recording
▪

Unauthorized photography, audio taping, video recording, digital taping or any other form of duplication is prohibited in the
conference.

Security
▪

Please ensure that you take all items of value with you at all times when leaving a room. Do not leave bags or laptops
unattended.

Name Badge
▪

For security purposes, delegates, speakers, exhibitors and staff are required to wear their name badge to all sessions and
social functions. Entrance into sessions is restricted to registered delegates only. If you misplace your name badge, please see
the staff at the registration desk to arrange a replacement.

Safety & Well-being
▪

You are required to wear face masks in public areas.

▪

Good hand hygiene is one of the most important steps individuals can take to protect themselves.

▪

Attendees are suggested to have a body temperature check prior to arriving at the venue.

▪

Signs of COVID-19 and/or with a fever of 37.3° or greater should be reported immediately.

▪

You are requested to present your health code before entering the conference venue.

▪

Scan the QR code to obtain your health code:
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Guideline
FOR VIRTUAL ATTENDANCE

Platform: Zoom
▪

For Users from mainland China please download: www.zoom.com.cn/download

▪

For General Users please download: https://zoom.us/support/download

▪

Zoom Help Center: https://support.zoom.us

Time Zone
▪

China Standard Time (CST) UTC/GMT+08:00

▪

Please make sure that both the clock and the time zone on your computer are set to the correct China Time

Device
▪

A computer with an internet connection (wired connection recommended)

▪

USB plug-in headset with a microphone (recommended for optimal audio quality)

▪

Webcam (optional): built-in or USB plug-in

Environment
▪

Quiet Environment

▪

Stable Internet Connection

▪

Proper lighting

Sign In and Join
▪

Join a meeting without signing in: A Zoom account is not required if you join a meeting as a participant, but you cannot
change the virtual background or edit the profile picture

▪

Sign in with a Zoom account: All the functions are available

Voice Control Rules
▪

The host will mute all participants while entering the meeting.

▪

Speakers can unmute microphone when it is his or her turn for presentation.

Conference Recording
▪

The whole conference will be recorded. We appreciate your proper behavior and appearance.

▪

The recording will be used for the conference reports among the committee. It won’t be distributed to or shared with anyone
else, and it shall not be used for commercial or illegal purpose. It will only be recorded by the staff; the presenters are not
allowed to record.

5

Conference Venue
InterContinental Shenzhen
深圳华侨城洲际大酒店
Address: No. 9009 Shennan Road, Overseas Chinese Town,
Shenzhen ,518053, Mainland China
广东省深圳市华侨城深南大道 9009 号

Experience a fusion of cultures at this chic urban resort hotel set in the heart of Shenzhen’s Overseas Chinese Town. Blending
Spanish-inspired elegance with modern design and time-honoured local traditions, the hotel offers a comprehensive range of
recreation, dining and meeting facilities accommodating the needs of leisure, business and conference visitors.

Transportation


Shenzhen Baoan International Airport (SZX)



Estimated taxi Cost : 100 CNY



Estimated time by taxi : 35-40 minutes



Train charge (one way): 7 CNY



Hong Kong International Airport (HKG)



Train charge (one way): 120 CNY



Ferry charge (one way): 260 CNY

Floor


Barcelona /巴塞罗那宴会厅: 1F



Madrid 2/马德里 2 厅: 1F



Madrid 3/马德里 3 厅: 1F



Madrid 5/马德里 5 厅: 1F



Madrid 6/马德里 6 厅: 1F



Madrid 7/马德里 7 厅: 1F



Madrid 8/马德里 8 厅: 1F
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Floor Plan
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Agenda Overview
November 10, 2022 (Thursday)
All Day
Device Testing for Online Attendance
Time
Zoom ID
10:00-12:00
14:00-18:00

Event
Room 1: 886 7862 9348
Keynote Speakers
Session Chairs
Tutorial
Industry Session

Room 2: 828 9090 7006
APCCAS Authors
PrimeAsia Authors
Listeners

Naming Manner
(Please Rename by Entering the Meeting Room)
Device Testing for Online Attendance
Role

Format

Example

Presenter

Session Number-Paper ID-Name

S1-AP000-Alex

Listener

Listener-Name

Listener-Alice

8

November 11, 2022 (Friday)
Morning
Time

Event

Place

09:00-18:00

Registration & Material Collection
Tutorial 1
Artificial Intelligence for B5G and 6G: Algorithms and

09:00-12:00

Implementations
Tutorial 2
High-speed Circuits Design in Optical Transceivers and
Co-packaged Optics for Datacenter Interconnects

12:00-13:00

Foyer
前厅

Zoom ID
/

Madrid 2

Room 1

马德里 2 厅

886 7862 9348

Madrid 3

Room 2

马德里 3 厅

828 9090 7006

Madrid 2

Room 1

马德里 2 厅

886 7862 9348

Madrid 3

Room 2

马德里 3 厅

828 9090 7006

Madrid 2

Room 1

马德里 2 厅

886 7862 9348

Lunch Time
Afternoon
Tutorial 3

13:00-16:00

COMPUTE-IN-MEMORY PROCESSORS: A Cross-layer
Approach

13:00-16:00

Industry Session

16:00-16:30

Coffee Break
Student Design Contest

16:30-18:00

Foyer

PrimeAsia Poster
18:00-18:30

前厅

Welcome Reception/VIP Reception
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/

November 12, 2022 (Saturday)
Morning
Time

Event

Place

09:00-09:30

Chair: Hao Yu, Southern University of Science and

Opening Ceremony

Zoom ID

Barcelona

Room 1

巴塞罗那宴会厅

886 7862 9348

Presenter: Peter Lian

Barcelona

Room 1

Title: Event-Driven System Architecture for Ultra Low

巴塞罗那宴会厅

886 7862 9348

Technology
Keynote Speech 1
09:30-10:30

Power AIoT Sensors
10:30-11:00

Group Photo/Coffee Break
Keynote Speech 2

11:00-12:00

Presenter: Shaojun Wei

Barcelona

Room 1

Title: Software definition AI chip–A new design

巴塞罗那宴会厅

886 7862 9348

methodology driven by architecture innovation
12:00-14:00

Lunch / Committee Meeting/IEEE Standard Activities (Zoom ID: 844 5014 6208)
Afternoon

14:00-15:30

Session 1

Madrid 3

Room 1

Power and Energy Circuits and Systems-I

马德里 3 厅

886 7862 9348

Session 2

Madrid 5

Room 2

Communications Circuits and Systems-I

马德里 5 厅

828 9090 7006

Session 3

Madrid 7

Room 4

Nanoelectronics, Devices and System Integration

马德里 7 厅

872 1245 0968

Madrid 8

Room 5

马德里 8 厅

859 1566 1787

Session 4

Madrid 3

Room 1

Power and Energy Circuits and Systems-II

马德里 3 厅

886 7862 9348

Session 5

Madrid 5

Room 2

Communications Circuits and Systems-II

马德里 5 厅

828 9090 7006

Special Session 1
Application-specific AI on FPGAs & Design for Test on
Circuits and Systems
15:30-16:00

16:00-17:48

18:30-20:00

Coffee Break

Session 6

Madrid 7

Room 4

Signal Processing, Control and Communications

马德里 7 厅

872 1245 0968

Session 7

Madrid 8

Room 5

5G and Beyond Technologies

马德里 8 厅

859 1566 1787

Banquet
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Barcelona
巴塞罗那宴会厅

November 13, 2022 (Sunday)
Morning
Time

09:00-10:30

Event

Place

Session 8

Madrid 3

Room 1

Biomedical Circuits and Systems

马德里 3 厅

886 7862 9348

Session 9

Madrid 5

Room 2

Electronic Design Automation

马德里 5 厅

828 9090 7006

PrimeAsia Session 1

Madrid 6

Room 3

Analog and Mixed Signal Circuits

马德里 6 厅

899 4689 2393

Special Session 2

Madrid 7

Room 4

Devices, Circuits and Systems Beyond Moore’s Law

马德里 7 厅

872 1245 0968

Tutorial 4

Madrid 8

Room 5

Trending of EDA

马德里 8 厅

859 1566 1787

Session 10

Madrid 3

Room 1

Artificial Intelligent Circuits and Systems

马德里 3 厅

886 7862 9348

Session 11

Madrid 5

Room 2

Analog and Mixed Signal Circuits and Systems-I

马德里 5 厅

828 9090 7006

PrimeAsia Session 2

Madrid 6

Room 3

Emerging Technology

马德里 6 厅

899 4689 2393

Special Session 3

Madrid 7

Room 4

RF/mmW/Sub-THz Circuits and Systems

马德里 7 厅

872 1245 0968

Tutorial 4

Madrid 8

Room 5

Trending of EDA

马德里 8 厅

859 1566 1787

10:30-11:00

11:00-12:48

12:48-14:00

Zoom ID

Coffee Break

Lunch / WiCAS &YP (Zoom ID: 844 5014 6208)
Afternoon

14:00-15:30

Session 12

Madrid 3

Room 1

Imaging Sensory Ciruitry and system

马德里 3 厅

886 7862 9348

Session 13

Madrid 5

Room 2

Nonlinearly Systems, Circuit Theory and Education

马德里 5 厅

828 9090 7006

Session 14

Madrid 6

Room 3

Brain-Machine Interface Circuits and Systems

马德里 6 厅

899 4689 2393

Session 15

Madrid 7

Room 4

Digital Circuits and Systems-I

马德里 7 厅

872 1245 0968

Special Session 4

Madrid 8

Room 5

马德里 8 厅

859 1566 1787

Session 16

Madrid 3

Room 1

Artificial Intelligent Circuits and Systems

马德里 3 厅

886 7862 9348

Session 17

Madrid 5

Room 2

Analog and Mixed Signal Circuits and Systems-II

马德里 5 厅

828 9090 7006

Energy Efficient Memory Computing Circuit and
Architecture
15:30-16:00

16:00-18:06

Coffee Break
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16:00-18:06

Session 18

Madrid 6

Room 3

IoT and Sensory Circuits and Systems

马德里 6 厅

899 4689 2393

Session 19

Madrid 7

Room 4

Digital Circuits and Systems-II

马德里 7 厅

872 1245 0968

Special Session 5

Madrid 8

Room 5

Efficient Design for Post-Quantum Cryptography

马德里 8 厅

859 1566 1787
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Keynote Speech 1
Chair

Yongfu Li, Shanghai Jiao Tong University

Venue

Time

9:30-10:30 (Beijing Time) 丨 November 12, 2022

Zoom ID

Barcelona
巴塞罗那宴会厅
Room 1: 886 7862 9348

Peter Lian
York University




Canadian Academy of Engineering Fellow
Academy of Engineering Singapore Fellow
IEEE Fellow

Bio: Peter Lian is a Fellow of the Canadian Academy of Engineering, the Academy of Engineering Singapore, and IEEE. His research
interests are in the areas of self-powered wireless sensors, energy efficient event-driven signal processing techniques and biomedical
circuits and systems. He is the recipient of more than 15 awards including the IEEE Circuits and Systems Society’s Guillemin-Cauer
Award, IEEE Communications Society Multimedia Communications Best Paper Award, and Institution of Engineers Singapore
Prestigious Engineering Achievement Award, and the Design Contest Award at the International Symposium on Low Power
Electronics and Design in 2015. He serves as the Chair for the IEEE Periodicals Partnership Opportunities Committee,
member-at-large of the IEEE Publication Services and Products Board, member of the IEEE Periodicals Committee, Member of IEEE
Products and Services Committee. He was the President of the IEEE Circuits and Systems Society, Editor-in-Chief of the IEEE
TRANSACTIONS ON CIRCUITS AND SYSTEMS II: EXPRESS BRIEFS for two terms, the VP for Publications and VP for Region 10 of the
IEEE CAS Society, and many other roles in the IEEE.

SPEECH Title: Event-Driven System Architecture for Ultra Low Power AIoT Sensors
Abstract: Artificial Intelligence-of-Things (AIoT) devices differ from the IoT counterpart that not only they sense, store, transmit data
but also analyze and act on data, i.e. they perform tasks similar to what a person could do. For the ubiquitous deployment of sensors
in AIoT, power consumption of each sensor should be made as low as possible for extended operation hours. The traditional signal
processing flow relies on Nyquist rate to digitize input signal, which generates redundant samples for sparse inputs in many AIoT
applications and increases power consumption for the AI engine. Different from Nyquist sampling scheme, the event-driven system
generates samples only if a predefined event occurs, i.e. the power consumption tracks the input activities. The amount of data
generated in an event-driven system is intrinsically compressed, leading to significant savings in power. This keynote talk will
introduce several low power features of an even-driven system, and demonstrate how to achieve orders of magnitude reduction in
power consumption.
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Keynote Speech 2
Chair

Yongfu Li, Shanghai Jiao Tong University

Venue

Time

11:00-12:00 (Beijing Time) 丨 November 12, 2022

Zoom ID

Barcelona
巴塞罗那宴会厅
Room 1: 886 7862 9348

Shaojun Wei
Tsinghua University




CIE Fellow
IEEE Fellow
Academician IEAS

Bio: Dr. Shaojun Wei graduated from the Department of Radio & Electronics of Tsinghua University, China, in 1984 and received his
Master degree in engineering. He received his Doctor degree in Applied Science from the Faculté Polytechnique de Mons (FPMs),
Belgium, in 1991.
Dr. Shaojun Wei is now the professor of Tsinghua University; Member of the National Integrated Circuit Industry Development
Advisory Committee; Vice President of China Semiconductor Industry Association (CSIA) and President of Fabless Chapter CSIA. Dr.
Wei was the President & CEO of Datang Telecom Technology Co., Ltd. and the CTO of Datang Telecom Industry Group between
2001-2006.
Dr. Wei has been working on VLSI design methodologies research and reconfigurable computing technology research. He has
published more than 200 peer-reviewed papers and 6 monographs. He owns more than 130 patents including 14 US patents. Dr.
Wei is the Fellow of Chinese Institute of Electronics (CIE), IEEE Fellow, AAIA Fellow and Academician of International Eurasia
Academy.
Dr. Wei had won many awards including China National Second Award for Technology Invention (2015), China National Second
Award for Technology Progress (2001), SIPO & WIPO Patent Golden Award (2003, 2015), First Award for Science and Technology of
Ministry of Education (2014, 2019), China, First Award for Technology Invention of CIE (2012, 2017, 2020, 2022), EETimes China IC
Design Achievement Award (2018), Aspencore Outstanding Contribution Award of the Year/Global Electronic Achievement Awards
(2018) and SEMI Special Contribution Award (2019) and etc. He was selected to be the recipient of the 2020 IEEE CAS Industrial
Pioneer Award.

Speech Title: Software definition AI chip – A new design methodology driven by architecture innovation
Abstract: Over the past three decades, Application Specific Integrated Circuit (ASIC) is employed to meet specific system
requirements. A wide variety and small size are the advantages of ASIC. However, the diversity of applications contradicts the high
investment in ASIC R&D with the process technology going to 1Xnm. To realize an ASIC corresponding to the application in a
low-cost way, a hardware scheme with the same topology as the C/C++ description (program) should be the most direct
implementation and the most efficient as well. Reconfigurable chip is both software and hardware programmable. The hardware
architecture and functions change dynamically in real-time with the change of software algorithm while ensuring flexibility. Thus it is
14

also called a Software-Defined Chip (SDC). The wide adaptability of the SDC makes it a strong competitor to replace ASIC, FPGA, and
general-purpose processors. Artificial intelligence (AI) is ubiquitous and AI chip has become a research hotspot in recent years. AI
algorithms vary in different applications and the algorithms will continue to evolve. AI services are migrating from the cloud to the
edge nowadays. Performance demands and power consumption constraints require AI to deployed on an energy-efficient
computing engine. Reconfigurable architecture is the ideal solution for intelligent computing since its programmability and dynamic
re-configurability of architecture can adapt algorithm evolution and diversity of applications and greatly improves energy efficiency
as well. Dynamically reconfigurable technology brings the ability to bear the diversity and evolution of AI algorithms.
Software-defined AI chips are expected to provide a new route for China's chip technology to get rid of imitation.
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Tutorial 1
Chair(s): Hailong Jiao, Peking University
Time: Nov. 11, 09:00-12:00 (Beijing Time)
Place: Madrid 2/马德里 2 厅
Zoom ID: 886 7862 9348 (Room 1)

Speaker: Chuan Zhang
Southeast University, China

Chuan Zhang received the B.E. degree in microelectronics and the M.E. degree in very-large scale
integration (VLSI) design from Nanjing University, Nanjing, China, in 2006 and 2009, respectively,
and the M.S.E.E. and Ph.D. degrees from the Department of Electrical and Computer Engineering,
University of Minnesota, Twin Cities (UMN), USA, in 2012.
He is currently the Young Chair Professor of Southeast University. He is also with the LEADS,
National Mobile Communications Research Laboratory, Frontiers Science Center for Mobile
Information Communications and Security of MoE, Quantum Information Center of Southeast
University, and the Purple Mountain Laboratories, Nanjing, China. His current research interests are
algorithms and implementations for signal processing and communication systems.
Dr. Zhang serves as an Associate Editor for the IEEE Transactions on Circuits and Systems - II. He
served as an Associate Editor for the IEEE Transactions on Signal Processing and IEEE Open Journal
of Circuits and Systems, and a Corresponding Guest Editor for the IEEE Journal on Emerging and
Selected Topics in Circuits and Systems twice. He is a Distinguished Lecturer and the Secretary of the
Circuits and Systems for Communications TC of the IEEE Circuits and Systems Society. He is the
recipient of the Best Contribution Award of the IEEE Asia Pacific Conference on Circuits and Systems
(APCCAS) in 2018, the Best Paper Award in 2016, the Best (Student) Paper Award of the IEEE
International Conference on DSP in 2016, the Outstanding Achievement Award of the Intel
Collaborative Research Institute in 2018, and so on.

Speaker: You You

Purple Mountain Laboratories, China
You You received his B.S. degree in Information Science and Engineering from Southeast University
in 2012, and the M.S.E. degree in Communications and Signal Processing from the University of
Leeds and Nanjing University of Science & Technology, in 2015 and 2016, respectively, and the Ph.D.
degrees from the University of Leeds in 2021. He is currently a Postdoctoral Researcher with the
Purple Mountain Laboratories, Nanjing, China. His current research interests include the signal
processing techniques for mmWave RIS-aided communications, and VLSI design for digital signal
processing. He received the Jiangsu Funding Program for Excellent Postdoctoral Talent in 2022.

Title: Artificial Intelligence for B5G and 6G: Algorithms and Implementations
Abstract: Due to its undoubted significance, research combining “AI” and “B5G and 6G” has drawn lots of attentions from both
academia and industry. Although some initiatives related to “AI for B5G and 6G ” have been named, their design, implementation,
and optimization are unfortunately not complete and of course in infancy. Having lots of potential for AI’s new innovations, advances
are required in network architectures, signal processing solutions, semiconductor technologies as well as in its optimization regarding
the overall wireless system design. Much of the research has scattered on the design, implementation, and optimization of the
corresponding circuits and systems.
This tutorial would like to emphasize its uniqueness on “AI for B5G and 6G” related VLSI/IC designs and help audience to know the
cutting-edge progresses from the perspective of circuits and systems. With a focus on bridging the gaps between theory and practical
implementations, the goal of this tutorial is to demonstrate the latest research progress on circuits and systems design for efficiently
realizing machine learning in wireless communications. The tutorial will bring together academic and industrial aspects to identify
technical challenges and recent results related to this area.
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Tutorial 2
Chair(s): Xiaolong Liu, Southern University of Science and Technology
Time: Nov. 11, 09:00-12:00 (Beijing Time)
Place: Madrid 3/马德里 3 厅
Zoom ID: 828 9090 7006 (Room 2)

Speaker: Nan Qi

Institute of Semiconductors, Chinese Academy of Sciences, China
Nan Qi is a professor with the Institute of Semiconductors, Chinese Academy of Sciences (ISCAS), as
well as the University of Chinese Academy of Sciences (UCAS).
Dr. Qi received the B.S. degree from Beijing Institute of Technology, and the M.S. and Ph.D. degrees
in microelectronics from Tsinghua University. From 2013 to 2015, he was a research scholar with
Oregon State University, Corvallis, OR, USA. From 2015 to 2017, he was a post-doctoral researcher
and a senior circuit-design Engineer with Hewlett-Packard Labs, Palo Alto, CA, USA. From 2017 till
now, he has been a full professor with ISCAS. His research interest includes the design of integrated
circuits for wireline and wireless transceivers, especially the high-speed fiber communication
circuits and the silicon-based electronic-photonic integrated chips (EPIC).
Dr. Qi is a member of the IEEE SSCS, CAS and Photonics Society. He has contributed to over 80
conference papers and journal articles, including ISSCC, OFC, JSSC and JSTQE.

Speaker: Quan Pan

Southern University of Science and Technology, China
Dr. Quan Pan received his B.S degree in Electrical Engineering (EE) at University of Science and
Technology of China (USTC) in 2005, and his Ph.D. degree in Electronics and Computer Engineering
(ECE) at the Hong Kong University of Science and Technology (HKUST) in 2014.
From 2014 to 2018, he was Senior Staff Engineer in one Silicon Valley start-up company, working on
400GbE high-speed SerDes. He is now a tenured Associate Professor at School of Microelectronics,
Southern University of Science and Technology. His research interests include High-speed optical
transceiver, wireless and wireline circuit design.
Dr. Pan has contributed to more than 60 peer-reviewed articles. He was awarded the Pearl River
Young Researcher in 2019. He received the 2017 Outstanding Young Author Award of IEEE Circuits
and System Society. He was also the Innovation Prize Winner of the 4th Annual HKUST One Million
Dollar Entrepreneurship Competition in 2014. He serves as an active reviewer for many
international journals, including JSSC, TCAS, TVLSI, JLT, PTL, JoS, and et al.

Title: High-speed Circuits Design in Optical Transceivers and Co-packaged Optics for Datacenter Interconnects
Abstract: Optical transceivers have been widely used for medium and long reach datacenter interconnects. As the optical module
eventually interfaces with electrical ports, high-speed custom circuits play the key role in both O/E and E/O conversions. The
co-design techniques with photonic devices are critical to achieve high bandwidth and high signal integrity. Meanwhile, silicon
photonics has been witnessed with an accelerated growth in recent years, enabling the dense integration of photonics with
electronics. In this way, the Co-packaged Optics (CPO) becomes one of the most promising techniques to enable high density and low
power chip-level optical interconnects. This tutorial focuses on the custom circuits design, especially the high-speed drivers and TIAs
for optical transceivers, as well as the co-designed electronic-photonic integrated chips (EPIC) in silicon. Some recent works will be
reviewed, including our works on high-speed drivers and receivers.
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Tutorial 3
Chair(s): Hailong Jiao, Peking University
Time: Nov. 11, 13:00-16:00 (Beijing Time)
Place: Madrid 2/马德里 2 厅
Zoom ID: 886 7862 9348 (Room 1)

Speaker: Yongpan Liu
Tsinghua University, China

Yongpan Liu received the B.S., M.S., and Ph.D. degrees from the Electronic Engineering Department,
Tsinghua University, Beijing, China, in 1999, 2002, and 2007, respectively. He is currently a Full
Professor with the Department of Electronic Engineering, Tsinghua University. Prof. Liu is a Program
Committee Member for ISSCC, ASSCC and DAC. He has received under 40 Young Innovators Award
DAC 2017, Best Paper/Poster Award from ASPDAC 2021, 2017, Micro Top Pick 2016, HPCA 2015,
and Design Contest Awards of ISLPED in 2012, 2013 and 2019. He served as General Secretary for
ASPDAC 2021 and Technical Program Chair for NVMSA 2019. He was Associate Editor of the IEEE
TRANSACTIONS ON COMPUTER-AIDED DESIGN OF INTEGRATED CIRCUITS AND SYSTEMS, the IEEE
TRANSACTIONS ON CIRCUITS AND SYSTEMS—II, and the IET Cyber-Physical Systems. He is an IEEE
Senior Member. He served as A-SSCC2020 tutorial speaker and IEEE CASS Distinguished Lecturer
2021.

Title: COMPUTE-IN-MEMORY PROCESSORS A Cross-layer Approach
Abstract: Computing in memory (CIM) processor is quite promising to improve energy efficiency of ML applications. Plenty of CIM
circuit designs are emerging, such as SRAM, DRAM and RRAM, which demonstrates obvious advantages over digital counterparts in
device and macro level. Recently, how to exploit CIM in system-level processor design is attracting more and more attentions. This
tutorial will introduce CIM processor designs from a holistic approach, covering device, macro and system level techniques to design
programmable and scalable CIM processors. Hardware and software co-design techniques will also be covered to support realistic ML
applications, including considerations of device/circuit non-idealities, system architecture, and model structures suitable for CIM
processors with compression techniques such as pruning and quantization.

Speaker: Hongyang Jia
Tsinghua University

Hongyang Jia received the B.Eng. degree in microelectronics from Tsinghua University, Beijing,
China, in 2014, and the M.A. and Ph.D. degrees in electrical and computer engineering from
Princeton University, Princeton, NJ, USA, in 2016 and 2021, respectively.
Since August 2022, he has been with Tsinghua University, Beijing, China, where he is currently an
Assistant Professor of electronic engineering. Previously, he was a Research Post-Doctorate at
NVIDIA Research. His research interests cover emerging computing techniques and their vertical
integration with VLSI and architectures. These include computing fabrics such as in-memory
computing and approximate computing.
Prof. Jia was a recipient of the 2017 ADI Outstanding Student Designer Award and the 2022 Best
Dissertation Award in Electrical and Computer Engineering at Princeton University. He also serves
on the technical program committee for ICCAD.

Title: Designing programmable and scalable compute-in-memory
Abstract: The application of artificial intelligence (AI) has put unprecedented requirements for computing capability. As a promising
alternative for conventional digital architectures breaking through the well-known 'memory-wall', compute-in-memory (CIM) achieves
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magnitude improvements in energy efficiency and throughput for high-dimensional matrix multiplications. However, how do we know
if we still access those gains when integrating CIM with complex architecture and software environments in real application
scenarios? This talk discusses the challenges of reliability, programmability, and scalability in CIM implementations, based on the
co-design across circuits, architecture, and software stack. First, we introduce circuit-level considerations of high-SNR SRAM-based
CIM and its stable abstraction for architectural integration. Then, we discuss and demonstrate the integration of CIM with a CPU
architecture and a scalable CIM accelerator for neural-network inference characterized by the co-design of architecture and software
mapping.

Speaker: Jinshan Yue

Institute of Microelectronics of the Chinese Academy of Sciences
Jinshan Yue received the B.S. and Ph.D. degree from the Electronic Engineering Department,
Tsinghua University, Beijing, China, in 2016 and 2021, respectively. He is currently a post doctor
and research assistant in the Institute of Microelectronics, Chinese Academy of Sciences.
His current research interests include energy-efficient neural network processor, non-volatile
memory, and computing-in-memory system design. He has authored and co-authored over 30
technical papers. He has received the excellent doctoral dissertation of Tsinghua University,
ASP-DAC2021 Student Research Forum Best Poster Award, and 2021 Beijing Nova Program.

Title: Sparsity-aware system-level computing-in-memory processor design
Abstract: Computing-in-memory (CIM) macros/circuits have demonstrated promising energy efficiency for artificial intelligence (AI)
applications. Extending the macro-level high efficiency to a system-level CIM processor with a high utilization rate is a critical concern.
Meanwhile, integrating the algorithm-level sparsity techniques with CIM macros is necessary to achieve high system energy efficiency.
This talk discusses the sparsity-aware system-level CIM processor design. Several sparsity-aware cross-layer optimization techniques
are explored by combining the block-wise sparsity and sparsity-aware CIM macros. The system-level mapping/scheduling method is
discussed to match the layer parameters of various neural networks (NN). This tutorial also presents how to implement a large-size
NN model with limited on-chip CIM macro sizes.
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Tutorial 4
Chair(s): Quan Chen, Southern University of Science and Technology
Time: Nov. 13, 09:00-12:30 (Beijing Time)
Place: Madrid 8/马德里 8 厅
Zoom ID: 859 1566 1787 (Room 5)

Speaker: Yu Huang
HiSilicon, China

Dr. Yu Huang is Semiconductor Scientist of Huawei, EDA Chief Architect and EDA Lab director of
HiSilicon. Before Joining HiSilicon, he was Sr. Key Expert of Mentor Graphics. His research interests
include VLSI SoC testing, ATPG, compression, diagnosis, yield analysis, machine learning and AI
chips. He got his Ph.D. in electrical and computer engineering from the University of Iowa, USA. He
has more than 70 patents and published more than 140 papers on leading IEEE Journals,
conferences and workshops. He is a senior member of the IEEE. He has served as technical program
committee member for DAC, ITC, VTS, ATS, ETS, ASPDAC, NATW and many other conferences and
workshops in the testing area. He is also an adjunct professor at School of Microelectronics, Fudan
University, China.

Speaker: Gang Chen

Nanjing Industrial Innovation Center of EDA, China
Dr. Gang Chen is the Executive Deputy General Manager of Nanjing Industrial Innovation Center of
EDA (NiCEDA). His research interests include logic synthesis, placement, routing, DFM, DRC,
machine learning, distributed and heterogeneous computing. Dr. Chen got his Bachelor ’ s Degree
from Tsinghua University and his Ph.D. degree from University of California, Los Angeles (UCLA)
majoring in Computer Science. After graduation, he joined Aplus Design Technologies, which was
acquired by Magma in 2003. At Magma, Dr. Chen was Director of Software Engineering, responsible
for ASIC routing, DFM, backend flow for FPGA & Structured Asics products. In 2011, he went back to
China as one of the "Expert of Thousand Talents" and worked in several different high-tech
companies as Group Vice President and General Manager, including Shanghai Fudan
Microelectronics Group Co., Ltd.

Title: Trending of EDA
Abstract: In this talk, we will discuss the trending of EDA in the following four areas:
(1) AI for EDA and EDA for AI chips (Yu, 1 hour) Some successful and unsuccessful applications of AI technologies on EDA algorithms.
Why do we need special AI accelerators and how EDA is applied to design such chips?
(2) EDA with new technology nodes (Yu, 0.5 hours) The impacts of the new technology to EDA tools are beyond our imaginations. I
will take some EDA tools as examples such as TCAD, OPC, ATPG, diagnosis and yield learning.
(3) New EDA technology in digital designs (Gang, 1.5 hours) New algorithms and methodologies are applied to EDA tools for digital
designs, such as logic synthesis, physical synthesis, placement and routing, static timing analysis (STA) etc.

20

Industry Session
Chair(s): Wei Mao, Southern University of Science and Technology
Time: Nov. 11, 13:00-16:00 (Beijing Time)
Place: Madrid 3/马德里 3 厅
Zoom ID: 828 9090 7006 (Room 2)
Time

Organization

Info.

13:00-13:45

GeneSense Technology Inc.

13:45-14:30

Shenzhen GWX Technology Co., Ltd

Title: Domestic EDA Development Making up leeway – GWX Tools
and Design services
Presenter: Fan Yang

14:30-15:15

XINYI Information Technology

Title: Introduction to the Cellular IoT SoC: Market, Application and
Technology
Presenter: Jinghua Zhang

15:15-16:00

Chipsea Technology Co.,LTD.

Title: Smart Sensing Analog Technology
Presenter: Min Chen

Title: Transformation of DNA Sequencing with the Innovation of
Semiconductor Technology
Presenter: Mei Yan

Speaker: Mei Yan

GeneSense Technology Inc.

Dr. Mei Yan, the founder and CEO of GeneSense Technology Inc., received the Ph.D. degree in
Electronic Engineering at the State University of New York at Stony Brook in 2004. She has
participated in the CMOS image sensor chip research and development in United States for almost
10 years. Since 2010, she has been engaged in the research of biomedical chips and systems and
Genome Sequencing Industry. Dr. Yan Mei has published one book on biosensor chips, more than
10 patents and more than 30 SCI papers.

Title: Transformation of DNA Sequencing with the Innovation of Semiconductor Technology
Abstract: DNA sequencing methodology has experienced rapid evolvement over the past 40 years and new methods have been
continuously and successfully commercialized such as next generation sequencing (NGS). As the technology develops, DNA
sequencing has extensive applications such as diagnostics, gene therapy, drug discovery, precision medicine, global pan-pathogen
surveillance network, etc. In this talk, we will discuss the applications of DNA sequencing, the development trend of DNA
sequencing methodology, the limitation of DNA sequencing methodologies of different generations and GeneSense's vision on
transforming life science and healthcare with the power of genomics based on the innovation of semiconductor technology.
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Speaker: Fan Yang

Shenzhen GWX Technology Co., Ltd

Dr. Fan Yang is Vice President of Engineering in GWX Design-for-Test (DFT) Business Group. Fan
leads DFT EDA tools development as well as design teams responsible for delivering IPs,
methodology and flow. His teams also provide customized DFT solutions and implementation on
SoCs.
Fan joined GWX in 2020 to build up DFT design teams and took in charge of DFT tool development
in 2021. Prior to GWX, Fan worked for Intel and Avago/LSI (currently Broadcom Corporation) from
2007 to 2020 in DFT R&D and design implementation. He played a key role in Intel ’ s first 16FF
product delivery in 2015. Before departure from Intel, he was leading DFT implementation on a
cutting-edge product. He earned PhD degree in Electrical, Electronic and Computer Engineering
from University of Iowa.

Title: Domestic EDA Development Making up leeway – GWX Tools and Design services
Abstract: As Moore’s law continues, both design and manufacture of today’s semiconductor devices require EDA, Electronic Design
Automation.
This tutorial session presents existing products and roadmap of GWX EDA technology developments.
GWX is developing Physical verification and OPC (Optical Proximity Correction) technology to support sophisticated manufacturing
process. In addition, by means of multiple national level projects GWX had developed a complete set of EDA solutions for back-end
SoC design. It includes SPICE simulator, Formal verification, Memory BIST and ATPG, etc.
GWX also enrolls into design services business includes spec-in customer design, RTL2GDS, Turnkey and system developments.

Speaker: Jinghua Zhang
XINYI Information Technology

Jinghua Zhang received the B.Sc. and M.Sc. degrees in microelectronics from Peking University,
Beijing, China, in 2001 and 2004, respectively, and the Ph.D. degree in electrical engineering from
the National University of Singapore (NUS), Singapore, in 2011. In NUS. his research interest is
low-voltage low-power analog and mixed-signal circuit design.
From 2010 to 2017, he was with central engineering, Broadcom, Singapore, as an analog designer
to develop power management units and analog circuits for wireless combo chips. Since 2017, Dr.
Zhang has been with XINYI Information Technology as a partner, and lead RF and analog team to
develop analog front end IPs for IoT SoC products. Xinyi’s 5G NB-IoT chips have been extensively
used in diversified products like gas meters, water meters, smoke detectors, door sensors, asset
tracking and other IoT applications, and obtained widely recognition from customers.

Title: Introduction to the Cellular IoT SoC: Market, Application and Technology
Abstract: As a major developing branch of the IoT tree, the cellular IoT technology such as NB-IoT and LTE Cat.1 is booming rapidly
and uniquely enables the wide-area, long-distance and mobile IoT applications. We will provide a view into this trending topic
through the market, application, and technology angles. This talk will cover both the general background and the specific examples
of XYSemi ’ s diverse product lines. The focus of the technical part is on the analog side. We will reveal the RF transceiver
architecture and some key technical points in our 1st and 2nd generation NB-IoT chipsets. XYSemi is the first to integrate power
amplifiers within an NB-IoT SoC and put it into products. This breakthrough brings significant area/cost benefits and is now
followed by the whole industry.
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Speaker: Min Chen

Chipsea Technology Co.,LTD.

Min Chen is the IC R&D director of Chipsea Technology Co.,LTD which is the one of the top 50
listed companies on the Science and Technology Innovation Board. He received the M.S. degrees
from the Huazhong university of Science and Technology( HUST) in 2004 ， senior engineer
title ,high-level talent. Min Chen has more than 18 years’ automotive product design experience in
semiconductor industry. He is familiar with the car radio system, automotive battery management
system and automotive microcontroller system. His directions focus on analog high precision mixed
signal R&D, automotive ASIC R&D. He is also responsible for several national key projects and
scientific and technological innovation projects.

Title: Smart Sensing Analog Technology
Abstract: In information age of IoT, the information industry includes sensor technology, communication and computer technology.
Sensing is the entrance of the IoT which can transform different physical /chemistry quantities into electrical signals. Providing high
performance sensing portfolio which combines precision, reliability, power efficiency and robustness is more challenged. This
tutorial will introduce smart analog signal conditioning technologies to acquire relevant, accurate, complete useful data in the real
application. Different types of sense/measure techniques will be covered together with the product level consistency, stability and
reliability consideration.
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Student Design Contest
Chair(s): Chao Wang, Huazhong University of Science and Technology (Onsite)
Time: Nov. 11, 16:30-18:00 (Beijing Time)
Place: Madrid 2/马德里 2 厅
Zoom ID: 886 7862 9348 (Room 1)
Time

Paper ID

16:30-17:00

6654

17:00-17:30

2393

17:30-18:00

1389

Info.
Title: A 320 fps pixel-level pipelined stereo vision accelerator with regional optimization
and multi-direction hole filling
Author(s): Ke Li, Xinyu Guan, Pingcheng Dong, Zhuoyu Chen, Lei Chen, Fengwei An
Presenter: Li ke
Affiliation: Southern University of Science and Technology
Title: Hardware Accelerator Design of Non-linear Optimization Correlative Scan Matching
Algorithm in 2D LiDAR SLAM for Mobile Robots
Author(s): Qianjin Wang, Ao Hu, Dongxiao Han, Yu Yu, Guoyi Yu, Yuwen Li, and Chao Wang
Presenter: Ao Hu
Affiliation: Huazhong University of Science and Technology
Title: An FPGA-based High-Throughput Keypoint Detection Accelerator using
Convolutional Neural Network for Mobile Robot Applications
Author(s): Jingyuan Li, Ye Liu, Kun Huang, Liang Zhou, Liang Chang and Jun Zhou
Presenter: Jingyuan Li
Affiliation: University of Electronic Science and Technology of China

A 320 fps pixel-level pipelined stereo vision accelerator with regional optimization
and multi-direction hole filling
Abstract: Semi-global matching (SGM) is a canonical depth estimation algorithm widely used in the fields of autonomous driving,
3D reconstruction, and SLAM. However, high complexity withholds its application in high-speed and low-power depth extraction
scenarios, notably in IoT and edge devices. To tackle these problems, we propose a region-optimized SGM algorithm, which can
alleviate memory consumption bottleneck and strike a balance among power dissipation, processing speed, and resource
consumption. First, we design a fully parallel initial matching costs calculation architecture, which ensures synchronization of the
left and right pixel stream. Then, a two-layer parallel two-stage pipeline structure (TPTP) calculates the cost aggregation in two
directions (0° and 135°) to mitigate the high computational complexity. Finally, we adopt a LUT-based cosine sub-pixel interpolation
architecture and a multi-directional parallel hole filling architecture (MPHF) to improve accuracy further in the disparity refinement
process. The experimental results show that the proposed pixel-level pipeline architecture achieves a processing speed of 320
frames per second (fps) at 98MHz on the Stratix-IV FPGA device.
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Hardware Accelerator Design of Non-linear Optimization Correlative Scan
Matching Algorithm in 2D LiDAR SLAM for Mobile Robots
Abstract: Simultaneous localization and mapping (SLAM) is the major solution for constructing or updating a map of an unknown
environment while simultaneously keeping track of a mobile robot's location. Correlative Scan Matching (CSM) is a scan matching
algorithm for obtaining the posterior distribution probability for the robot's pose in SLAM. This paper presents a hardware
accelerator design of NLO-CSM (Non-linear Optimization CSM) algorithm for the scan matching in 2D LiDAR SLAM. The proposed
NLO-CSM algorithm hardware accelerator utilizes pipeline processing and module reusing to achieve low power consumption, fast
matching and high area efficiency, while ensuring high calculation accuracy. FPGA implementation results show that at 100 MHz
clock, the power consumption of the proposed hardware accelerator is as low as 139 mW, while it performs a scan matching at 34.8
ms and 4.837 mJ. The proposed design outperforms the conventional CPU implementation with 69.44% increase and 93.17% saving
in computing speed and energy consumption, respectively. ASIC implementation in 65 nm can further improve the energy efficiency
by 93.05%, by reducing the computing time and energy consumption per scan to 30 ms and 0.336 mJ, respectively, which shows
that the proposed NLO-CSM hardware accelerator design is suitable for resource-limited and energy-constrained mobile and micro
robot applications.

An FPGA-based High-Throughput Keypoint Detection Accelerator using
Convolutional Neural Network for Mobile Robot Applications
Abstract: Keypoint detection is a key procedure for Visual-Inertial Odometry (VIO). In recent years, Convolutional Neural Network
(CNN) has been introduced to enhance the robustness of keypoint detection. However, the high computational complexity and
memory usage make them difficult to be deployed to edge platforms for high-throughput mobile robot applications such as
Unmanned Aerial Vehicles (UAVs) and Autonomous Mobile Robots (AMRs). In this work, we proposed a FPGA-based
high-throughput keypoint detection accelerator using CNN with algorithm-hardware co-design, including a lightweight keypoint
detection neural network and a dedicated hardware accelerator architecture. Implemented on a Xilinx ZCU104 FPGA board, the
proposed accelerator is able to perform keypoint detection at 94 FPS for 640×480 input image with a low ATE, outperforming the
state-of-the-art designs.
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IEEE Standard Activities
Chair: Yongfu Li, Shanghai Jiao Tong University
Time: Nov. 12, 14:00-13:00 (Beijing Time)
Place: Madrid 8/马德里 8 厅
Zoom ID: 844 5014 6208 (Room 6)
The IEEE Circuits and Systems Society (CASS) recently approved establishing the Standards Activities Sub Division
(SASD) under its Technical Activities (TA) Division. IEEE CASS SASD will be starting efforts to provide core
standards for the benefit of industry including integrated circuit design and test systems, emerging processors,
domain-specific accelerators, wearable and flexible circuits and systems, and hardware security. These standards
help enable industry to move technology forward at a rapid pace to deliver amazing products to consumers. By
working with the IEEE Standards Association (IEEE SA), IEEE CASS would be able to provide a globally open,
inclusive, and transparent environment for market-relevant, voluntary consensus standardization, and other
industry consensus activities in the Circuits and Systems area.
The mission of this new initiative by IEEE Circuits and Systems Society (CASS) Standards Activities Board (SASD) is
to encourage all the relevant stakeholders to participate in standardization activities, to promote the use of IEEE
standards, and to develop useful products that leverage IEEE standards within the scope of the CASS. This new
initiative also promotes and fosters academic and industry participation by engaging a broader community by
drawing members from various IEEE CASS Technical Committees (TC). Also, professionals or ad-hoc industry
groups who are actively working on standardization activities related to CASS are invited to bring their activities
under the umbrella of IEEE CASS SASD to utilize the broader impact of IEEE Standards.
In this outreach event, the committee will be presenting the following talks to allow our audiences to have a
better understanding of IEEE Standards
Overview of IEEE Standards and IEEE CASS SASD (Yongfu Li)
Introduction to 5 different standard committees (Li Du, Yuan Du, and Yang Zhao)
Questions and Answers
Social networking
Members interested in participating in IEEE CASS SASD activities can join this mailing list.
*For detailed information, please visit: https://ieee-cas.org/conference-events/standards-activities.
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WICAS & YP
Time: Nov. 13, 13:00-14:00 (Beijing Time)
Place: Madrid 8/马德里 8 厅
Zoom ID: 844 5014 6208 (Room 6)

WiCAS events aim to inspire and motivate both students and young professionals in the domain of circuits and
systems to have efficient roles in their professions. YP events aim to provide a thrilling environment for early
career researchers to present their work.
Joining this event, you will have the opportunity to learn about state of the art and most advanced activities,
meet and interact with your peers, receive feedback from internationally well-known experts in the area of
circuits and systems domain from both academia and industry.

Don’t miss the chance to attend!

WICAS & YP EVENT - 13TH November 2022 13:00-14:00
Theme: “Building up your career path: self-discovery and social interaction”




Welcome speech
Speakers from academia and industry
Panel discussion

Invited Panelists

Prof. Jiamin Li

Dr. Hongjie Liu
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Biographies:
Dr. Jiamin Li

Bio: Dr. Jiamin Li received the B. Eng. degree and Ph. D degree in Electrical Engineering from the National
University of Singapore (NUS), Singapore. Since August 2022, she has been with the School of
Microelectronics, Southern University of Science and Technology (SUSTech), Shenzhen, China, as an assistant
professor. Her main research interests include the circuits and system design for body area power and data
network, low-power biomedical system-on-chip, energy harvesting, transfer, and power management circuit
design, and ASIC design for cognition applications. She is a recipient/co-recipient of the 2020-2021 IEEE SSCS
Predoctoral Achievement Award, ISSCC 2020 Demonstration Session Certificate of Recognition, ISSCC 2020
Student Travel Grant Award, and ASSCC 2021 Student Design Contest (SDC) Best Design Award. She is serving
as a Technical Program Committee member for the ISSCC Student Research Preview (SRP), and a member of
IEEE Solid-State Circuits Society (SSCS) Women-in-Circuit (WiC) Committee.

Dr. Hongjie Liu

Bio: Hongjie Liu was born in 1987 in Shandong Province, and obtained her Ph.D degree in Electronic
Engineering and Information Technology from ETH Zürich, Switzerland. She is the founder and chief executive
officer of Reexen Technology Co., Ltd., and she is also the team lead of Shenzhen Peacock Talent team and
recently has been recognized as the Innovator Under 35 by MIT Review.
Dr. Liu has been engaging into scientific research and development for many years, with an emphasis on
low-power (uW level) analog and neuromorphic computing field. She has published a dozen of IEEE papers
and been granted with a number of authorized patents. Dr. Liu’s mission is to enhance people to sense and
interact with the world more efficiently and smartly in the age of intelligence, advance China’s progress in
science and technology, and strive for leading her company as a front-runner in the chip industry in China.
In summary, Dr. Liu’s achievements are as follows.
 Innovator Under 35 by MIT Review
 Shenzhen Peacock Talent
 European project leader, in IMOCO4.E and StorAIge.
 IEEE CAS sensor committee member.
 Best Paper Award at the International Conference on Artificial Neural Networks.
 First Prize, Chinese National Innovation and Entrepreneurial Competition.
 Travel grant for International symposium on circuit and system.
 KU Leuven International Scholarship.
 Excellent Student of Jilin University (2%)

 National Scholarship for excellence (1%).

WICAS & YP Co-CHAIRS @ APCCAS 2022
Yanan Sun, Shanghai Jiao Tong University, China (sunyanan@sjtu.edu.cn)
Uwate Yoko, Tokushima University, Japan (uwate@ee.tokushima-u.ac.jp)
For any questions about the WiCAS & YP Events, please contact the WiCAS&YP Chairs.
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Session 1
Power and Energy Circuits and Systems-I
Chair(s): Yuan Gao, Southern University of Science and Technology (Onsite)
Yang Jiang, University of Macau (Online)
Time: Nov. 12, 14:00-15:30 (Beijing Time)
Place: Madrid 3/马德里 3 厅
Zoom ID: 886 7862 9348 (Room 1)
Time

Paper ID

14:00-14:18

AP0067

14:18-14:36

AP0038

14:36-14:54

AP0068

14:54-15:12

AP0199

15:12-15:30

AP0177

Info.
Title: A 65-nm Clock-Domain-Crossing Controller for Digital LDO Regulator with
1.7-ns Response Time
Author(s): Xuliang Wang, Wing-Hung Ki and Philip K. T. Mok
Presenter: Xuliang Wang
Affiliation: The Hong Kong University of Science and Technology
Title: An Ultra-Low-Supply Output-Capacitorless LDO with Signal- and
Transient-Enhancement
Author(s): Yajun Lin, Haozheng Wan, Jianxin Yang and Ka Nang Leung
Presenter: Yajun Lin
Affiliation: The Chinese University of Hong Kong
Title: A 0.3-µA Quiescent Current Output Capacitor-Less LDO with Dynamic Slew Rate
Enhance Buffer
Author(s): Tianxian Wu, Yuting Zhang and Yanhan Zeng
Presenter: Tianxian Wu
Affiliation: Guangzhou University
Title: Adaptive Line-Transient Enhancement Techniques for Dual-Path Hybrid
Converter Achieving Ultra-Low Output Overshoot/Undershoot
Author(s): Huihua Li, Qiaobo Ma, Xuchu Mu, Yang Jiang, Man-Kay Law, Pui-In Mak
and Rui P. Martins
Presenter: Huihua Li
Affiliation: University of Macau
Title: A 60V Input Integrated 3-to-1 Dual Inductor Hybrid Dickson Converter
Author(s): Quyet Nguyen, Loan Pham-Nguyen, Huy-Dung Han and Hanh-Phuc Le
Presenter: Quyet Nguyen
Affiliation: Hanoi universirty of Sience and Technology

AP0067
Title: A 65-nm Clock-Domain-Crossing Controller for Digital LDO Regulator with 1.7-ns Response Time
Abstract: This work presents a fast-transient and synthesizable cross-clock-domain (CCD) controller for the design of fully
integrated digital low-dropout regulators (DLDOs). The proposed CCD controller consists of two sub-controllers and achieves
both the fast response and the fast settling against the consecutive loading or unloading activities of digital loads. Once a load
transient event is captured by the undershoot detector, it triggers the event-driven sub-controller (EDC) and the MSB
unary-weighted power gates (PGs) are successively activated until the output voltage is pulled up to the normal range. Then the
synchronous computational sub-controller (SCC) takes over the regulation task and continuously computes the optimal code for
PGs according to the digitized sample of the output voltage. Unlike conventional dual-loop or tri-loop designs, the two
sub-controllers share the same PGs for area saving. The proposed technique is implemented in a 65-nm CMOS process, it
achieves a 1.7-ns response time and a 180-ns settling time against the 6.75-mA load current step with a 100-ps edge time. The
0.254-ps FoM is the best one among prior-art fast-transient controller designs.
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AP0038
Title: An Ultra-Low-Supply Output-Capacitorless LDO with Signal- and Transient-Enhancement
Abstract: An ultra-low-supply output-capacitorless (OCL) low-dropout regulator is presented in this paper. The circuit is based on
flipped-voltage-follower-based (FVF-based) LDO with a signal-current enhancer (SCE) and a direct voltage-spike detection part.
To enable the LDO to function properly under an ultra-low supply voltage, an additional charge-pump circuit provides a higher
supply to the control part of LDO to enlarge the control swing of power transistor. The proposed LDO regulator is designed in
UMC 65-nm CMOS process. The threshold voltages of NMOSFET and PMOSFET are 0.374 V and -0.311 V, respectively. The
achieved minimum supply voltage is 0.6 V, with output voltage of 0.5 V. The load current ranges between 100 μA and 50 mA.
The figure-of-merit of proposed circuit is 0.43 ps.

AP0068
Title: A 0.3-µA Quiescent Current Output Capacitor-Less LDO with Dynamic Slew Rate Enhance Buffer
Abstract: This paper presents a low quiescent current, fast transient response output capacitor-less LDO implemented in a
180nm standard CMOS technology. A dynamic slew rate enhance buffer with transient spike detecting is proposed to improve
the load transient response. Besides, a low power class-AB amplifier with gain enhance transistors is used to keep high loop gain
for good regulated performance. According to the simulation result, the quiescent current of the LDO is only 283nA. Meanwhile,
when the load current steps from 1 mA to 15 mA with a 300-ns edge time and a 0-pF output capacitor, the transient ripple is
only 141.9 mV. Besides, the line regulation is only 0.305 mV/V and the load regulation is only 17.79 μV/mA.

AP0199
Title: Adaptive Line-Transient Enhancement Techniques for Dual-Path Hybrid Converter Achieving Ultra-Low Output
Overshoot/Undershoot
Abstract: This paper presents two adaptive line-transient enhancement techniques for a dual-path hybrid converter (DPHC) to
eliminate the input (VIN) variation-induced output (VOUT) ripples. Tackling the intrinsic hard-charging limitation in the DPHC, we
propose a topology operation reconfiguration and a power switch modulation technique to reduce the direct-coupled
hard-charging current from VIN to VOUT. The proposed controller features adaptive state detection and switching functions,
which ensure a low output ripple over a wide load-current range. Besides, the controller is assisted by a V2-mode pulse-width
modulation control with reconfigurable adaptive-amplitude ramp generation to achieve a fast load-transient response. A DPHC
with the proposed control techniques implemented in a 180nm CMOS process can regulate a 1V output from a 4-to-6V input. It
realizes a VOUT overshoot and undershoot as low as 1% of the DC level under a 1-V VIN step change. The corresponding VOUT
transient ripple reduction can be over 96% and 88% in the light and full load conditions, respectively, when compared with the
existing DPHC operation mode. The conversion efficiency is up to 92.5% under 1-A load current (Iload) and 85.8% under a
maximum Iload target of 5A.

AP0177
Title: A 60V Input Integrated 3-to-1 Dual Inductor Hybrid Dickson Converter
Abstract: His paper presents a design of dual inductor hybrid converter (DIHC) based on a 3-to-1 hybrid Dickson converter with
fully on-chip control system and power switches for high- input-voltage and high-conversion-rate applications. With 180- nm
CMOS technology, the converter reaches ∼93% peak effi- ciency at 6W output power and an output range from 3.3V to 9V for
an input range from 48V to 60V.

30

Session 2
Communication Circuits and Systems-I
Chair(s): Xiaolong Liu, Southern University of Science and Technology (Onsite)
Xiangyu Meng, Sun Yat-Sen University(Online)
Time: Nov. 12, 14:00-15:30 (Beijing Time)
Place: Madrid 5/马德里 5 厅
Zoom ID: 828 9090 7006 (Room 2)
Time

Paper ID

14:00-14:18

AP0011

14:18-14:36

AP0052

14:36-14:54

AP0128

14:54-15:12

AP0197

15:12-15:30

AP0211

Info.
Title: A 22 mW CMOS Receiver Frontend Using Active-Feedback Baseband and
Passive-Voltage Mixers Embedded in Current Mirrors
Author(s): Benqing Guo, Xingyue Liao and Yao Wang
Presenter: Xingyue Liao
Affiliation: Chengdu University of Information Technology
Title: A Low-latency Multi-format Carrier Phase Recovery Hardware for Coherent
Optical Communication
Author(s): Changlong Lv, Liyu Lin, Honghui Deng, Junhui Wang and Yun Chen
Presenter: Yun Chen
Affiliation: Fudan University
Title: A 26-38GHz Ultra-Wideband Balanced Frequency Doubler in 0.15μm GaAs
pHEMT Process
Author(s): Wenyang Liu, Tianxiang Wu, Tianyang Yan, Fan Yang, Yong Chen and
Shunli Ma
Presenter: Shunli Ma
Affiliation: Fudan University
Title: Low-Complexity Parallel Syndrome Computation for BCH Decoders Based on
Cyclotomic FFT
Author(s): Xinyuan Qiao, Keyue Deng, Yuxing Chen, Suwen Song and Zhongfeng
Wang
Presenter: Zhongfeng Wang
Affiliation: School of Electronic Science and Engineering, Nanjing University
Title: A 50-Gb/s NRZ Receiver Targeting Low-Latency Multi-Chip Module Optical I/O
in 45-nm SOI CMOS
Author(s): Yihong Li, Sikai Chen, Yunqi Yang, Qianli Ma, Ming Zhong, Ziyi Lin, Leliang
Li, Guike Li, Zhao Zhang, Liyuan Liu, Jian Liu, Nanjian Wu, Yong Chen, Qi Peng and Nan
Qi
Presenter: Yihong Li
Affiliation: School of Microelectronics, Xidian University, Xi’an, China

AP0011
Title: A 22 mW CMOS Receiver Frontend Using Active-Feedback Baseband and Passive-Voltage Mixers Embedded in Current
Mirrors
Abstract: A baseband-active-feedback receiver frontend with passive voltage-commutating mixers is proposed. The active
feedback baseband enables in-band signal amplification and out-of-band blocker interference suppression by constructing the
RF bandpass filter and BB lowpass filter, simultaneously. The voltage-commutating mixers embedded in current mirrors
significantly reduce the power requirement for the LO generator. A stacked nMOS/pMOS structure is adopted to further
improve power efficiency. The receiver frontend is designed in 65 nm CMOS. Simulation results display an NF of 3.4 dB, and a
maximum gain of 32 dB from the 1 ~ 5 GHz LO frequency range. The in-band and out-of-band IIP3 are -12 dBm and 9 dBm
respectively. The receiver frontend core only consumes 22 mW at 1 GHz LO frequency.
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AP0052
Title: A Low-latency Multi-format Carrier Phase Recovery Hardware for Coherent Optical Communication
Abstract: Fast and accurate estimation of carriers is particularly vital in modern coherent optical communication. Achieving a
real-time system with low latency and high throughput is challenging. The implementation structure of the real-time system is
important due to the increasing complexity in algorithm and data decimals. In this paper, we propose an CPR implementation
based on blind phase search (BPS) with data multiplexing. All the computation are performed in cartesian coordinates without
using coordinate conversion and ordinary multiplier or DSP. When evaluating this circuit structure on the Xilinx ZCU102
platform, the clock frequency can reach 620MHz, and the latency of processing 79.3Gbps 16QAM signal is as low as 18 clock
cycles.

AP0128
Title: A 26-38GHz Ultra-Wideband Balanced Frequency Doubler in 0.15μm GaAs pHEMT Process
Abstract: This paper reports the analysis and design of a 26-38GHz balanced frequency doubler. The balanced frequency doubler
eliminates odd harmonics by using the characteristics of the circuit. We employ a cascade of two-stage amplifiers to increase
output power, and a transformer-based magnetic-coupled resonator (MCR) matching technique to widen the bandwidth.
Besides, the transformer can realize the single-ended to differential conversion without penalizing additional power
consumption. The frequency doubler is designed in a 0.15 μm GaAs pHEMT process. Post-layout simulation results show that the
output power is greater than 10dBm over 26-38GHz, and the fundamental-to-harmonic suppression is greater than 15 dBc. The
DC power consumption is 23 mA at a 5-V supply. The chip area is 0.75×1.55 mm².

AP0197
Title: Low-Complexity Parallel Syndrome Computation for BCH Decoders Based on Cyclotomic FFT
Abstract: The long binary Bose–Chaudhuri–Hochquenghem (BCH) codes are widely used in communication and storage systems,
and massive-parallel BCH decoders are expected to satisfy the requirement of high throughput. However, a large parallel degree
leads to a significant increase in the hardware complexity of the syndrome computation (SC) module. Considering the similarities
between SC and discrete Fourier transform (DFT), this paper proposes an advanced cyclotomic fast Fourier transform (CFFT)
algorithm-aided SC architecture, which fully utilizes the property of characteristic-2 fields of binary BCH codes to reduce
hardware complexity. The implementation results show that the proposed CFFT-aided architecture is desirable for long binary
BCH codes with the error-correction capability less than 20. For (16383, 16271, 8) BCH code over GF(2^14), the hardware
overhead of a 128-parallel SC module is reduced by 16% compared to the state-of-the-art architecture.

AP0211
Title: A 50-Gb/s NRZ Receiver Targeting Low-Latency Multi-Chip Module Optical I/O in 45-nm SOI CMOS
Abstract: This paper presents a 50-Gb/s optical receiver chiplet in 45-nm silicon-on-insulator (SOI) CMOS. It comprises a
trans-impedance amplifier (TIA) cascaded by a clock and data recovery circuits (CDR). Inverter-based topology with
hybridpeaking inductors is designed to improve the TIA bandwidth. phase-interpolator-based digital CDR with baud-rate
sampling phase detector is developed for multi-channel integration and low power consumption. Measurements show that the
TIA achieves 53-dBΩ gain and 27-GHz bandwidth. The receiver prototype outputs a 3.125-GHz recovered clock with -125.84dBc/Hz@10MHz phase noise and 6.25-Gb/s deserialized data with 3.5-ps RMS jitter.
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AP0147
Title: Logic Locking for hardware security using Voltage-Gated Spin-orbit Torque Magnetic Tunnel Junction
Abstract: With the rapid interest in exploiting the advantages of beyond CMOS devices in various applications, we explore, in
this work, voltage-gated spin-orbit torque-assisted magnetic tunnel junction (VGSOT-MTJ) based on the Verilog-A behavioral
model to design a possible logic locking system for hardware security. The VGSOT MTJ can switch without needing a magnetic
field, and the antiferromagnetic (AFM) strip provides SOT and an exchange bias, thus paving the way for more practical
applications. Compared to spin transfer torque (STT) MTJs, these AFM-based SOT-MTJs do not require passing high write current
through the thin layer of the MTJ stack, thus increasing their endurance significantly. Compared with Heavy metal (HM) based
SOT-MTJ, the VGSOT-MTJ utilizes the voltage-controlled magnetic anisotropy (VCMA) effect to significantly reduce the JSOT,
critical. We perform a Monte-Carlo analysis to account for the effect of Process Variation on critical MTJ parameters for
designing the logic locking block. Eye Diagram test, transient performance, and the effect of thermal noise are analyzed for
High-Speed Integrated Circuits systems, and the results are compared with HM-based SOT-assisted MTJ as both are
three-terminal (3T) MTJ structures.
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AP0122
Title: Quantum Efficiency Enhancement in Si Avalanche Photodiodes in the NIR Regime via Surface Texturing Towards
Autonomous Driving Applications
Abstract: Light detection and ranging (LiDAR) has been implemented in autonomous driving vehicles but the current technology
suffers from low photon detection efficiency. This paper reports a Silvaco TCAD simulation study on Si PIN avalanche
photodiodes with micro surface structures and anti-reflective coating at 905 nm and 940 nm near infrared regime. Via varying
the micro surface structure, anti-reflective coating thickness and intrinsic layer depth, optimized quantum efficiencies of 77.8%
and 62.9% are obtained for the 905 nm and 940 nm wavelengths respectively. These results are >22% and >26% larger than for
their flat counterparts. We also investigate the influence of light source angles on the quantum efficiency of different surface
structures and demonstrate that efficiency is only weakly degraded by non-optimal incidence angles. This means that device
performance should be robust even in poor weather conditions with significant light diffusion.

AP0144
Title: Bitwise Logical Operations in VCMA-MRAM
Abstract: Today’s technology demands compact, portable, fast, and energy-efficient devices. One approach to making
energy-efficient devices is an in-memory computation that addresses the memory bottleneck issues of the present computing
system by utilizing a spintronic device viz. magnetic tunnel junction (MTJ). Further, area and energy can be reduced through
approximate computation. We present a circuit design based on the logic-in-memory computing paradigm on voltage-controlled
magnetic anisotropy magnetoresistive random access memory (VCMA-MRAM). During the computation, multiple bit cells within
the memory array are selected that are in parallel by activating multiple word lines. The designed circuit performs all logic
operations-NOT, AND-NAND, OR-NOR, and arithmetic operation SUM (1-bit approximate adder with 75% accuracy for SUM and
accurate carry out) by slight modification using control signals. All the simulations have been performed at a 45 nm CMOS
technology node with VCMA-MTJ compact model by using the HSPICE simulator. Simulations show that the 1-bit approximate
adder saves 52% energy, reduces hardware count by 72%, and delays by 44.3% compared to its counterpart 1-bit exact adder.

AP0166
Title: Simulation of Gap Structure Optical Waveguide with Phase Change Materials
Abstract: Optical phase change material (O-PCM) have attracted extensive attention due to its large change in optical properties
between phase transitions. Its application in rewritable non-volatile photonic devices is extremely interesting except the
drawback of moderate loss induced by the O-PCM. In this work, a “gap” structure waveguide device with an O-PCM layer is
proposed to simulate the optical propagation in both amorphous and crystalline state. The effective refractive indices (neff),
losses (α) and figure-of-merits (FOMs) are obtained by simulations for Ge2Sb2Te5 (GST), GeS, Sb2S3, Sb2Se3 and Ge2Sb2Se4Te
(GSST). The results indicate the “gap” structure have effectively mitigated the propagation loss induced by the O-PCM. By
comparing the results for different materials, we find that GeS and Sb2S3 are the most effective modulation candidates in the
propagation of TM-polarized and TE-polarized light, respectively.

AP0146
Title: Modeling of sneaky Hardware Trojan using Spin-orbit Torque assisted Magnetic Tunnel Junction for high speed digital
circuits
Abstract: This work explores spin-orbit torque (SOT) assisted magnetic tunnel junction (MTJ) as a potential candidate for
designing sneaky hardware Trojan (HT). The type of payload targeted is IC malfunction using an externally triggered activation
mechanism with an external magnetic field. To make it sneakier, we designed the Trojan to have sufficient tolerance to stray
magnetic fields and thermal stability to ensure better-hidden operation for temperature-based tests during System on Chip
(SoC) flow. For creating a smaller Trojan, the energy barrier height’s effect must be considered. Therefore, an appropriate
optimization for SOT-assisted MTJ is required. This work thus considers the effect of Process Variation in key MTJ parameters by
using Monte-Carlo simulations, and the effect of temperature sweep is utilized to determine the operational ability of the
Trojan. We also conclude the Trojan optimization design by analyzing its behavior for high-speed IC operation by performing Eye
Diagram tests and transient analysis measurements for more practical applications. This work shows that a 5% reduction in MTJ
key dimensions for Trojan operation has around 58.87% reduction in the critical magnetic field required for triggering with
sufficient tolerance to Process Variation. Thus, this work contributes towards the optimization of hardware Trojan for more
sneaky operations.
34

Session 4
Power and Energy Circuits and Systems-II
Chair(s): Chenchang Zhan, Southern University of Science and Technology (Onsite)
Xun Liu, The Chinese University of Hong Kong, Shenzhen (Onsite)
Time: Nov. 12, 16:00-17:30 (Beijing Time)
Place: Madrid 3/马德里 3 厅
Zoom ID: 886 7862 9348 (Room 1)
Time

Paper ID

16:00-16:18

AP0182

16:18-16:36

AP0112

16:36-16:54

AP0172

16:54-17:12

AP0099

17:12-17:30

AP0055

Info.
Title: Store, Supply, Extract and Recycle: a Boost/Buck Reconfigurable Converter for
Thermal Energy Harvesting
Author(s): Mengli Zou, Xinzi Xu , Qiao Cai, Yanxing Suo, Tianwei Wan, Jian Zhao and
Yang Zhao
Presenter: Yang Zhao
Affiliation: Shanghai Jiaotong University
Title: A Novel Constant-pulse Scheme for Synchronous Half-bridge Converter Module
Author(s): Oliver Lexter July A. Jose, Venkata Naveen Kolakaluri and Chua-Chin Wang
Presenter: Venkata Naveen Kolakaluri
Affiliation: National Sun Yat-Sen University
Title: A Centralized Multi-String PV System Control with Multi-Dimensional MPPT
Control
Author(s): Imran Pervez, Charalampos Antoniadis, Hakim Ghazzai and Yehia Massoud
Presenter: Charalampos Antoniadis
Affiliation: King Abdullah University of Science and Technology
Title: A 3-D Maximum Power Point Tracking Technique for Energy Harvesting System
Based on Hill-Climbing Algorithm
Author(s): Yue Shi, Zhou Gong, Jiawen Wang, Zekun Zhou and Bo Zhang
Presenter: Zekun Zhou
Affiliation: University of Electronic Science and Technology of China
Title: High Precision Hysteresis Controlled MPPT Circuit for Vibration Energy
Harvesting
Author(s): Chunbiao Pan, Yidie Ye and Huakang Xia
Presenter: Chunbiao Pan
Affiliation: Ningbo University

AP0182
Title: Store, Supply, Extract and Recycle: a Boost/Buck Reconfigurable Converter for Thermal Energy Harvesting
Abstract: The extracted energy of the thermal energy harvester circuits are affected by the input and output power status. A
boost and buck reconfigurable harvester circuits with store, supply, extract and recycle modes are proposed in this paper to
harvest the power from TEG at any possible chances. In addition, maximum power point tracking and zero current switching are
also customized for the reconfigurability. Moreover, Colpitts oscillator and Dickson charge pump based startup circuit are
adopted for millivolts startup. Simulation shows that the proposed design shows end-to-end conversion efficiency of 86% in
conventional boost configuration as well as 75.3% in buck configuration with minimum startup voltage of 7mV. In extract mode,
up to 27% total power can be harvested from TEG even configured as buck converter.
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AP0112
Title: A Novel Constant-pulse Scheme for Synchronous Half-bridge Converter Module
Abstract: Half-bridge topology converters are favored over full-bridge topologies due to their lower cost, circuit simplicity, and
benefits for high-power applications. This study demonstrates a new pulse width modulation (PWM) control strategy for a
halfbridge converter implemented with two TL494 IC. It is featured a maximum turn-on time for high-side MOSFETs in a
halfbridge converter to reduce overall power loss. The proposed PWM generator is proven to work at a switching frequency
of35 kHz with a load of 0.4 mH using Infineon SiC MOSFETs at 10%, 25%, and 40% duty cycles. The high-side power loss is
reduced by up to 45% by the proposed PWM scheme.

AP0172
Title: A Centralized Multi-String PV System Control with Multi-Dimensional MPPT Control
Abstract: This paper proposes an improved Maximum Power Point Tracking (MPPT) control for the inverter's photovoltaic (PV)
string connection. This is achieved by replacing MPPT control microcontrollers across each PV string with a single central
microcontroller controlling all PV strings' Maximum Power Point (MPP). The proposed system, in addition to making the PV
string system more power efficient, also reduces the overall system cost. However, replacing multiple controllers across each
string with a single central controller makes the MPPT problem multi-dimensional, increasing the complexity. To solve this, we
first used the Jaya algorithm for solving the multi-dimensional MPPT problem. Then, the proposed Multi-Dimensional MPPT
(MDMPPT) Jaya is compared to another metaheuristic, the Particle Swarm Optimization (PSO), and a conventional algorithm, the
Perturb and Observe (P&O). The results prove the superiority of the proposed Jaya algorithm over PSO and P&O.

AP0099
Title: A 3-D Maximum Power Point Tracking Technique for Energy Harvesting System Based on Hill-Climbing Algorithm
Abstract: In this paper, a 3-D maximum power point tracking (3-D MPPT) method based on the hill-climbing algorithm for solar
energy harvesting system (SEHS) with wide illumination range is proposed. Charge pump conversion ratio, capacitance and
working frequency are adaptively adjusted in the proposed 3-D MPPT. By this method, the maximum power point tracking range
and precision are greatly improved, which makes the system can be performed in the range of micro light to normal light. An
optimized MPPT algorithm is presented to smoothly determine the appropriate 3-D parameters according to the state of solar
cells without malfunctions, which can realize internal resistance matching for maximum power extraction from energy source.
The system is implemented in a 0.18μm BCD process. The verification results show that the proposed solar energy harvesting
system with proposed MPPT can achieve maximum power point tracking in different illumination ranges and output a stable
3.3V working voltage with constant turn-on time (COT) mode. In micro-light conditions, the total system power consumption is
only about 10μA. The accuracy of the proposed MPPT is up to 99.3%.

AP0055
Title: High Precision Hysteresis Controlled MPPT Circuit for Vibration Energy Harvesting
Abstract: A high precision hysteresis controlled maximum power point tracking (HPHC-MPPT) circuit for vibration energy
harvesting is proposed in this paper. It is realized with the fractional open-circuit voltage (FOCV) MPPT method, and a hysteresis
comparator based controller is used to make a precise hysteresis voltage window, which is including 1/2 open circuit voltage of
the piezoelectric transducer (PZT) voltage after rectifier. An adaptive sampling rate controller is added to reduce the sampling
power consumption. Energy management unit is used to transfer energy from rectifier output capacitor to energy storage
capacitor with high efficiency. The proposed circuit is designed and simulated with SMIC 0.18μm process. The results show that
the MPPT efficiency is high to 99.45%, and the maximum conversion efficiency can reach 94.2% with a wide variations of the
input vibration energy and the system load.
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AP0095
Title: A 160-Gb/s 0.37-pJ/bit PAM4 Optical Receiver in 28-nm CMOS
Abstract: This paper presents a 160-Gb/s PAM4 optical receiver implemented in 28-nm CMOS process. The receiver consists of
an equalized inverter-based transimpedance amplifier (TIA), a proposed 2-stage cascode-based single-todifferential converter
(S2D), and a 2-stage variable gain amplifier (VGA). Inductive peaking techniques are adopted in equalized TIA and S2D for
broadening bandwidth. Consuming 58.79-mW power, the proposed receiver achieves a differential conversion gain of 70.1 dBΩ
with 0.2-dB and 3.2° imbalances in amplitude and phase, respectively.
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AP0189
Title: A 4-Vppd 160-Gb/s PAM-4 Optical Modulator Driver with All-Pass Filter-Based Dynamic Bias and 2-Tap FFE in 130-nm
BiCMOS
Abstract: This paper presents a high-speed, large-output swing driver with 2-tap feedforward equalizer (FFE) for optical
modulators in 130-nm SiGe BiCMOS process. A breakdown voltage (BV) doubler topology with all-pass filter (APF)-based
dynamic bias is applied in the driver to improve the output swing and the bandwidth. A 2-tap fractional-spaced FFE is
implemented to compensate for the insufficient bandwidth of optical modulators. Simulation results indicate that the driver
achieves an output swing of 4 Vppd and a 3-dB bandwidth of 62.4 GHz with a power consumption of 1.15 W. The performance
of the driver is further evaluated in an electrical/optical (E/O) system where a Verilog-A model for Mach-Zehnder Modulator
(MZM) with a 3-dB bandwidth of 35 GHz is used. Taking advantages of the 2-tap FFE, the E/O system achieves a 3-dB bandwidth
of 50.4 GHz and can support 160-Gb/s PAM-4 optical communications.

AP0194
Title: An Approximate-Computing-Based Adaptive Equalizer for Polarization Mode Dispersion
Abstract: Computational complexity is the most significant defect of coherent optical communication, which consumes a large
area and leads to high power consumption, especially for the adaptive filter used for polarization mode dispersion (PMD). In this
paper, we implement an 9-tap intro-polarization and 1-tap inter-polarization equalizer, which reduces 34.4% multiplication of
than conventional structure. Besides, we proposed an approximate multiplier to reduce the full adder by 44.6% further. Under
the QPSK modulation, the proposed equalizer has a throughput of 114Gb/s and a power of 463mW at 1.786GHz. Synthesis
shows that the area of the proposed 16-way parallel adaptive equalizer is 0.365mm^2 with a 28 nm process, which has an
improvement of 27.86% in area, and 37.88% in power efficiency to the fix-point structure.

AP0206
Title: A Reconfigurable Active-RC Filter with Variable Gain and An RC-Reused Tuning Circuit
Abstract: A 3rd-order reconfigurable fully differential active-RC low pass filter(LPF) is presented in this paper. It provides
Butterworth response with tunable 3dB-bandwidth from 200KHz to 40MHz and variable gain from 0dB to 30dB in 1dB steps. The
Tuning circuit presented in this paper is more area-saving by using the R-C array of the filter instead of additional R-C array. The
filter is designed in SMIC 55nm CMOS technology and dissipates 6.5mW for a supply voltage of 1.3V. Post-simulation shows that
the 3rd-order harmonic intercept point (IIP3) is larger than 24.4dBm while the gain and bandwidth of the filter are set to 0dB
and 14MHz respectively.
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AP0074
Title: Emotion Recognition of Physical Activities for Health Monitoring using Machine Learning
Abstract: Emotion recognition based on physiological data has attracted increasing attention in physiological monitoring,
affective computing, and other fields. This paper proposes a method to classify human’s emotion for health monitoring in
physical activities by using machine learning. Participants completed the experiment including walking, running, and other
physical activities. The data of photoplethysmography (PPG) and electrodermal activity (EDA) were recorded by wearable
sensors on participants. After the data processing and feature extraction, two classifiers, support vector machine (SVM) and
random forest (RF) were applied independently on the dataset to classify human’s emotion, including calm, excited, relaxed,
bored, and afraid. As a result, the SVM classifier achieved an accuracy of 81.87% and the accuracy of RF classifier is 86.61%.
These results demonstrated the effectiveness of the proposed method on emotion recognition in human’s physical activities.
39

AP0020
Title: Low-Complexity Dynamic Single-Minimum Min-Sum Algorithm and Hardware Implementation for LDPC Codes
Abstract: As a type of low-complexity decoding algorithm for low-density parity-check (LDPC) codes, the single-minimum
min-sum (smMS) algorithm avoids finding the second minimum, while estimates it by adding a fixed value to the minimum
instead. However, the inaccurate estimation of the sub-minimum results in obvious performance degradation. In this work, we
propose an improved smMS algorithm, which adds a dynamic value to the minimum based on a special variable that can be
easily computed and largely represents the convergence degree of iterative decoding. This new algorithm is thus called dynamic
smMS (dsmMS) algorithm. In comparison to the standard normalized min-sum (NMS) algorithm, the performance gap for LDPC
code (672,588) is narrowed from 0.55 dB of the smMS to 0.12 dB of the dsmMS. We also present a partially parallel decoding
architecture for the dsmMS algorithm, and implement it under 55nm CMOS technology with an area of 0.21 mm^2.
Furthermore, compared with the traditional NMS decoder, the proposed design can reduce the area of the total decoder by
22%.

AP0048
Title: A High-speed Event-based Object Tracking with Heterogeneous Computing Hardware
Abstract: Object tracking is the core of tasks such as environment perception and vision navigation. Event cameras are
neuromorphic vision sensor that encode relative changes in light intensity rather than absolute intensity. The sensitive nature of
event cameras to dynamics is well suited for object tracking. Meanwhile, high-speed hardware implementation of event-based
algorithms has always been a major problem in the field of event-based vision, because traditional data processing hardware is
not suitable for event stream processing. Unfortunately, neuromorphic computing hardware suitable for processing events is
still at the dawn, due to the mechanisms for training neuromorphic models that are not yet clear. We aim to implement this
algorithm in hardware to further demonstrate the possibilities of event-based vision in practical applications. However, the
existing solutions are mainly based on homogeneous hardware, which does not take full advantage of the sparse and
asynchronous nature of events. In order to solve these problems, a heterogeneous computing architecture and hardware
designs are proposed for high-speed implementation of event-based object tracking. The experimental result shows that the
computing speed in our proposed heterogeneous computing hardware implementation is 1.67 times faster than that on
homogeneous computing hardware.

AP0174
Title: 3D Autonomous Navigation of UAVs: An Energy-Efficient and Collision-Free Deep Reinforcement Learning Approach
Abstract: Energy consumption optimization is crucial for the navigation of Unmanned Aerial Vehicles (UAV), as they operate
solely on battery power and have limited access to charging stations. In this paper, a novel deep reinforcement learning-based
architecture has been proposed for planning energy-efficient and collision-free paths for a quadrotor UAV. The proposed
method uses a unique combination of remaining flight distance and local knowledge of energy expenditure to compute an
optimized route. An information graph is used to map the environment in three dimensions and obstacles inside a
pre-determined neighbourhood of the UAV are removed to obtain a local as well as collision-free reachable space.
Attention-based neural network forms the key element of the proposed reinforcement learning mechanism, that trains the UAV
to autonomously generate the optimized route using partial knowledge of the environment, following the trajectories from
which, the UAV is driven by the trajectory tracking controller.
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AP0208
Title: Thermometer Code of Log Mel-Frequency Spectral Coefficient for BNN-based Keyword Spotting System
Abstract: For keyword spotting (KWS) systems that usually work in mobile devices, a low-complexity design is essential for long
stand-by time. Audio feature extraction and classifier modeling are the two main components of KWS systems. Log
Mel-Frequency Spectral Coefficient (MFSC) is common for audio feature extraction due to its low complexity and good
performance. Binary neural network (BNN) classifier, which owns binary weights and activations and performs convolution with
XNOR, is applicable to low-complexity KWS applications. However, audio features are usually quantized with multiple-bit binary
code to maintain high classification accuracy, which requires addition (ADD) operations in the first convolutional layer of the
BNN model. Therefore, both XNOR and ADD units must exist simultaneously in the BNN accelerator. To further reduce the
complexity of KWS systems, we propose a new feature extraction method: Thermometer Codes of MFSC (MFSC-TC). Without
LOG and DELTA operations, it is simpler than other MFSC-based methods. More importantly, convolution of all layers can be
done by XNOR units due to the feature of thermometer code. The experiments with the Google Speech Commands dataset
validate that the MFSC-TC-based BNN models outperform the models with more layers using other feature extraction methods.

AP0181
Title: Optimal Evasive Path Planning with Velocity Constraint
Abstract: Pursuit evasion is an important aspect of mobile robotics involved with surveillance, spying and information collection.
This paper presents an optimal approach to evasion planning, considering practical limitations of the environment and the
system. Results show that the proposed method can be implemented irrespective of the number of pursuing agents and the
relative velocities of the pursuers and the evader, which traditionally require strategies configured to suit situation-dependent
cases. The proposed policy is generic and can be realized in real-time with model predictive controllers, with an aim to avoid
capture or at the least maximize the interception time.
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AP004
Title: Time skew Calibration for Time-Interleaved Analog-to-Digital Converters
Abstract: This paper presents an all-digital extraction method for time skew in the time interleaved analog-to-digital converters.
Firstly, the fractional delay filter is used to construct the reference of extraction time skew. Secondly, a time-varying step and
sign-sign gradient descent least mean squares algorithm is applied to extract time skew. Thirdly, an appropriate window function
is designed to make the bandwidth of fractional delay filter larger. Finally, variable sample size in LMS algorithm reduces the
power consumption of estimation. The advantage of the proposed technique is that it doesn’t require additional hardware
reference and has low power consumption, fast convergence rate, strong portability.
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AP0029
Title: An eigen-decomposition free method for computing graph Fourier transform centrality
Abstract: In this paper, an eigen-decomposition free method is presented to compute the graph Fourier transform centrality
(GFTC) of complex network. For conventional computation method of GFTC, it needs to compute eigen-decomposition of graph
Laplacian matrix for obtaining the transform basis of graph Fourier transform (GFT), which may not be computable for larger
networks. To tackle this problem, the graph filtering method is applied to transform the spectral-domain GFTC computation task
to vertex-domain one such that GFTC can be computed by using graph filter which is easily designed by the least squares (LS)
method. Finally, the centrality computations of the Taipei metro network and karate-club social network are used to show the
effectiveness of the proposed GFTC computation method.

AP0108
Title: FPGA Implementation of Matrix Decomposition based FIR Filter
Abstract: Matrix decomposition (MD) based finite impulse response filter (FIR) can synthesize any FIR filter with much fewer
coefficients, without affecting the group delay and only scarcely affecting the frequency domain design error. Several
researchers have advanced the theoretical analysis of a MD-FIR filter since it is first proposed. As the previous research is all
about the theoretical analysis, this study presents the FPGA implementation of MD-FIR filters for the first time. First, a
continuous coefficient MD-FIR filter is designed by using the well-developed method. Then, this MD-FIR filter is implemented in
Matlab Simulink. Afterwards, the Verilog code for implementing a MD-FIR filter is automatically generated based on the Matlab
Simulink implementation. Finally, based on the Verilog code, the MD-FIR filter is simulated and implemented in Field
Programmable Gate Arrays (FPGA). The results verify the effectiveness of a MD-FIR filter.

AP0034
Title: Design of matrix filter using discrete cosine transform and path graph
Abstract: In this paper, the design of matrix filter using discrete cosine transform (DCT) and path graph is presented. First, the
DCT is used to design matrix filter without considering the prior information of transform basis of DCT. Then, the graph spectral
theory is employed to show that the DCT is the graph Fourier transform (GFT) of path graph such that graph filter method can be
used to design and implement the matrix filter. Next, the weighted least squares (WLS) method is applied to design the graph
filters which can be used to implement the matrix filter with low computational complexity because graph shift matrix is very
sparse. Finally, the design examples of matrix Butterworth filter and matrix Riesz fractional order differentiator (FOD) are
illustrated to demonstrate the effectiveness of the proposed matrix filter design method.

AP0028
Title: A 32dBm OOB-IIP3 BW-Extended 5G-NR Receiver with 4th-Order Gain-Boosted N-path LNA
Abstract: This paper reports a self-interference-resilient receiver (RX) for 5G-NR-FDD covering 0.5 to 2GHz. It incorporates a
4th-order gain-boosted N-path low-noise amplifier (LNA) and a 2nd-order baseband (BB) TIA to widen the -3dB RF-BW and also
enhance the out-of-band (OOB) roll-off slope. Furthermore, a positive-feedback loop is created for the input-impedance
matching purpose thanks to the impedance-translation property of the N-path network. Implemented in 65nm CMOS process,
the simulation results show that with >54MHz RF-BW the RX achieves >24dB OOB rejection at 80MHz offset. When the offset
frequency (Δf) is twice the -3dB RF-BW, the RX achieves 32dBm OOB-IIP3, while consuming a reasonable power of 27 to 67mW.
The noise figure (NF) ranges from 3.2 to 5.5dB and active area is 0.38mm2.
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AP0030
Title: A 300-GHz Wideband Injection Locked Frequency Quadrupler in 250-nm InP DHBT Technology
Abstract: A sub-THz band frequency quadrupler with a frequency range of 250 to 350 GHz is presented in this paper using
250-nm InP DHBT technology. The circuit employs a D-band frequency doubler with an H-band injection-locked push-push
oscillator to produce ×4 frequency. A collector-to-base feedback technique is introduced to boost the harmonic output power of
the injection-locked push-push Colpitts oscillator. The proposed quadrupler showed 4th harmonic peak output power of -3.3
dBm and 1.75 % DC-RF efficiency at 328-GHz.
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AP0110
Title: Compact Power Front-end Management for Wireless Supply of Multi-voltages to Neuromodulators
Abstract: Herein, we present a CMOS power management module (PMM) implemented to deliver three DC supply voltages for
powering various building blocks of an implantable medical device. This PMM includes an active rectifier, bandgap reference
(BGR) circuit, and three independent low-dropout (LDO) voltage regulators. The input voltage of this PMM is a sinusoidal wave
form that reaches a maximum of 2.6 V; this is derived from a power source placed outside the body through a wireless power
transfer link, which is connected to the rectifier. The three delivered DC output voltages are 1.24 V, 1.86 V, and 3.08 V.
Post-layout output simulation results indicate values of 1.24 V, 1.82 V, and 3.09 V, thus meeting the expected circuit simulation
results. Compared with the replica-biased loop, which has a small output voltage range with a main output to generate the other
three outputs, this integrated PMM utilizing three independent LDOs has a greater output voltage range. The design also meets
the small-size and low-power consumption requirements and can, therefore, be used to prevent obstructive sleep apnea.
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AP0120
Title: A 97 fJ/Conversion Neuron-ADC with Reconfigurable Sampling and Static Power Reduction
Abstract: A bio-inspired Neuron-ADC with reconfigurable sampling and static power reduction for biomedical applications is
proposed in this work. The Neuron-ADC leverages level-crossing sampling and a bio-inspired refractory circuit to compressively
converts bio-signal to digital spikes and information-of-interest. The proposed design can not only avoid dissipating ADC energy
on unnecessary data but also achieve reconfigurable sampling, making it appropriate for either low power operation or high
accuracy conversion when dealing with various kinds of bio-signals. Moreover, the proposed dynamic comparator can reduce
static power up to 41.1% when tested with a 10 kHz sinusoidal input. Simulation results of 40 nm CMOS process show that the
Neuron-ADC achieves a maximum ENOB of 6.9 bits with a corresponding FoM of 97 fJ/conversion under 0.6 V supply voltage.

AP0164
Title: A 6.78 MHz High-Efficiency Wireless Power Transfer Transmitter with Adaptive Dead-Time Control and Transistor-Width
Switching for Implantable Medical Devices
Abstract: A 6.78 MHz wireless power transfer (WPT) transmitter with two calibration schemes, adaptive dead-time control and
transistor-width switching, is proposed for power supply of implantable medical devices (IMDs). The adaptive dead-time control
scheme with on-time delay compensation for power transistors ensures zero voltage switching (ZVS) operation for the Class-D
power amplifier (PA). The transistor-width switching scheme for power stage optimizations improves the system efficiency over
an extended loading range. To verify the effectiveness of the two calibration schemes, the transmitter is implemented in a 0.18
μm CMOS process. The simulation results show 15.9% and 3.6% improvement in the system efficiency at light and heavy load
respectively. Under the output power range of 0.2~2 W, the system efficiency maintains above 92%, and the peak efficiency of
93.2% is achieved when the output power is 0.7 W.

AP0041
Title: Reduction of Motion Artifact in PPG signal with CDS-LMS Filter
Abstract: This paper presents correlated double sampling least mean squares (CDS-LMS) filter to reduce the motion artifacts of
the PPG signal. By using red and green PPG signals as the inputs of the LMS filter, the motion artifacts with the same frequency
component as PPG signals can be removed without losing information in PPG. Also, CDS is employed before the LMS filter to
remove the effect of ambient light offset. With the proposed CDS-LMS filter, the RMS error in heart-beat interval is reduced by
86.49%, 87.54%, and 89.09% compared to a conventional bandpass filter when the PPG signal is measured during squatting,
walking, and running. The mean absolute error in heart rate is 2.59 beats per minute while running.

AP0155
Title: A Low Noise TIA with Continuous Time-Gain Compensation for Ultrasound Transducers
Abstract: This paper presents a low noise power-efficient TIA for capacitive-micromachined-ultrasonic transducers (CMUT) to
ensure the high-quality ocular ultrasound images. Implemented in CMOS technology, the TIA adopts a source input structure to
achieve broadband impedance matching. The use of noise cancellation and capacitive feedback optimizes the noise
performance of the amplifier. A continuous time-gain compensation circuit is built in the TIA by adjusting the positive and
negative resistance loads, which are composed of the voltage -controlled MOS array. Simulation results show that the proposed
TIA achieves a 1.9pA/√ Hz input referred noise at 18MHz center frequency of the echoes while consuming only 0.18mW.
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AP0015
Title: A Hybrid Method for Signal Probability Estimation with Combinational Circuits
Abstract: Signal probability is one of the most important factors in evaluating the performance of digital circuits. However,
estimating signal probability for large circuits could be difficult due to signal delay and/or complex signal correlations caused by
reconvergent fanouts. In this paper, we propose a hybrid approach to estimate signal probability by categorizing the strength of
signal correlations in order to propagate signal probabilities through logic gates. Probabilities for signals with strong correlation
are calculated directly and accurately, while those with relatively-weak correlations are evaluated using local bit-stream
simulations. Simulation results on benchmark circuits show that the proposed method is both efficient and effective with a high
level of accuracy.
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AP0066
Title: Hierarchical and Recursive Floorplanning Algorithm for NoC-Based Scalable Multi-Die FPGAs
Abstract: Emerging applications are calling for significantly larger FPGAs with multi-dies. However, these multi-die FPGAs with a
traditional substrate-based interconnection are not scalable enough, because the execution time and probability of failure of
their floorplanning algorithm will increase dramatically with the growth of design or the number of ides. Therefore, future
multi-die FPGAs will require a scalable interconnection architecture and its associated floorplanning algorithm. To address this
issue, we propose both a new NoC-based scalable multi-die FPGA architecture and a corresponding floorplanning algorithm,
namely Hierarchical and Recursive Floorplanning Algorithm (HRFA). First, we introduce the interconnection architecture with a
class of scalable hierarchical topologies. Second, we formulate the floorplanning problem for the proposed NoC architecture as
an ILP (Integer Linear Programming). Third, we develop a novel recursive method to solve the ILP formulation by taking
advantage of the parallelization opportunities exploited from the hierarchical interconnection architectures. The experiments on
a Convolutional Neural Network (CNN) benchmark show that the scalability of our proposed technique is at least $3\times$ as
that of the state-of-the-art solutions measured by the size of the feasible benchmark, with no loss of design performance.

AP0069
Title: An Improved Multi-Objective Optimization Framework for Soft-Error Immune Circuits
Abstract: Soft error is one of the main circuit reliability issues. Mitigating soft error inevitably requires sacrificing area and
power, therefore there is a trade-off between area, power, and soft error. In this paper, some improvements have been made to
the multi-objective optimization framework based on Back Propagation(BP) neural network and Non-dominated Sorting Genetic
Algorithm-II(NSGA-II). A data set selection and dimensionality reduction scheme is proposed to ensure that the framework is
suitable for circuit designs of different scales. The experimental results show that the average soft error rate(SER) of the three
circuits is reduced by 46.6%, the area is increased by 9.9%, and the power is increased by 30.7%.

AP0176
Title: Implementation of a training computer program for circuit analysis in the time domain
Abstract: Various programs are used in teaching electrical engineering. Both mathematical support programs and full-fledged
electrical circuit simulators are used. At the initial stage, it is important to give the student a clear and simple tool that will allow
them to master the basics of electrical engineering. A small program for circuit analysis in the time domain is proposed as such a
tool. The theory of methods of analysis and numerical integration underlying the program code is explained. Using the example
of an electric circuit, the procedure for working with the program is explained.
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AP0049
Title: A Two-stage Training Framework for Hardware Constraints of Computing-in-Memory Architecture
Abstract: Analog computing-in-memory (CIM) involves high-density interleaved memory arrays that are beneficial to deep
neural networks involving several parallel computations. Furthermore, it can improve the von Neumann bottleneck of digital
logic circuits, and it displays considerable potential in achieving high energy efficiency in artificial intelligence (AI) accelerators.
We developed a two-stage training framework that not only considers hardware architecture constraints but also analyzes the
nonidealities that occur in CIM devices. First, we designed a CIM convolution function that can be commonly used in various
neural networks. Convolution layers cease to be limited by the number of accumulations in CIM architectures if their weight
kernels are split and compensated. In addition, the training framework can not only quantize weights and activations to their
target bit widths but also inject noise during the training process to improve the inference robustness of a neural network. Our
results revealed that our framework could improve the accuracy of a residual network (ResNet) by 2.26% and 8.95% on CIFAR-10
and CIFAR-100. Moreover, the limitation of analog-to-digital converter (ADC) bit widths necessitates the quantization of the
output value of matrix–vector multiplication (MVM). An MVM quantizer offers flexible quantization intervals to the output
distribution of each layer such that crucial information can be retained and accuracy can be enhanced after the quantization
process. The experimental verification results revealed that the accuracy of the ResNet and visual geometry group (VGG) models
increased by 4.48% and 5.46% on CIFAR-10, respectively. The results of this study demonstrate that the proposed framework is
effective and useful for the fabrication and design of CIM chip systems.

AP0018
Title: Design-Technology Co-optimization for Cryogenic Tensor Processing Unit
Abstract: The cryogenic silicon complementary-metal-oxide-semiconductor (CMOS) technology and its application in tensor
processing unit (TPU) design are explored. Using the 22 nm fully-depleted-silicon-on-insulator (FDSOI) transistor model that was
calibrated at 70 K, this study provides insights into the design/technological knobs to achieve a superior performance at
cryogenic temperature (cryo-TPU) by exploiting threshold voltage (Vth) engineering, gain-cell embedded DRAM (GC-eDRAM)
and true-single phase clock (TSPC) D flip-flop. Benchmark shows that cryo-TPU using GC-eDRAM based global buffer and TSPC D
flip-flop based register surpasses conventional TPU architecture operating at the room temperature: over 33% chip area
reduction in iso-power condition, over 94% power reduction in iso-area condition and over 40% power reduction even when the
refrigerator cooling power is included.

AP0042
Title: An LUT-Based Multiplier Array for Systolic Array-Based Convolutional Neural Network Accelerator
Abstract: With the booming of artificial intelligence, convolutional neural networks (CNNs) have attracted widespread attention.
In this paper, a look-up table (LUT) based multiplier array is proposed for convolution in CNNs, where multiplications play the
critical role. By exploring the distinctive features of CNNs based on systolic array, the proposed multiplier array pre-computes all
possible partial products and stores them in an LUT. The partial products in the LUT are reused multiple times to reduce the
switching activities. The proposed multiplier array is employed in a multiply-and-accumulate (MAC) array for convolutional
calculations. Implemented with different bit widths and clock frequencies in an industrial 65-nm CMOS technology, the
proposed design achieves up to 23.34% and 33.26% reduction in power consumption as well as power area product (PAP),
respectively, as compared to the reference designs with various conventional multipliers.
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AP0083
Title: Hierarchical DNN with Heterogeneous Computing enabled High-Performance DNA Sequencing
Abstract: DNA sequencing is a popular tool to demystify the code of living organisms and is reforming the medical,
pharmaceutical and biotech industries. The Next-Generation Sequencing (NGS) plays a vital role in high-throughput DNA
sequencing with massively parallel data generation. Nevertheless, the massive amount of data imposes great challenges for data
analysis. It is arduous to reach a low error rate for handling noisy and/or biased signals owing to the imperfect biochemical
reactions and imaging systems. Furthermore, a homogeneous computing system lacks computing power and memory
bandwidth. Therefore, in this work, a novel heterogeneous computing platform with a hierarchical deep neural network
sequencing pipeline is proposed to improve the sequencing quality and increase processing speed. Experiments demonstrate
that the proposed work reached higher effective throughput (12.18% more clusters found), lower error rate (0.0175%), higher
quality score (%Q30 99.27%), and 19% faster. The reported work empowers virus detection, diseases diagnostic, and other
potential biomedical applications.

AP0043
Title: A Karnaugh Map Approximate Adder With Intrinsic Error Compensation
Abstract: Approximate computing emerges as a new design paradigm to fill the gap between rigid design specifications and
limited on-chip hardware resources. In this paper, an approximate Karnaugh Map-based Error Compensation Adder (KMECA)
with intrinsic error compensation characteristics for loop accumulations is proposed for power and area savings while providing
minimal computation errors. The proposed adder is based on a smart modification of the Karnaugh map to acquire zero mean
error and generate an internal error compensation effect for loop accumulations. KMECA achieves the smallest Normalized
Mean Error Distance (NMED) and Mean Square Error (MSE) in loop accumulation compared with the previously published
approximate adders. An error model is also proposed to portray the error characteristics and explain the error compensation
effect of KMECA.

AP0102
Title: A 104.76-TOPS/W, Spike-Based Convolutional Neural Network Accelerator with Reduced On-Chip Memory Data Flow and
Operation Unit Skipping
Abstract: The energy efficiency of artificial intelligence networks must be increased if they are to be implemented on edge
devices. Brain-inspired spiking neural networks (SNNs) are considered potential candidates for this purpose because they do not
involve multiplication operations. SNNs only perform addition and shifting operations. SNNs can be used with a convolutional
neural network (CNN) to reduce the required computational power. The combination of an SNN and a CNN is called a spiking
CNN (SCNN). To achieve a high operation speed with an SCNN, a large memory, which occupies a relatively large area and
consumes a relatively large amount of power, is often required. In this paper, a data flow method is proposed to reduce the
required on-chip memory and power consumption and to eliminate the operation unit skipping of a high-sparsity SCNN. This
method decreases the overall on-chip memory required by an SCNN and increases the network’s energy efficiency. When using
the proposed method in this study, an SCNN exhibited energy efficiency of 104.76 TOPS/W when processing the CIFA-10
dataset.
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AP0207
Title: A 500-MS/s 9-Bit Time-Domain ADC Using a Nonbinary Successive Approximation TDC
Abstract: This paper presents a 500-MS/s 9-bit time-domain analog-to-digital converter (ADC) using a nonbinary successive
approximation time-to-digital converter (SA TDC) for energy efficiency. By adding redundancy in the first six decision steps, the
delay fluctuations of the delay cells and offset of the time-domain comparators in the SA TDC can be tolerated and nonlinearity
can thus be reduced. In addition, a voltage boost-based voltage-to-time converter (VTC) is utilized to further improve the
linearity. Implemented in 28nm CMOS, the time-domain ADC consumes 4.27 mW operating at a 0.9-V and 2.5-V supply. Under a
500-MS/s sampling rate, the simulated SNDR and SFDR are 54.69 dB and 55.16 dB at Nyquist input frequency, respectively,
resulting in a Walden figure of merit (FOMW) of 19.29 fJ/conversion step.
AP0079
Title: A 16-Bit 2 MS/s Cyclic-pipelined ADC with Calibration for Inter-stage Amplification
Abstract: The inaccuracy of residue amplification has become the major bottleneck when it comes to design pipelined
analog-to-digital converters (ADCs). High-gain and high-speed operational amplifiers (Op-Amps) usually consume too much
power for a decent ADC. Therefore, we proposed a foreground calibration technique, which can correct amplification errors in
cyclic-pipelined ADCs and consequently alleviate the DC gain requirement for internal amplifiers. The proposed calibration
scheme is implemented in an area-efficient 16-bit, 2 MS/s cyclic-pipelined ADC, fabricated in 180 nm CMOS technology. The ADC
is designed and realized by cycling a 5-bit sub-ADC four times, and each time 1-bit redundancy is exploited to suppress the errors
due to sub-ADCs. Actual gain of each amplification can be feasibly calculated by the Fix-Point Iteration algorithm. Simulation
results show the signal-to-noise-and-distortion-ratio (SINAD) to be 100.6 dB even with a 57dB-DC-Gain amplifier. The total
power consumption of ADC is 30.43 mW and it occupies an active area of 1.8 mm square.

AP0024
Title: A Third-Order CIFF Noise-Shaping SAR ADC with Nonbinary Split-Capacitor DAC
Abstract: Abstract—A third-order CIFF noise-shaping SAR ADC is proposed in this paper. Aiming at the input-referred noise of
the multi-input comparator, stacking capacitors are used to realize the addition of the input signal and integrated residual
voltages. To reduce area and power consumption, a nonbinary spilt-capacitor DAC is proposed. The DAC input capacitor is 0.6pF.
A sampling rate of 5MS/s ADC is designed in 130nm process. The simulation results show that with the oversampling ratio of 8,
the ADC achieves 80.2dB SNDR and 86.8dB SFDR, and the ENOB is 13bits. The total power consumption of the ADC is about
607μW.

AP0071
Title: A 12-bit 1GS/s Current Steering DAC with the Appointed and Thermometer coding scheme
Abstract: A novel appointed code for the decoder architecture of digital to analog converter is proposed by grouping and coding
the current cell of the DAC's output to reduce further glitching of the current cell. In addition, the segmented current-steering
DAC topology combines 6-MSB thermometers with 6 LSB of the appointed coding scheme. The proposed appointed code DAC's
advantages exhibit a smaller area, lower power, and better static performance. On the other hand, better dynamic performance
can achieve by implementing the thermometer code. The proposed 12-bit DAC utilizes the TSMC 90nm process with 1V/1.2V
supply voltage and a sampling rate of 1.2 GS/s. The simulated DNL and INL are 0.12 LSB and 0.09 LSB, respectively. The proposed
appointed code with thermometer code segmented DAC achieves higher output precision and less die area.
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AP0090
Title: An 8-b 8-GS/s Time-Interleaved SAR ADC With Foreground Offset Calibration in 28nm CMOS
Abstract: This paper presents a high speed and low power TI-SAR ADC with offset calibration. Based on robust non-binary
dynamic resistive DAC, comparator offset mismatch in the 2b/cycle TI-SAR ADC is well mitigated by the proposed offset
calibration with small power consumption and speed degradation. A custom segmented and split CDAC is developed to reduce
critical path delay and input capacitive load. With optimized switching strategy, VCM shift is minimized to ensure ADC accuracy
and only two reference sources are needed. An 8-b 8GS/s prototype is designed in 28nm CMOS process, the simulated ADC
ENOB and SFDR are 7.7 bit and 63.4dB respectively with Nyquist input frequency. The ADC power consumption is 14.3mW under
1-V supply, corresponding to an excellent Walden FoM of 8.5 fJ/conv.-step.

AP0096
Title: Accurate Geometric Programming-Compatible Slew Rate Modeling for Two-Stage Operational Amplifier Design
Optimization
Abstract: To aid the integrated circuit designer in producing optimal two-stage operational amplifier designs within the
geometric programming design framework, monomial models for the positive and negative slew rate performances are
proposed in this work. Compared to the commonly-used and inaccurate slew rate design equations, the developed slew rate
monomial models are capable of producing designs which have excellent slew rate performance agreement between the design
optimization framework and circuit simulation, are based on highly-accurate slew rate design equations, require minimal
overhead to produce, and have minimal modeling complexity with respect to the number of parameters to be estimated. We
demonstrate the efficacy of the proposed slew rate models via a design test case in a standard 1.8-V, 0.18-µm CMOS technology.
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AP0124
Title: An 8-T Processing-in-Memory SRAM Cell-Based Pixel-Parallel Array Processor for Vision Chips
Abstract: Vision chip is a high-speed image processing device, featuring a massively-parallel pixel-level processing element (PE)
array to boost pixel processing speed. However, the collocated processing unit and fine-grained data memory unit inside each PE
impose a huge requirement on memory access bandwidth as well as big area and energy consumption. To overcome this
bottleneck, this paper proposes a full custom 8T SRAM-based Processing-in-memory (PIM) architecture to realize pixel-parallel
array processor for high-speed energy-efficient vision chips. The proposed PIM architecture is constructed by emending
multiplexer-based computing circuits into a dual port 8T SRAM array, so as to form a PIM PE array. Each PIM PE holds a 66-bit 8T
SRAM cell block embedding in-memory logic functions, of which 64-bit 8T SRAM cells serving as the PE memory, 2-bit 8T SRAM
cells acting as a buffer register in the PE. A full custom physical layout of a 16 × 16 prototyping PIM PE array is designed and
simulated using a 65 nm CMOS technology. The simulation results demonstrate that our proposed PIM PE architecture can
achieve 200 MHz operation at 1.2 V, and reach a high energy efficiency of 3.97 TOPS/W while keeping a compact area of 0.129
mm2.
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AP0165
Title: Subpixel Interpolation Disparity Refinement for Semi-Global Matching
Abstract: Semi-Global Matching (SGM) algorithms and their corresponding hardware accelerators, which focus on stereo
matching, have been developed in the last few years. However, the disparity interpolation is indispensable for real-world
applications but remains to refine. This work presents a pixel-level pipeline architecture for the disparity refinement for SGM in
the case of computing disparity, which refines disparity through sub-pixel interpolation with an optimized cosine look-up table
and a computing-friendly parallel divider. The hardware architecture based on optimization algorithms has reached an error rate
of only 6.33% for traditional background and 7.30% for occlusion conditions in real-time FPGA implementation.

AP0167
Title: A 30.6–41.5uW 10-bit Column Parallel Single-Slope ADC with Minimum Voltage Feedback for CMOS Image Sensors
Abstract: A low power column parallel single-slope (SS) ADC with minimum voltage feedback (MVF) for CMOS image sensors is
proposed. It utilizes a minimum voltage feedback approach and a dynamic bias structure to reduce the useless power
consumption after the ramp signal passes the minimum voltage of a row. A 10-bit SS ADC with MVF was designed in a 180nm
CMOS process. The simulated DNL and INL of the ADC are +0.124/-0.126 LSB and +0.1/-0.104 LSB, respectively. The SNDR is
61.29dB, the SFDR is 77.24dB and the ENOB is 9.89bit. The column power consumption of the ADC is 30.6–41.5uW. The column
parallel comparator and the ramp generator using this technology in the ADC can reduce power consumption by up to 53.2%
and 57.0%, respectively. The power consumption of the added MVF circuit is only 0.16uW/column.

AP0193
Title: A Dynamic JPEG CODEC with Adaptive Quantization Table for Frame Storage Compression
Abstract: Joint Photographic Experts Group (JPEG) is one of the most advanced compression formats for still images. However,
JPEG is still limited and inefficient in real-time image processing yet in hardware implementation. This paper presents a scheme
to improve the performance of encoder and decoder, and maximize the utilization of storage on chip. Based on pipeline
structure, the system uses ping pong buffers to support the circuit across two clock domains. In addition, through dynamically
adjusting the quantization table, the utilization of storage fluctuates around 80% and the simplification of compression
decreases the initialization time of decoder. Compared to the standard hardware implementation, the optimizations of JPEG
yield a reduction of the whole storage of 76.60%, as well as an improvement of the efficiency of 77.10%.

AP0149
Title: Unsupervised Image Dataset Annotation Framework for Snow Covered Road Networks
Abstract: Road surface condition estimation plays a crucial role in road safety and maintenance, especially in adverse weather
conditions like snowfall. In this paper, we introduce a framework for unsupervised annotation of a dataset describing road snow
cover level. This framework relies on feature learning using autoencoders and graph clustering using the Louvain community
detection algorithm. We also incorporate time and weather data to facilitate the annotation process. We evaluate our method
by assessing its different steps and comparing it to another density-based clustering method. We also present a large image
dataset describing four road cover states in urban scenes, including different weather and visual conditions. The dataset
comprises 41346 images collected from road monitoring cameras installed in Montreal, Canada, during the 2022 winter season.
This dataset intends to help integrate computer vision techniques in planning snow removal operations.
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AP0061
Title: Fast Responsive Framework for Optimal Power Flow Analysis in Power System
Abstract: The analysis of optimal power flow (OPF) plays an important role in the safe operation, economic dispatching and
reliability analysis in modern power system. However, with the large-scale integration of renewable energy sources and power
electronics, higher requirements are put forward for online analysis of power system. Most previous studies only focused on the
execution efficiency of the algorithm without considering the cost of data processing and transmission. In fact, the transmission
of massive data between different platforms and computational nodes is the major factor limiting the response time of online
analysis. In this paper, a fast responsive framework, which integrates the in-memory data grid and parallel computing, is
proposed to improve the response time of OPF analysis. The case studies based on the IEEE baseline network show that the
proposed framework can greatly improve the speed of data access and accelerate the computing time of OPF.
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AP0062
Title: Change Point Detection for Time Series Data in Complex Systems
Abstract: In this work, we present a change point detection (CPD) method to detect abrupt changes in time-series data obtained
from complex systems such as large scale networks. The proposed method works by converting the original time-series into
binary-valued sequences with 0s and 1s and then identifying the time instances that the density of 1s change. Under a mild
assumption that the 0/1 samples are drawn from the same distribution in both reference and test period, we develop a
double-direction detection method to detect upward and downward change of the density of 1-samples. The proposed CPD
method is applied to operate at both fast and slow time scales to detect changes that last for shorter and longer durations.
Numerical results obtained from time-series dataset of large scale cellular network are used to evaluate the performance of the
proposed method.

AP0063
Title: Autoencoder-based Anomaly Detection for Time Series Data in Complex Systems
Abstract: In this paper, we present a new anomaly detection method for time-series data in complex systems such as power grid
and cellular networks. The proposed anomaly detection method is developed following unsupervised learning, where an
AutoEncoder based on Gated Recurrent Units (GRU-AE) is trained to reconstruct a time-series of interest, and anomalies are
detected via detecting exceptionally large reconstruction errors. A multi-timestamp stacking method is adopted to reduce the
number of time steps in the GRU-AE to facilitate the training of the model and a new training scheme with random shuffling is
proposed to prevent overfitting. The proposed GRU-AE based detector is applied in multiple time scales to detect different types
of anomalies. Numerical results obtained via time-series data from real cellular network demonstrate the performance of the
proposed method.

AP007
Title: "Fusion, Interaction, and Training'': Cultivating Innovative Leading Talents
Abstract: Engineering science and technology is the engine of human progress and a powerful lever for industrial revolution,
economic development and social progress. Relying on the construction of “New Engineering”, School of Electronic Science and
Engineering of University of Electronic Science and Technology of China (UESTC) take full advantage of the advantages of
electronic information technology, carries deep research on education and teaching reform for a long time, innovative
educational framework of “Fusion, Interaction, and Training” has been proposed, enhance the training of innovative talents in
electronic information era, and has achieved a series of practical results. Recently, the Ministry of Education issued the “Decision
on the 2018 National Teaching Achievement Award Winning Project”, School of Electronic Science and Engineering of UESTC has
achieved the national second prize. This award highlights that: UESTC has attached great importance to the training of talents,
has paid close attention to improvement of teaching quality engineering, the ability and quality of talents, and will accelerate
the “Double First-rate” undergraduate education, which is a new ambitious higher education policy that China has officially
launched.

AP0212
Title: Chaotic Sampling of Double Scroll Chaos for Digital Random Number Generation
Abstract: This article introduces a random number generator based on chaotic oscillators. Digitally obtained double scroll chaos
was used as the basis for RNG design. The RNG is implemented on FPGA at the register transfer level using the third order
ordinary differential equation to generate double scroll chaos. The 5-bit signed integer of a 32-bit fixed point number was used
in the implementation. A signal that featured chaotic characteristics was used as a source and another chaotic signal was
employed to sample the source signal to generate random bits. The random number generator that has been suggested is built
using Verilog hardware description language and experimentally demonstrated on a Xilinx Virtex VC707 FPGA. The collected
binary bits were subjected to the FIPS 140-2 randomness test suite and passed the tests successfully.
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AP0082
Title: A 4-Channel Neural Stimulation IC Design with Charge Balancing and Exponential Current Output
Abstract: This paper presents a 4-channel neural stimulation integrated circuit design with exponential current output. Using
exponentially decaying current output for neural stimulation, the excessive headroom voltage of the output stage can be
eliminated and the power efficiency of the stimulator can be improved. In this work, the exponential current generation circuit is
improved to realize longer duration for stimulation pulse. In addition, a charge balancing technique is used to minimize the
residual charge during stimulation. The stimulator IC is implemented in a 180-nm CMOS process, occupying a core area of 1.93
mm2. The simulation results show that maximum power efficiency of the output stage reaches 90% and the maximum
stimulation duration has been increased by 3 times compared to previous work. The results also show that the short-time pulse
insertion circuit for charge balancing can maintain the electrode voltage within a safe range (Vref ±50 mV), and the maximum
residual charge in a single cycle is only 84 pC.
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AP0116
Title: A Wireless Power Design with High PCE and Fast Transient Response over a Large Loading Range for Multi-channel Neural
Stimulators
Abstract: Brain-machine interface(BMI) with implantable bioelectronics systems can provide an alternative way to cure neural
diseases, while a wireless power transfer (WPT) system plays an important role in providing a stable voltage supply for the
implanted chip. A WPT for multichannel neural stimulators with high power conversion efficiency(PCE) and low power
dissipation over a large loading range is proposed in this work. Both the internal Vth cancelation (IVC) and the dynamic bulk
modulation (DBM) schemes are used to maximize the PCE of rectifiers. Besides, a reverse nested miller compensation (RNMC)
LDO with a transient enhancer is proposed for the WPT system. Simulation results show that the total PCE is 55% at its peak, and
the power consumption is 0.55 mW and 22.5 mW at standby (SB) and full stimulation (ST) load, respectively. For a full load
transition, the overshoot and downshoot of the LDO are 110 mV and 71 mV, respectively, which help improve the load transient
response during neural stimulation.

AP0121
Title: A neural recording IC design with on-chip CMOS electrode array for brain-machine interface
Abstract: This paper presents an integrated circuit design for neural recording chip with integrated CMOS electrode array. The
implementation of on-chip electrode array can greatly improve the implantability of neural recording systems. The chip is mainly
composed of a neural recording analog front end and an 8×8 microelectrode array designed in CMOS process technology. The
analog front end of the neural recording circuit adopts chopper technique, which effectively reduces the low-frequency noise.
The whole circuit has been designed in Cadence using the SMIC 180-nm CMOS process. The simulation results show that the
signal with a frequency ranging from 0-2kHz and the amplitude ranging from 0-500μV can be independently recorded through
the electrodes with a control terminal. The electrode array and the recording analog front end IC are partly overlapped using
different metal layers, saving the chip area. The chip area of the final circuit with 64 electrodes is only 1400 μm × 760 μm.

AP0117
Title: A Low-Noise Neural Signal Amplifier Achieving 1.6 NEF and 2.56 PEF for Brain-Machine Interface
Abstract: This paper presents a low-power and low-noise front-end amplifier (FEA) dedicated to recording and preprocessing
biomedical signals for brain-machine interface. The FEA employs a current-reused architecture which adopts an inverter-based
differential input stage to achieve consi-derable g_m/I efficiency and low noise. With a carefully designed common-mode
feedback circuit, the output common-mode voltage of the fully-differential FEA is stabilized within an acceptable margin of error
about 1 mV. All transistors in FEA operate in the sub-threshold region, realizing low power consumption. This current-reused
FEA implemented in a CMOS 0.18-μm technology provides a noise efficiency factor (NEF) and power efficiency factor (PEF) of 1.6
and 2.56, respectively, corresponding to an input-referred noise of 2.37 μV_rms. This FEA consumes only 2 μA current from 1 V
supply and the active area is 0.2 mm × 0.2 mm.

AP0170
Title: Design and Optimization of Inductive Coils for 2FSK-based Power and Data Transmission for Biomedical Implants
Abstract: The next-generation of neural prostheses such as optogenetic cochlear implants (CIs) can be implemented by a
2FSK-based wireless power and data transfer (WPDT) system over a signal inductive link. Optimizing the power efficiency of the
link is imperative to minimize the heating dissipation in tissue and interference with other devices. And to mimic natural
auditory perception with high fidelity, data rate is also important. Previous design methodologies for coils are not
comprehensive and accurate enough to account for data transmission and operation at dual carrier frequencies. We outline the
theoretical foundation of optimal power transmission and compromise it with data transmission. We use this foundation to
propose an iterative dual frequencies coils (DFC) design procedure for 2FSK-based WPDT system. Moreover, we execute this
procedure at 3.951 and 4.516 MHz achieving power transfer efficiency (PTE) and power deliver to the load (PDL) of 77.4% and
230.25mW respectively, and the data rate reaches 564 Kbps, at 12mm spacing. All results are verified with simulations using
MATLAB and measurements using helical coils fabricated on printed circuit boards.
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AP0198
Title: SME: A Systolic Multiply–accumulate Engine for Neural Radiance Field Rendering
Abstract: In this paper, we propose an output stationary systolic multiply–accumulate engine (SME) with an optimized dataflow
for multilayer perceptron (MLP) computation in the state-of-the-art Neural Radiance Field (NeRF) algorithms. We also analyze
activation patterns of the NeRF algorithm who uses ReLU as the activation function, and find that the activation can be very
sparse, especially in the last several layers. Based on this, we further propose to take advantage of activation sparsity by gating
corresponding multiplications in the SME for power saving. The proposed SME is implemented using SpinalHDL, which is
translated to VerilogHDL for VLSI implementation using Synopsys EDA tools under 40nm CMOS technology. Evaluation results
show that, working at 400MHz, the proposed SME occupies 31.371mm^2 circuit area, and consumes 873.7mW power,
translating 78.69 nJ/sample. Comparison results show that the proposed SME has 1.19x energy efficiency improvement and
2.13x area efficiency improvement over the MLP engine in ICARUS, which is the first specialized hardware accelerator NeRF
rendering.
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AP0031
Title: Up to 13.7% Increase in Throughput of RISC V SoC using Timing Speculative Razor SRAM
Abstract: In advanced technology nodes, higher process variations compel designers to leave higher design margins. To
overcome this, timing speculative methods can be used. A Razor SRAM is incorporated with a RISC V SoC to investigate the gains
that can be achieved in terms of an increase in the throughput, over a range of different activity factors. It is observed that using
the Razor SRAM in 65 nm Low Standby Power Technology (LSTP), a throughput gain of up to 13.7% can be obtained for an
activity factor of 0.1, and a gain of up to 6.7% can be obtained for an activity factor of 1 at SNSP, 125◦C corner.

AP0188
Title: Design of Approximate Floating point FFT with Mantissa Bit width Adjustment Algorithm
Abstract: The Fast Fourier Transformation(FFT), as a high-efficiency algorithm of the Discrete Fourier Transform (DFT), is widely
used in Digital Signal Processing (DSP) and wireless communication systems. These applications are error tolerant due to the
channel noise or error correction modules. Approximate Computing has shown effectiveness and feasibility in these
applications. However, most approximate units are designed case by case in previous works, which is low efficiency and difficult
to find the optimal design. In this paper, a mantissa bit-width adjustment algorithm for floating-point (FP) FFT is proposed under
specific accuracy requirements. With the proposed algorithm, the approximate 64 FP FFT achieved 50% area reduction and 70%
power delay product (PDP) reduction compared to the exact design with a 60dB Signal-Noise Ratio (SNR) requirement, which is
also at least 33% and 52% better than the previous approximate FP FFT. The proposed approximate FFT design is verified in the
channel estimation module of a wireless communication system, which has a neglectable impact on the bit error rate (BER)
performance of the system.

AP0105
Title: Ternary In-Memory MAC Accelerator With Dual-6T SRAM Cell for Deep Neural Networks
Abstract: In-memory computing (IMC) based on static random access memory (SRAM) is a promising solution to enable highly
energy-efficient multiply-accumulate (MAC) operations for machine learning accelerators. In this brief, an in-SRAM computing
technique is proposed by using a dual-six-transistor (dual-6T) SRAM cell. The dual-6T SRAM cell is composed of two
conventional-6T-SRAM-cell-like 6T cells with split wordlines, achieving a compact array layout. With specialized coding, the
dual-6T SRAM circuit is one of the few in-memory accelerators which support parallel MAC operations with both ternary
activation and ternary weight. A 128×64 memory array is implemented in a 55-nm low-power CMOS technology. Due to the
compact bitcell topology and smart coding, the proposed dual-6T memory array achieves up to 635 TOPS/W energy efficiency @
100 MHz and 38.84 TOPS/mm2 peak area efficiency @ 350 MHz, which is competitive among the state-of-the-art in-memory
computing MAC accelerators.

AP0123
Title: A High-Precision PVT-Tolerance Adaptive Clock Circuit over Wide Frequencies in 28nm CMOS
Abstract: The adaptive clock circuit provides the deferred reference clocks for the adaptive voltage-frequency scaling (AVFS)
system. However, coping with the high-precision demands of reference clocks remains a challenge. To address these issues, this
paper presents an adaptive clock circuit for the AVFS system consisting of a time-to-digital converter, a configurable delay chain,
and a code-to-code converter. We implement 3 technologies to improve performance: 1) a multi-level configurable delay chain
(CDC) is adopted to obtain a wide range of operating frequencies; 2) the source/drain capacitance of an NMOS transistor
operates as a unit load capacitance to achieve ultra-fine delay adjustment; 3) one-hot transmission gate multiplexers are
adopted to reduce the propagation latency deviation from multiplexers' input ports to the output's. Verified in 28nm process,
simulation results show that the proposed circuit achieves a precision of 0.172ps at TT0.9V25 C, which reduces the impact of
PVT variations.
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AP0076
Title: Toward A Real-Time Elliptic Curve Cryptography-Based Facial Security System
Abstract: This paper presents a novel approach for facial security system using elliptic curve cryptography. Face images
extracted from input video are encrypted before sending to a remote server. By mapping each pixel value of the detected face
from the input video frame to a point on an elliptic curve, input face images are completely encrypted. The original image is
recovered when needed using elliptic curve cryptography decryption function. Specifically, we modify point multiplication
designed for projective coordinate and apply the modified approach in affine coordinate to speed up scalar point multiplication
operation. Image encryption and decryption operations are also facilitated using our existing scheme. Simulation results on
Visual Studio demonstrate that the proposed systems help accelerate encryption and decryption operations while maintaining
information confidentiality.
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AP0118
Title: A Power Effective DLA for PBs in Opto-Electrical Neural Network Architecture
Abstract: Deep neural networks (DNN) have been widely used in many real-time artificial intelligent (AI) applications because of
effective hardware accelerators. However, most present designs either suffer from high area cost or low hardware usage. This
paper presents a design of a digital logic accelerator (DLA) for use in PBs (processing block) of an opto-electrical neural network
(OENN). The proposed DLA uses processing elements that detects underflow and overflow. Besides, it also increased the
processing time to resolve the timing problems. The details of the design together with post-layout simulations are presented in
this paper. The DLA is implemented using a typical 40-nm CMOS process. It showed a performance result of 51.2 GOPS and the
power consumption is 91.3 mW at 125 MHz.

64

AP0080
Title: Design and Implementation of a Low Power Switched-Capacitor-Based Analog Feature Extractor for Voice Keyword
Spotting
Abstract: A low-power keyword spotting (KWS) is demanding for the smart human-device interface. The conventional analog
feature extractor utilizes an analog filter bank that consumes large power and area. This paper presents a KWS with a low-power
switched-capacitor-based feature extractor. The feature extractor employs two pipelining time-domain convolutional neural
networks (TD-CNNs) to extract sufficient features for KWS. The TD-CNNs utilize sparsity aware computation (SAC) and sparsified
quantization (SQ) for a 4-bit weight quantization. The features are quantized to 2-bit for further classification by an off-chip deep
neural network. The analog feature extractor is designed in a 55-nm CMOS process and post-layout simulation is provided. It
consumes 4.4 μW at a 1.2-V power supply, with an area of 0.39 mm2. It achieves an accuracy of 92.2% for the google command
dataset (GSCD) with five classes.

AP0047
Title: A 1.93TOPS/W Deep Learning Processor with a Reconfigurable Processing Element array based on SRAM Access
Optimization
Abstract: Deep convolutional neural networks feature numerous parameters, causing data movement to usually dominate the
power consumed when computing inferences. This paper proposes an on-chip buffer access optimization method and
high-data-reuse architecture that can reduce the power consumed by an on-chip buffer by up to 67.8%. The chip is designed in a
TSMC 40 nm process running at 200 MHz and achieves energy efficiency of 1.93 TOPS/W.

AP0064
Title: Key Features Selection of Power System Operation Via Improved Clustering Algorithm
Abstract: Based on the advanced information technology, it has become an important topic to develop smart grid with big data
playing a leading role. However, with increase of data dimension, the problems of dimensional disaster and sparse information
become increasingly prominent. In this paper, we proposed an improved the clustering algorithm, which combines the partial
priority clustering and clustering ensemble algorithm, to reduce the data dimension and select the key features of power big
data. The case studies are based on the load data of residential areas in multiple states of the United States. The simulation
results show that the proposed algorithm can quickly determine clustering center and effectively control the number of clusters.
Moreover, the improved algorithm can largely reduce the time complexity, and does not produce any intermediate variables. It
is useful for precise features selection and less space occupation.

AP0150
Title: Multi-modal Asymmetric Autoencoders for Massive Photo Collection Applications
Abstract: There has been an abundant use of applications where many photos obtained from camera-equipped devices can be
leveraged and exploited to enable emerging services, e.g., mobile crowdsourcing. These systems usually collect a large data
streams of images coming from different heterogeneous sources (e.g, IoT devices and humans) in an inadvertent way. Due to
the limitations and challenges related to communication bandwidth, storage, and processing capabilities, it is unwise to transfer
unselectively all the photos since most of them often either contain duplicate information, are inaccurate, or are just falsely
submitted. In this paper, we propose to design a smart image selection procedure using an asymmetric multi-modal neural
network autoencoder to select a subset of photos that has high utility coverage for multiple incoming streams. The proposed
system enables selecting high context data from an evolving picture stream and ensures relevance. The approach uses the
photo's metadata such as geo-location and timestamps along with the pictures' semantics to decide which photos can be
submitted and which ones must be discarded. Simulation results for two different multi-modal autoencoder architectures
indicate that a mixed asymmetric stacked autoencoder approach can yield better results outperforming the concatenated input
autoencoder while leveraging user-side rendering to reduce bandwidth consumption and computational overhead.
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AP0186
Title: Deep Texture-Depth-Based Attention for Face Recognition on IoT Devices
Abstract: Traditional face recognition systems use RGB images as input for feature extraction and classification. However,
conventional methods based on color images experience non-trivial accuracy drop under several challenging conditions like
occlusion, pose variation, and facial expression changes. With the gradually decreasing cost of smart sensors, RGB-Depth(D)
images captured using low-cost sensors are used to provide complementary features to RGB image. In this paper, we propose a
novel end-to-end network that combines both texture and depth features for automatic attention-based face recognition.
Additional discriminative information extracted from both the Local Binary Pattern (LBP) features and depth map are exploited
to guide the face recognition model to focus on important parts of the input image. The experiment results demonstrate that
the proposed method has improved recognition accuracy under diverse variations. Our proposed face recognition model has
been implemented on the NVIDIA Jetson Nano device to evaluate its performance with compact feature extractors used on
different branches of the model. The results show that our method can improve the FPS of face recognition on edge computing
device from 1.6 to 3.8 with <1 accuracy degradation.
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AP0033
Title: Achieving < 1% precision clocking solution with external-R under practical constraints
Abstract: An external resistor (REXT ) based clocking solution with < 1% precision is presented in this paper. Though REXT can
have much better temperature coefficient (TC), e.g. TC1 = 25ppm/°C and negligible TC2, practical considerations in an integrated
system-on-chip (SoC), such as micro-controller (MCU) opposes the benefits. For low cost SoCs, it is desired that the EXTR-pin (i.e.
the pin where REXT is mounted) shares a general purpose I/O pin (GPIO). Under this constraint, adjacent GPIO switching can
cause significant coupling onto EXTR-pin resulting in intolerable jitter. Additionally, the shared, tri-stated GPIO adds leakage
current with nonlinear temperature profile, into REXT causing curvature error in frequency. These are solved by novel circuit
solutions which finally help achieve the targeted precision. Measured and simulated results are provided to support the claims.
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AP0098
Title: Design of a High Voltage Level Shift with High dV/dt Immunity and High Speed
Abstract: A sub-nanosecond-delay level shifter with an above 75V/ns power supply slew tolerance is proposed in this paper. In
this design, two speed-up branches are adapted to realize a sub-ns delay and high CMTI immunity circuit is proposed to ensure
high dv/dt tolerance. Besides, with the control of CMTI enhanced logic, speed-up branches are reused to enhance the dv/dt
immunity for a better CMTI performance. And this structure can be expended to higher voltage range of application like 80V
level shifter to tolerant the large range power supply slew. The proposed level shifter simulated with 0.18μm BCD process shows
delay of 700ps and 30V/ns dv/dt immunity in the 35V high voltage application and can tolerant an 75V/ns dv/dt in 80V
application.

AP0158
Title: Analysis and Design of High-Speed and Low-Distortion Bootstrapped Switches
Abstract: Bootstrapped switches are widely applied in a variety of applications requiring high-speed and high-linearity sampling.
However, the parasitic effects of switches causing distortions have not been thoroughly analysed before. In this paper three
fundamental non-ideal factors have been explored, which are source-drain exchange, parasitic capacitive division and charge
redistribution, and their impact has been mathematically derived respectively. It is found that both on-resistance and the
bootstrapped capacitor have a quadratic (40 dB/dec) impact on the third harmonic distortion of sampled signals. Afterward, a
design guideline is proposed and verified by a 2-MSPS-\&-90dB-THD design case. Comprehensive simulation with various design
parameters shows that our design flow could feasibly optimize the design cost without sacrificing performance and hence being
constructive for designers of bootstrapped switches.

AP0125
Title: A High-Time-Resolution Time-to-Digital Converter Using Coupled Ring Oscillator with Phase Averaging
Abstract: This paper proposes a high-time-resolution time-to-digital converter (TDC) using a coupled ring oscillator (CRO) with
phase averaging. The CRO can generate short time interval multiphase clocks, and combining it with a counter enables a
high-time-resolution TDC with a wide input range and relatively small circuitry. In addition, the application of phase averaging to
the CRO reduces the timing error due to mismatch. A novel sampling technique is also proposed to eliminate the sampling error
due to counter delay and glitches. Post-layout simulations were performed on a 10-bit TDC in 28-nm CMOS technology to
evaluate the performance of the proposed TDC. The results showed that the high time resolution of 2.5 ps and low power
dissipation of 15.6 mW at the sampling frequency of 350 MHz could be obtained, along with the FOM of 0.083 pJ/conv.-step.

AP0180
Title: A Vector Pair based DWA Algorithm for Linearity Enhancement of CDACs in the NS-SAR ADC
Abstract: Conventional DWA algorithm is not direct to be used for the mismatch shaping of the SAR-type DACs that are widely
used in NS-SAR ADCs. The emerging DWA algorithm requires an extra coarse ADC which complicates the system and thus limits
the figure of merit of the high-resolution NS-SAR ADC. This paper presents vector pair based DWA algorithm omitting the
necessity of the coarse ADC. Employing two vectors that initiate at adjacent positions and respectively updates to circularly
select the elements in a reversed direction, then the mismatch error of the SAR-type DAC is first-order shaped. Not only the
theoretical proof is given but also the shaping performance is simulated in this paper.
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AP0217
Title: 0.7-6 GHz Programable Gain Push-Pull Driver PA Based on Dual-Loop Biases
Abstract: This a 28nm 0.7-6GHz programable push-pull driver power amplifier (DPA) based on dual-loop biases for Sub-6GHz
band is presented. Based on the dual-loop biases, the DPA can dynamically adjust two gate biases to ensure low output HD2 and
HD3, in addition the DPA is robust over process, voltage, and temperature (PVT) variations. The DPA achieves wideband
frequency coverage with off-chip matching network. The DPA consists of thermometer-weight transconductors and
binary-weighted transconductors. The transmitter prototype with the DPA achieves 32dB dynamic gain range, 0.5dB accuracy in
1dB step over the Sub-6GHz band. Fabricated in 28nm CMOS technology, the DPA shows 30.5dBm OIP3 while consuming 62 mA
from 1.8V power supply for high gain setting.
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AP0103
Title: Nanowatt High Order Analog Fully-Differential Bandpass Filter with Passive Switched-Capacitor Circuits
Abstract: This paper presents a kind of high order analog fully-differential bandpass filter based on passive switched-capacitor
circuits. It can be widely used in many systems, such as voice feature extraction in voice activity detection and keyword spotter.
By raising the thought of combining zero generation stages and pole generation stages rather than building stages separately in
traditional ways, power consumption can be quite decreased. The power consumption of our filter bank composed of eight
filters is 77.98nW in 180-nm CMOS. To analyze the bandpass filter theoretically, we use two methods both in z-domain and with
its equivalent circuit. Besides, some effective improvements of switches and clocks are adopted for better performance, showing
the result of 10.85 μ Vrms output-referred noise and 71.1dB dynamic range at 5% THD, having the advantages over other
bandpass filters with similar functions.
AP0179
Title: A Fast-Transient Response Capacitor-Less FVF-LDO in 22-nm CMOS Technology
Abstract: This paper presents a capacitor-less low-dropout regulator(LDO) based on flipped voltage follower(FVF) structure to
achieve fast-transient response and small voltage spikes with a high power-supply ripple rejection (PSRR) performance. This
capacitor-less LDO, implemented in 22 nm CMOS technology, is designed for the Internet-of-Things(IoT) application. With a
method of adaptive biasing, this LDO can reduce quiescent by tracking load variations and improve the load transient response
by tracing the variation of output voltage. Experimental results show that the maximal overshoot and undershoot with adaptive
biasing circuit are about 25.06 mV and 34.34 mV, respectively, at the load current toggling between 100 uA and 10 mA with
edge time of 300 ns. At the same time, its PSRR can achieve about -60.7 dB at 100 kHz and -41.2 dB at 1 MHz with quiescent
current of 11 uA. In summary, the proposed FVF-LDO exhibits a fast transient response and high PSRR performance
simultaneously without the off-chip capacitors or large quiescent current.

AP0190
Title: A Power-Aware ECG Transmission Framework with Server Aided Lossless Compression
Abstract: Wearable sensor nodes based WBAN system is utilized for reducing life risk of individuals by detecting various cardiac
anomalies via remote ECG signal monitoring. In this context, a power-aware WBAN transmission system through a server-aided
ECG compression technique is presented in this paper. For that, a lossless compression technique to deal with the power
consumption issue of a sensor node is proposed. The proposed compression approach employs a frame adaptive Golomb-rice
coding in coordination with k-means clustering at the remote server. The proposed algorithm is found to be effective in
achieving a similar compression ratio under different levels of noise incorporated in the digitized ECG signal. The algorithm is
validated with ECG signals from MIT-BIH arrhythmia database, resulting in an average compression ratio of 2.89. The VLSI
architecture of the proposed technique is implemented on TSMC 90 nm technology, which consumes a power of 65 µW with
0.0049 mm2 area overhead.

AP0023
Title: A 0.5 to 2GHz Blocker-Tolerant Receiver Achieving 29dBm OOB-IIP3 and 3.2 to 6dB NF Using Bottom-Plate
Switched-Capacitor Technique
Abstract: In this paper, a blocker-tolerant receiver (RX) is proposed covering 0.5 to 2GHz, which incorporates a gain-boosted
(GB) mixer-first low-noise amplifier (LNA) network and a bottom-plate switched-capacitor (SC) N-path filter to enhance the
out-of-band (OOB) blocker suppression and also improve the noise figure (NF). Furthermore, a clock-delay technique is proposed
to improve the LO non-overlap characteristics. Implemented in 65nm CMOS technology, the simulated results present that
under 80MHz offset frequency the RX achieves 29dBm OOB-IIP3 and -2.3dBm B-1dB. The noise figure (NF) is simulated ranging
from 3.2 to 6dB, and the active area is 0.66mm2. At 2GHz, the power consumption is 25mW, in which only 4.7mW is due to the
LO dynamic power.
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AP0036
Title: An Energy-Efficient Readout Circuit Based on Incremental Delta-Sigma ADC with Decimation Filter for CMOS Image Sensors
Abstract: Abstract—This paper presents an energy-efficient readout circuit based on incremental delta-sigma ADC (IADC) with a
decimation filter for CMOS image sensors (CIS). A single-end 3rd-order 1-bit inverter-based delta-sigma ADC is embedded to
achieve high resolution conversion efficiently. In addition, the correlated level shifting (CLS) technique was adopted, which
enhances the DC gain of the integrator from 42.7 dB to 62.4 dB and extends the output swing from 85% to 100% of the full scale.
A compact decimation filter with digital correlation double sampling (CDS) was used, which consists of only a counter and two
digital integrators. The prototype chip is designed in a 55 nm CMOS process with a 1.2V supply voltage. Transient noise
post-simulation results reveal the decimation filter consumes 33.0 μW and the IADC consumes 30.2 μW while achieving 82.8 dB
SNR in 25 μs conversion time, resulting in a Schreier FoM of 171.0 dB.

AP0163
Title: A 40.6 ppm/℃ 368 nW 10 kHz Relaxation Oscillator with Temperature-Sensor-based Piece-Wise Compensation
Technique
Abstract: This paper proposes an on-chip 10 kHz relaxation oscillator (RxO) for Internet-of-Things (IoT) application. To reduce
the frequency temperature coefficient (TC) of the RxO, a novel temperature-sensor-based piece-wise compensation scheme is
introduced, which employs different hybrid resistor network combination for the proposed RxO according to the ambient
temperature variation. Furthermore, a capacitance calibration method is employed to compensate the frequency drift caused by
the process variation. The circuit is designed and simulated in a 0.18 μm CMOS process. The proposed RxO acquires a frequency
temperature coefficient of 40.6 ppm/℃ from -40 ℃ to 125 ℃ with the frequency drift of -0.41% to 0.26%. The frequency
variation is 0.459% at the supply from 0.95 V to 2 V, and the typical power consumption is 368 nW under a supply voltage of 1 V.

AP0132
Title: High Linearity BJT-Based Time-Domain CMOS Temperature Sensor
Abstract: This work proposes an energy efficient high accuracy BJT-based time-domain CMOS temperature sensor. Using BJTs as
the sensor front-end, the delay pulse generator (DPG) converts the generated temperature-dependent voltages into pulse width
modulation (PWM) signals, followed by gated ring oscillators (GROs) with first-order noise shaping for accurate temperature
sensing. With the inherent nonlinearity mainly contributed during voltage-to-time conversion, we employ a pseudo differential
architecture to minimize the common mode noise and the BJT core settling error by reducing the internal node impedance while
improving the energy efficiency. Implemented in a standard 0.18μm CMOS process, this work achieves an inaccuracy of ±0.3°C
from -40 to 125°C, accomplishing a competitive accuracy- and resolution-FOM of 0.39nJ%2 and 14.5pJ°C at a conversion time of
0.204ms.
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Computing
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Presenter: Zhihuai Zhang
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Title: A Low-Power Approximate Multiplier with Sign-Focus Compressor and Error
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Presenter: Laimin Du
Affiliation: Southern University of Science and Technology
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Communications
Author(s): Jipeng Ge, Chenggang Yan, Xuan Zhao, Ke Chen, Bi Wu and Weiqiang Liu
Presenter: Jipeng Ge
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Author(s): Sae Goto, Minoru Watanabe and Nobuya Watanabe
Presenter: Minoru Watanabe
Affiliation: Okayama University
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Author(s): Zhikun He, Xinpeng Xing, Xinfa Zheng, Haigang Feng, Hongyan Fu and
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Presenter: Xinpeng Xing
Affiliation: Shenzhen International Graduate School, Tsinghua University
Title: A 500-MHz 32-bit DETFF-based Shift Register Utilizing 40-nm CMOS Technology
Author(s): Jyoshnavi Akiri, Lean Karlo Santos Tolentino, Lung-Jieh Yang,
Balasubramanian Esakki, Sivaperumal Sampath and Chua-Chin Wang
Presenter: Jyoshnavi Akiri
Affiliation: National Sun Yat-Sen University
Title: An Energy Efficient Precision Scalable Computation Array for Neural Radiance
Field Accelerator
Author(s): Chaolin Rao, Haochuan Wan, Yueyang Zheng, Pingqiang Zhou and Xin Lou
Presenter: Xin Lou
Affiliation: ShanghaiTech University
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AP0016
Title: An Accurate and Time-Efficient Subtractor by Cross Format Coding in Stochastic Computing
Abstract: Different from binary computation, stochastic computation (SC), as a new paradigm, uses stochastic bit stream (SBS)
to encode data. By simplifying computing elements, the circuit area can be greatly reduced. SBS can be generated by stochastic
number generator (SNG) with a variety of formats. In this work, we use unipolar (UP) and bipolar (BP) formats to optimize the
traditional SC subtractor, which is named as the UP-to-BP Subtractor (UBS). A new cross format coding (CFC) method is proposed
for stochastic computing, which combines the UP and BP format, and is applied to Sobel edge detection in image processing
algorithms. The fault tolerance and detection efficacy of the proposed CFC method and conventional binary computing are
compared in this paper. By using the CFC method, the detected F-Score is improved by 0.15(23%). If the F-score remains
unchanged, the processing speed can be about 10 times faster.

AP0054
Title: A Low-Power Approximate Multiplier with Sign-Focus Compressor and Error Compensation
Abstract: Approximate computing is an emerging and effective means of reducing energy consumption in digital circuits，which
is critical for improving the energy efficiency of edge computing devices. In this paper, we propose a novel low power signed
approximate multiplier based on a sign-focus compressor and error compensation. The sign-focus compressor is a compressor
customized for partial product matrix of signed operands. After probabilistic analysis, it is reduced to the simplest logic circuit. At
the same time, we truncate the low N-1 columns of the partial product matrix and perform error compensation. By logic
synthesis evaluation, the proposed approximate multiplier saves 49.84% power consumption, 46.41% area and 24.65% delay
compared to the exact multiplier. Compared with other state-of-the-art approximate multipliers, the proposed approximate
multiplier has better accuracy-performance trade-off.

AP0077
Title: An Energy-Efficient Approximate Floating-Point Multipliers for Wireless Communications
Abstract: Approximate computing has been introduced to reduce the circuit area and power consumption in error tolerant
applications. The wireless communication system can inherently tolerate certain errors at the receiving end due to the noise
introduced in the channel. This paper presents an energy-efficient approximate floating-point (FP) multiplier for 5G wireless
communication systems. Taking into account the data distribution characteristic in wireless communication systems, a
low-complexity accurate mantissa multiplier with the subnormal number approximated to zero is proposed. Based on the
proposed mantissa multiplier, a low-power half-precision FP multiplier is proposed with low-weight partial products truncating
and the probability compensation. Simulation results show that the truncating 10 columns partial products design reduces area
by 66.86%, delay by 57.42%, and power consumption by 65.95% with 99.95% accuracy (MRED is 0.05%). Applying the designed
approximate FP multiplier to a beam weight transformation module in 5G communication systems, the deterioration of the bit
error rate is less than 0.2dB.

AP0097
Title: Optically reconfigurable gate array VLSI that can support a perfect parallel configuration
Abstract: Very large scale integrations (VLSIs) used in high radiation environments such as outer space and nuclear power plants
are constantly affected by radiation. Since VLSIs are vulnerable to radiation, existing VLSIs have an inherent difficulty that
temporary or permanent failures occur in high-radiation environments. In order to improve the radiation tolerance of current
VLSIs, optically reconfigurable gate arrays consisting of a holographic memory, a laser array, and a programmable gate array VLSI
using a standard CMOS process technology have been being developed. The radiation tolerance of the optically reconfigurable
gate array has drastically been improved by exploiting its programmable capability based on a configuration function strong for
radiation. However, the configuration circuit still includes common signals that decrease the radiation tolerance. This paper
present a proposal of a new optically reconfigurable gate array VLSI that perfectly removes the common signals and its
experimental results obtained from testing it.
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AP0086
Title: Low Power and High Speed Designs of CIC Filter for Sigma-Delta ADCs
Abstract: Cascaded integrator-comb (CIC) filter is widely used as the first stage of decimation filter in Sigma-Delta ADC due to its
simple structure and high operation frequency. This paper mainly consists of two works. First, aiming at the power consumption
bottleneck, an improved hybrid CIC filter with 625MHz working frequency, 3bits input, 4-level cascade and extraction multiple of
8 is designed in 28nm CMOS. Second, aiming at the speed limitation, a non-recursive CIC filter with 2GHz operating frequency,
3bits input, 4-level cascade and 8 extraction multiple is optimized by extraction multiple allocation strategy in 28nm CMOS. The
results of placement and routing (PR) show that under the same frequency, the 0.2607mW power of the hybrid structure CIC
filter is reduced by 41.69% compared with traditional recursive structure, and its area is increased by 10.8%. The non-recursive
CIC filter can reach 2GHz frequency, with power consumption of 0.9493mW. Compared with the traditional recursive structure,
the speed is increased by 3.2 times, and the area is increased by 5.33%.

AP0109
Title: A 500-MHz 32-bit DETFF-based Shift Register Utilizing 40-nm CMOS Technology
Abstract: A double-edge triggered flip-flop (DETFF) has the distinct ability to latch data at either the rising or the falling edge of
the edge unlike the single-edge triggered flip-flop (SETFF). The proposed DETFF uses parallel dual paths that work without the
need of keepers for input signal boost and an inverting clock for the opposite phase operation. A Schmitt trigger replaced the
conventional feedback inverter with keeper in the DETFF, since the feedback inverter may lead to metastability which can affect
the output at unexpected timing. The said DETFF was implemented in a 32-bit shift register using TSMC 40-nm CMOS for
functionality testing. At a load capacitance of 60 pF, 31.71% power consumption decrease and 43.57% Tc-q delay reduction were
exhibited by the proposed shift register as shown by the post-layout simulation results. It has the best normalized energy per bit
normalized power, and normalized delay per bit among prior works.

AP0187
Title: An Energy Efficient Precision Scalable Computation Array for Neural Radiance Field Accelerator
Abstract: Neural Radiance Field (NeRF), a recent advance in neural rendering, demonstrates impressive results for
photo-realistic novel view synthesis. However, it faces challenges for deployment in practical rendering applications due to the
large amount of multiply-accumulate (MAC) operations. For hardware accelerator design, precision-scalable MAC array, which
can support computations with various precision can be used to optimize the power consumption of NeRF rendering
accelerators. Recently, a variety of precision-scalable MAC arrays have been proposed to reduce the computational complexity
of Convolutional Neural Networks (CNN). However, most of them require a lot of control logic to support different levels of
precision. This paper proposes a precision-scalable MAC array with serial mode, which can support the multiplication with
different precision of weight in multiple cycles with little overhead. Implementation results show that the energy efficiency of
the proposed MAC array is about 14.54 TOPS/W and 4.83 TOPS/W for 4-bit and 8-bit computation modes, superior to other
existing precision-scalable solutions.
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Title: Hardware-Aware Quantization for Multiplierless Neural Network Controllers
Author(s): Tobias Habermann, Jonas Kühle, Martin Kumm and Anastasia Volkova
Presenter: Tobias Habermann
Affiliation: Fulda University of Applied Sciences
Title: FPGA Implementation of N-BEATS for Time Series Forecasting using Block
Minifloat Arithmetic
Author(s): Wenjie Zhou, Haoyan Qi, David Boland and Philip H.W. Leong
Presenter: Wenjie Zhou
Affiliation: The University of Sydney
Title: Multi-type SRAM test structure with an improved March LR algorithm
Author(s): Xinshun Ning, Hongyong Yang, Mengdi Zhang, Yanji Wang, Ye Zhao and
Shushan Qiao
Presenter: Shushan Qiao
Affiliation: Institute of Microelectronics of Chinese Academy of Sciences
Title: Design of SEL Self-Recovery Hardness for 90nm COTS Devices Using R-C-S
Network with DC-DC Converter
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Presenter: Jindou Xin
Affiliation: National Space Science Center
Title: Study on Single Event Burnout Effect for 18V LDMOS Based on 0.18μm Process
Technology
Author(s): Langtao Chen, Xin Zhou, Ying Wang, Ying Kong, Rubin Xie, Ling Peng, Yantu
Mo, Ming Qiao and Bo Zhang
Presenter: Langtao Chen
Affiliation: University of Electronic Science and Technology of China

AP0205
Title: Hardware-Aware Quantization for Multiplierless Neural Network Controllers
Abstract: Deep neural networks (DNNs) have been successfully applied to the approximation of non-linear control systems.
These DNNs, deployed in safety-critical embedded systems, are relatively small and require high throughput and
memory-efficiency. Our goal is to perform a coefficient quantization to reduce the arithmetic complexity while maintaining an
inference with high numerical accuracy. The key idea is to target multiplierless parallel architectures, where constant
multiplications are replaced by bit-shifts and additions. We propose an adder-aware training that finds the quantized fixed-point
coefficients minimizing the number of adders and thus improving the area, latency and power. With this approach, we
demonstrate that an automatic cruise control floating-point DNN can be retrained to have only power-of-two coefficients, while
maintaining a similar MSE and formally satisfying a safety check. We provide a push-button training and implementation
framework, automatically generating the VHDL code.
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AP0213
Title: FPGA Implementation of N-BEATS for Time Series Forecasting using Block Minifloat Arithmetic
Abstract: The block minifloat (BM) number format uses an 8-bit floating point format with additional shared exponent bias to
enable low-precision representation with large dynamic range. While it has been shown that the BM format can support
low-precision training of convolutional neural networks such as ResNet on ImageNet at precisions down to 6 bits, its applicability
to inference-only applications has not been studied. We present a BM implementation of N-BEATS, a deep neural architecture
for univariate time series forecasting. N-BEATS utilises residual and fully connected (FC) blocks to achieve high accuracy. It was
found that 8-bit BM had similar area and speed as 8-bit integer arithmetic with NBEATS accuracy similar to 16-bit floating point.

AP0051
Title: Multi-type SRAM test structure with an improved March LR algorithm
Abstract: With the high-density integration of chips, the use of multi-type SRAM memory is becoming more and more extensive,
which also brings great challenges for the testing of chips.Traditional MBIST is usually also achieved by using EDA tools, which
makes it difficult to test multi-type memory directly. In this paper, a two-layer FSM PMBIST test structure is proposed, with the
outer FSM controls to cut the effective address and data, which can realise the efficient testing of multi-type memory, and the
inner FSM combines LFSR and integrates the improved March LR algorithm, which can achieve 100% coverage of the static
dualcell coupling faults. Finally, the simulation of the 55nm process verifies the normal function and good performance of the
test structure.

AP0137
Title: Design of SEL Self-Recovery Hardness for 90nm COTS Devices Using R-C-S Network with DC-DC Converter
Abstract: An efficient Single Event Latch-up (SEL) self-recovery hardness design using an R-C-S network in front of a DC-DC
converter is proposed in this brief. SEL hardness assurance is an essential requirement to determine whether Commercial
off-the-shelf (COTS) equipment can be successfully applied in an aerospace radiation environment instead of aerospace-specific
devices. Fortunately, the proposed design makes a further contribution to the hardness of SEL in that the DC-DC input voltage
controls the latch-up voltage of the device by the R-C-S network to reduce automatically the latch-up voltage below the holding
voltage, achieving the desired goal of taking the device out of SEL. The more detailed operating mechanism of this design is that
the primary function of the R-C-S network is to detect the SEL current and modulate the input voltage of the DC-DC converter,
which, due to the DC-DC converter's intrinsic properties, will indirectly result in three different working modes of the output
voltage: drop mode, oscillation mode and rise mode. These three modes play an extremely important role, achieving the
functions of pre-preparation, exit SEL and self-recovery respectively. Additionally, simulations and laser tests are employed to
reinforce the validity of the proposed method. Meanwhile, through comparison with the conventional SEL hardness designs of
power-off restarting and current limiting by resistor, respectively, it is evidently observed that the proposed method has
current continuity characteristics and better reliability of the device.

AP0178
Title: Study on Single Event Burnout Effect for 18V LDMOS Based on 0.18μm Process Technology
Abstract: In this paper, single-event burnout (SEB) effect is investigated for 18V Lateral-diffused MOS (LDMOS) based on 0.18μm
process technology. The SEB mechanism is revealed that parasitic bipolar turn-on and its self-maintaining induced by avalanche
ionization. At early stage, heavy ion induced ionized holes inject into the PB region, giving rise to the parasitic bipolar turn-on.
Electrons from the source are allowed to flow to the drain, and exert modulation on electric field profile. Due to field peak
formed at drain side, avalanche ionization induced holes provide a supplement for base current of the parasitic bipolar. A
positive feedback of holes between the parasitic bipolar and avalanche is responsible for the SEB effect. Multi-implantation
radiation hardening technology is proposed to reduce PB region resistance and suppress parasitic bipolar opened, while
eliminate the impact on threshold voltage.
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Model
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Title: Total Dose and Single Event Effects on 16 Mbit Standalone Spin-Transfer
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Author(s): Anni Cao, Xin Li, Liang Wang, Jianpeng Zhang, Chunliang Gou, Liquan Liu,
Bi Wang, Xing Zhang and Yuanfu Zhao
Presenter: Anni Cao
Affiliation: Beijing Microelectronics Technology Institute
Title: The Synergetic Effects of Total Ionizing Dose and High Temperature on 180 nm
DSOI Technology
Author(s): Xu Zhang, Fanyu Liu, Bo Li, Siyuan Chen, Yang Huang, Jiangjiang Li, Jian
Jiao, Tianchun Ye and Jiajun Luo
Presenter: Xu Zhang
Affiliation: Institute of Microelectronics, Chinese Academy of Sciences; University of
Chinese Academy of Sciences; Key Laboratory of Science and Technology on Silicon
Devices, Chinese Academy of Sciences
Title: Design of Integrated Circuit Hard Defect Location System Based on Thermal
Laser Stimulation
Author(s): Wenjian Wu, Yingqi Ma and Minghui Cai
Presenter: Wu wenjian
Affiliation: National Space Science Center
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Author(s): Xinhuan Yang, Qianqian Sang, Chuanzheng Wang, Shuo Wang, Liang Wang
and Yuanfu Zhao
Presenter: Xinhuan Yang
Affiliation: Hangzhou Dianzi University

AP0119
Title: A Booth-based digital Compute-In-Memory Marco for Processing Transformer Model
Abstract: Transformer model has achieved excellent results in many fields, but because of its huge data volume and high
precision requirements, the traditional analog computed-in-memory circuit can no longer meet its needs.To solve this dilemma,
this paper proposes a digital computed-in-memory circuit based on the improved Booth algorithm.The 6T SRAM array stores the
multiplicand, and the multiplier is encoded by the booth encoder, and then, local computing cell (LCC) will read the
corresponding value from the array according to the encoding result.These values will be sent to the dual-mode shift and add
module for processing (DMSA).The proposed circuit achieved energy efficiency of 33.11TOPS/W. And the proposed circuit
achieved 1.92+ better energy efficiency compared with previous work.
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AP0136
Title: Total Dose and Single Event Effects on 16 Mbit Standalone Spin-Transfer Torque MRAM with 45 nm CMOS technology
Abstract: Magnetic Random Access Memory (MRAM) is regarded as one of the most promising memory solutions for space
missions since the storage mechanism of magnetic tunnel junction (MTJ) as the memory unit is naturally insensitive to the
radiation effects. For the application of MRAM with high reliability, the total dose and ion beam radiation response of a
commercial STT-MRAM is evaluated in this work. The results indicate that MTJ is inherently radiation tolerant, while the
peripheral circuit exhibits soft errors during ion beam irradiation. We analyze the single event effect (SEE) and look into the soft
errors caused by the single event upset (SEU). Finally, considering the special STT-MRAM architecture, possible inducements of
the experimental phenomena are discussed.

AP0138
Title: The Synergetic Effects of Total Ionizing Dose and High Temperature on 180 nm DSOI Technology
Abstract: The synergetic effects of high temperature and TID effects of H-gate DSOI are investigated under the TG-state bias
condition. The comparative irradiation experiments are subjected to identify the synergetic effects by separating
pure-temperature and pure-irradiation effects. Furthermore, the mitigated TID responses with/without back-gate compensation
are discussed. The results show that synergetic effects make threshold voltage degradation weaken for our devices with the
VSOI2 = 0 V during testing. It can be explained that the electrons will be more likely to tunnel into the oxides and compensate
the trapped charges with temperature rising. Besides, with the VSOI2 = -10 V, the common TID mitigation was observed under
room temperature and the synergetic effects can still be greatly compensated due to the electric field lines induced by positive
trapped charges terminating into the negatively biased electrode. It may enlighten us the high TID tolerance of DSOI can be
achieved in very harsh environments.

AP0161
Title: Design of Integrated Circuit Hard Defect Location System Based on Thermal Laser Stimulation
Abstract: Thermal Laser Stimulation (TLS) is one of the common technologies for failure analysis of integrated circuits and can
effectively locate resistive open and short defects in modern integrated circuits (ICs). This paper presents a scanning and
location system to detect integrated circuit hard defect based on TLS technology. It divides the scanning process into fast and
slow mode to balance the test efficiency and reliability. The system reduces the interference of the Seebeck signal to the
resistance signal by subtracting the Seebeck signal from the mixed signal at the test point. It also introduces the processing
methods of abnormal data under different conditions to help users quickly find defect points. The experimental results show
that the system can well locates the hard defects of integrated circuits.

AP0115
Title: A Reliable and Economical Test Method for Semiconductor Device Aging
Abstract: The introduction of new energy vehicles has increased the demand for highly reliable chips, which makes chip aging
analysis more and more important. Yet characterization of aging effects usually requires a large amount of test data, which
consumes both device and test time. Therefore, a dependable aging test method is proposed in this paper. By determining the
stress voltage for accelerated aging and corresponding test time according to the median degradation of device electrical
indicators in the pretest. Conclusively, the aging model obtained by fitting the NMOS device test data is simulated and compared
with the results of traditional test method based on the same aging time. It proves that the accuracy of this method and its
practicality while reducing the cost of aging test.
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Presenter: Hao Wang
Affiliation: South China University of Technology
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Presenter: Zhaoyu Zhang
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Nanjian Wu, Liyuan Liu, Yong Chen and Zhao Zhang
Presenter: Yixi Li
Affiliation: The State Key Laboratory of Superlattices and Microstructures, Institute
of Semiconductors, Chinese Academy of Secience
Title: A 27-29.5GHz 6-Bit Phase Shifter with 0.67-1.5 degrees RMS Phase Error in
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Author(s): Qin Duan, Zhi-Jian Chen, Fengyuan Mao, Yu Zou, Bin Li, Guangyin Feng,
Yanjie Wang and Xiao-Ling Lin
Presenter: Fengyuan Mao
Affiliation: South China University of Technology
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AP0045
Title: Frequency-Selective Limiting using Automatic Gain Control of Stagger-Tuned N-Path Filters
Abstract: This paper presents a linear self-adaptive N-path filter that can autonomously adjust its gain according to the average
rather than the instantaneous power level of the signals present in its passband. Instead of relying on a nonlinear limiting
mechanism, an automatic gain control loop adjusts the gain of a 4th-order filter by modulating the frequency separation
between its comprising 2nd-order filters to attenuate passband signals exceeding the loop programmable limiting threshold. The
proposed self-adaptive filter offers better performance in several aspects over prior adaptive filters. Simulation results using
0.18- µm CMOS technology demonstrate that the self-adaptive filter can provide a programmable limiting threshold level down
to –30 dBm that does not drift with the local oscillator frequency. Thanks to the piecewise constant gain, the proposed
autonomous filter provides an in-band IIP3 that is 3.6 dB higher than prior adaptive filters.

AP0056
Title: A 28GHz Current-mode Outphasing Power Amplifier with 23.3dBm Psat and 44.2% PAE in 40nm CMOS
Abstract: This paper presents a 28GHz high-performance power amplifier (PA) based on outphasing architecture in 40nm CMOS
technology. The current-mode outphasing PA with series Chireix compensation technique was designed for higher efficiency.
Current-mode summing over power combiner is adopted at the output of PAs without extra lossy power combiner. Several
layout optimization techniques are utilized to reduce parasitics and enhance quality factor of passive components. Post-layout
simulation results show that the PA achieves a saturated output power (Psat) of 23.3dBm with 44.2% peak power-added
efficiency (PAE), 6dB-power back off (PBO) PAE of 27.6%, 1-dB compression output power (OP1dB) of 22.3dBm, and power gain
of 17.6dB at 28GHz. The PA consumes DC power of 71.5mW and occupies silicon area of 0.58 mm2.

AP0130
Title: A 60-GHz CMOS Balanced Power Amplifier with Miniaturized Quadrature Hybrids Achieving 19.0-dBm Output Power and
24.4% Peak PAE
Abstract: In this paper, a 60-GHz CMOS balanced power amplifier (PA) is proposed. Two miniaturized quadrature hybrids are
utilized to realize power splitting and power combining. The compact hybrids can achieve good input and output matching
performances. Transistor-layout optimization is taken into consideration to boost the output power and improve the
power-added efficiency (PAE). The balanced PA is designed in 65-nm bulk CMOS and all the electromagnetic (EM) simulations of
passive devices are executed in the EM tool. Post-layout simulation results show that the proposed balanced PA realizes a
small-signal gain of 29.1 dB at 60 GHz with an 11-GHz bandwidth. With a 1.2-V supply voltage and 300-mW power consumption,
the balanced PA achieves a saturated output power of 19.0 dBm and 24.4% peak PAE at 60 GHz, which is suitable for 60-GHz
wireless systems.

AP0153
Title: A 0.006-mm2 6-to-20-Gb/s NRZ Bang-Bang Clock and Data Recovery Circuit With Dual-Path Loop
Abstract: This paper presents a compact broad-bandwidth dual-path loop clock and data recovery (CDR) circuit with a low jitter
to support the non-return-to-zero (NRZ). A charge-sharing integrator is adapted in the I-path to decrease the step size of
frequency adjustment for the low jitter of the recovered clock while maintaining a small I-path capacitor. Designed in a 40-nm
CMOS process, our CDR can operate from 6 Gb/s to 20 Gb/s while only occupying a core active area of 0.00612 mm2. The
simulation results indicate that the proposed CDR achieves 0.573-psrms recovered clock jitter with a 7.7-mW power at 20Gb/s.
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AP0156
Title: A 0.004-mm2 0.7-V 31.654-µW BPSK Demodulator Incorporating Dual-Path Loop Self-Biased PLL
Abstract: This paper presents a low-supply binary-phase-shift-keying (BPSK) demodulator based on an area- and
power-efficiency phase-locked loop (PLL) for wireless power biomedical implants with high-quality factor (Q) coils. The dual-path
loop self-biased PLL is proposed to reduce the area of the integral capacitor and is insensitive to the process, voltage, and
temperature (PVT) variations. Hence, our PLL can be designed with a wide loop bandwidth to increase the maximum input data
rate of the demodulator. Designed in a 40-nm COMS process with a tiny core area of 0.004 mm2, our BPSK demodulator merely
consumes 31.654 μW with a 0.7-V supply voltage. Simulations show that our BPSK demodulator can deliver at the maximum
data rate of 847.5 kb/s operating at a 13.56-MHz carrier frequency under different process corners.

AP0184
Title: A 27-29.5GHz 6-Bit Phase Shifter with 0.67-1.5 degrees RMS Phase Error in 65nm CMOS
Abstract: A 27-29.5GHz 6-bit switch-type phase shifter (PS) using 65nm CMOS process is presented in this paper. The PS
incorporates 6 series phase shift bits to realize the relative phase shift varying from 0° to 354.375° with a step of 5.625°. Novel
design approaches for phase shift bit and bits cascading sequence are proposed to improve the bandwidth and the RMS phase
error. The post-layout simulation results show that the PS exhibits an ultra-low RMS phase error of 0.67°-1.5° and RMS gain
error of 0.63dB-0.8dB from 27GHz to 29.5GHz. The input and output return loss are both better than -10dB and the core size is
0.90×0.35 mm2.
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AP0126
Title: RRAM Computing-in-Memory Using Transient Charge Transferring for Low-Power and Small-Latency AI Edge Inference
Abstract: RRAM-based computing-in-memory (CIM) can potentially improve the energy- and area-efficiency for AI edge
processors, yet may still suffer from performance degradations due to the large DC current and parasitic capacitance in the cell
array during computation. In this work, we propose a new CIM design leveraging the transient-charge-transferring (TCT)
between the parasitic capacitors in the high-density foundry-compatible two-transistor-two-resistor (2T2R) RRAM array, which
can perform DC-current-free multiply-and-accumulate (MAC) operations with improved energy-efficiency, reduced latency and
enhanced signal margin. The concept of TCT-CIM is silicon demonstrated using a 180nm 400Kb RRAM test-chip, which has
achieved 7.36 times power reduction compared to the conventional scheme and measured read access time less than 17.22 ns.
AP0135
Title: A 22-nm FDSOI 8T SRAM Based Time-Domain CIM for Energy-Efficient DNN Accelerators
Abstract: In memory computation for Deep neural networks (DNNs) applications is an attractive approach to improve the energy
efficiency of MAC operations under a memory-wall constraint, since it is highly parallel and can save a great amount of
computation and memory access power. In this paper, we propose a time-domain compute in memory (CIM) design based on
Fully Depleted Silicon On Insulator (FD-SOI) 8T SRAM. A 128x128 8T SRAM bit-cell array is built for processing a vector-matrix
multiplication (or parallel dot-products) with 8x binary (0 or 1) inputs, in-array 8-bits weights, and 8bits output precision for DNN
applications. The column-wise TDC converts the delay accumulation results to 8bits output codes using replica bit-cells for each
conversion. Monte-Carlo simulations have verified both linearity and process variation. The energy efficiency of the 8bits
operation is 32.8TOPS/W at 8bits TDC mode using 0.9V supply and 20MHz.

AP0139
Title: Pipelined Computing-in-Memory Macro with Computation-Memory Aware Technique
Abstract: The frequent memory access caused by speed mismatch of computation and storage has become the performance
bottleneck of AI accelerators, known as “memory wall”. Computing-in-Memory (CIM) reduces redundant data interaction by
integrating storage and computing units, and becomes a promising candidate for solving this problem. This paper proposes a
digital CIM macro that works in pipeline mode to reduce extra multiplication cycle. A novel weight driving circuit with
fine-grained ping-pong operation that avoids the computation halt caused by weight updating. The released BL and BLB ensures
computation and SRAM access can work simultaneously. the peak energy efficiency is 19.78 TOPS/W at 22 nm technology node,
8-bit width and 50% sparsity of input feature map.

AP0104
Title: A Quantization Model Based on a Floating-point Computing-in-Memory Architecture
Abstract: Computing-in-memory (CIM) has been proved to perform high energy efficiency and significant acceleration effect for
high computational parallelism neural networks. Floating-point numbers and floating-point CIMs (FP-CIM) are required to
execute high performance training and high accuracy inference for neural networks. However, none of former works discuss the
relationship between circuit design based on the FP-CIM architecture and neural networks. In this paper, we propose a
quantization model based on a FP-CIM architecture to figure out this relationship in PYTORCH. According to experimental results
we summarize some principles on FP-CIM macro design. Using our quantization model can reduce data storage overhead by
more than 70.0%, and control floating-point networks inference accuracy loss within 0.5%, which is 1.7% better than integer
networks.
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AP0154
Title: A 55nm 32Mb Digital Flash CIM using Compressed LUT Multiplier and Low Power WL Voltage Trimming Scheme for AI
Edge Inference
Abstract: In this work, we proposed a digital flash computing-in-memory (CIM) architecture using compressed lookup-table
multiplier (CLUTM) and low power word-line voltage trimming (LP-WLVT) schemes. The proposed concept is highly compatible
to the standard commodity NOR flash memory. Compared to the conventional lookup-table (LUT) multipliers, CLUTM results in 8
times reduction on the area cost in the case of 4-bit multiplication. The LP-WLVT scheme can further reduce the inference power
by 14%. The concept is silicon demonstrated in a 55nm 32Mb commercial flash memory, which can perform 4-bit
multiply-and-accumulate (MAC) with a throughput of 51.2 GOPs. It provides 1.778ms frame shift when running TC-resnet8
network, which is 5×more efficient than the previous works. The CLUT-based digital CIM architecture can play an important role
to enable commercial flash for highly-efficient AI edge inference.

AP0203
Title: An Energy-Efficient Mixed-Bit ReRAM-based Computing-in-Memory CNN Accelerator with Fully Parallel Readout
Abstract: Computing-In-memory (CIM) accelerators have the characteristics of storage and computing integration, which has the
potential to break through the limit of Moore's law and the bottleneck of Von-Neumann architecture. However, the
performance of CIM accelerators is still limited by conventional CNN architectures and inefficient readouts. To increase
energy-efficient performance, optimized CNN model is required and low-power fully parallel readout is necessary for
edge-computing hardware. In this work, an ReRAM-based CNN accelerator is designed. Mixed-bit 1~8-bit operations are
supported by bitwidth configuration scheme for implementing Neural Architecture Search (NAS)-optimized multi-bit CNNs.
Besides, energy-efficient fully parallel readout is achieved by variation-reduction accumulation mechanism and low-power
readout circuits. Benchmarks show that the proposed ReRAM accelerator can achieve peak energy efficiency of 2490.32
TOPS/W for 1-bit operation and average energy efficiency of 479.37 TOPS/W for 1~8-bit operations when evaluating
NAS-optimized multi-bitwidth CNNs.
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AP0127
Title: A High-Speed NTT-Based Polynomial Multiplication Accelerator with Vector Extension of RISC-V for Saber Algorithm
Abstract: Saber is a module-learning with rounding-based post-quantum cryptography (PQC) scheme for key encapsulation
mechanism (KEM). It is characterized by the use of power-of-two moduli, which makes all modulus reductions free in hardware.
However, such a decision prevents the direct implementation of the asymptotically fastest number theoretic transform (NTT) for
the time-consuming polynomial multiplication in Saber. To efficiently multiply polynomials, researches have been done using a
schoolbook or Toom-Cook or Karatsuba algorithm. Though these approaches result in decent operating speed at moderate area
cost, they are disadvantageous when considering expanding the system to support multiple PQC protocols. To enable NTT for
Saber, we choose an appropriate prime and use the sign-magnitude format for computation. A concise and efficient vectorized
NTT algorithm has been proposed, based on which we design a configurable vector NTT unit to perform NTT and other
arithmetic operations. The accelerator is dedicatedly pipelined to achieve high speed and is driven by custom vector instruction
extension of RISC-V. We implement the proposed architecture with vector lanes of 32 and 16 under TSMC 28nm technology.
Results show that our design can achieve up to 5x and 3x improvement in computation time and area-time-product (ATP)
respectively for degree-256 polynomials multiplication, compared to the state-of-the-art Saber polynomial multiplier
counterparts.
AP0160
Title: Lightweight and Efficient Hardware Implementation for Saber using NTT multiplication
Abstract: Although Saber is no longer a candidate in the fourth round of the National Institute of Standards and Technology
(NIST) just-announced post-quantum cryptography standardization process, Saber’s lightweight and high-speed hardware
implementation is still of research interest and could be applied to digital signatures. During the process of encryption and
decryption, the most time-consuming and resource-consuming module is polynomial multiplication. Most of the previous
research used Toom-cook or Karatsuba multiplication. In this paper, we will use the saber-unfriendly but fast NTT multiplication
and a switchable butterfly computing module will be used in the polynomial multiplication process to improve speed and reduce
the number of registers used. Our design provides a good balance between frequency and area consumption which only uses
2247 LUTs, 327 FFs, and 6 DSPs, and is capable of high clock frequency on FPGAs by 327MHz.

AP0169
Title: High Efficient Architecture of Polynomial Multiplier with variable parameter Based on 2KNTT
Abstract: Polynomial multiplication often consumes a lot of time in hardware implementation in the underlying operations of
Lattice-based post-quantum public-key cryptography algorithms. The paper analyzes the fast implementation of number theory
transform algorithm in polynomial multiplication operations and proposes a 2n-th unit root preprocessing fast number theory
transform algorithm architecture that adapts to the hardware implementation. In order to reduce computing time, the
architecture uses parallel processing of small bit-width number theoretic transformation and low-complexity computations.
Taking into account the characteristics of the algorithm, the overall computing architecture adopts an eight-way parallel design
model. Based on this, we design a reconfigurable computing architecture and control structure to meet the requirements of
different terms and modulus. Under the CMOS 65nm process, a set of polynomial multiplication operations with the smallest
parameter (n=256, q=3329) can be completed in 420 cycles within 0.378 μs and the area time product is 26(kGE·μs).

AP0200
Title: High-Speed and Low-Complexity Modular Reduction Design for CRYSTALS-Kyber
Abstract: In the process of NIST post-quantum cryptography standardization, CRYSTALS-Kyber (Kyber) was selected as one of the
first four candidates to be standardized for its strong security and excellent performance. Towards the computation-intensive
modular reduction operation of Kyber, this paper proposes a high-speed and low-complexity modular reduction algorithm based
on the signed number representation and the proposed Fast Look-Up Table (FLUT). FPGA experiment results demonstrate that
our design costs nearly 25\% fewer hardware resources and 25\% shorter critical path than the state-of-the-art reduction design
for Kyber. Moreover, the computational complexity of Inverse Number Theoretic Transform (INTT), a primary function of Kyber,
is reduced using the property of our reduction algorithm.
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AP0157
Title: A High Throughput and Configurable Pseudo-random Number Extension Generator for Lattice-based Post-quantum
Cryptography
Abstract: Pseudo-random number extension and hashing limit the time for encryption and decryption in multiple latticebased
post-quantum cryptography (PQC). Keccak is a crucial part in pseudo-random number extension and hashing, being the most
restrictive module. With the requirement of highperformance, it is important to implement a configurable Keccak core with
flexibility and high throughput. In this paper, a novel structure of high throughput pseudo-random number extension generator
is proposed. The method utilizes two-stage series round function circuits to reduce cycles in half. And benefiting from combining
the ρ, π, σ, and ι steps into a single step in the Keccak, the logic resource overhead is reduced. It can be configured to support
multiple sampling strategies including central binomial distribution and rejection. This work is implemented on ZYNQ UltraScale+
FPGA platform with the highest throughput of 11.7Gbps. Compared to related works, the high-throughput and configurability
make the proposed pseudo-random number extension generator suitable for various lattice-based cryptographic schemes.

AP0183
Title: Better Security Estimates for Approximate, IoT-Friendly R-LWE Cryptosystems
Abstract: This work explores the effect of approximation on ring-learning with errors (R-LWE) based public-key cryptography
(PKE). Lattice-based problems such as LWE have proven popular as alternatives to current PKE systems in a post-quantum world,
with one such scheme taken up for standardisation in the NIST’s post-quantum cryptography standardisation process (Kyber). In
modern society, Internet of Things (IoT) applications and devices have become ubiquitous. Often, they are not secure, and with
quantum threat looming on the horizon, R-LWE could provide a solution. R-LWE based schemes come at a high cost, making
them challenging to implement on IoT devices that require low energy, low area, and efficient cryptography. Approximation
could aid in lowering the necessary power and memory by removing some of the complexity in R-LWE. This work provides
improved security estimates for an earlier presented approximate R-LWE scheme (AxRLWE), that explores the approximation via
truncation of the Gaussian distribution samples values and using an approximate modular multiplier. In addition, this work
calculates an effective failure rate for different truncation levels of 2 medium level R-LWE parameter sets and finds a truncation
of 2-bits to be the best balance between security and approximation.
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3022
Title: A Dual-Mode Neural Stimulator with Two-Step Charge Balancing Scheme for Fast Residual Voltage Compensation
Abstract: Recent advance in bi-directional neural interface requires miniaturized neural stimulator for implantable applications.
Charge balancing circuit is needed to minimize residual electrode voltage after stimulation, hereby avoid tissue damage in
long-term usage. This manuscript proposed a dual-mode neural stimulator with charge balancing circuits. With combined
continuous current and discrete current pulse compensation techniques, the compensation time is minimized without
degradation of accuracy and hardware overhead. The proposed system is implemented in a typical 0.18 μm HV process, with
integrated high voltage generator. The stimulator was able to deliever 14.4 V pulse and 3 mA current. Compared with
conventional charge balancing method, the implemented system achieved 50% compensation time saving with power
consumption lower than 18 μw and final residual voltage lower than 7 mV.
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1977
Title: A 41-nW SAR ADC with a FIA-based Comparator and a Bulk-driven Latch for ECG Applications
Abstract: This paper presents several innovative low power techniques to design an ultra-low power SAR ADC for ECG
application. Body driven (BD) or biasing (BB) techniques are used in bootstrapped switches and SAR logic to minimize leakage
power consumption. In addition, we propose a dynamic comparator with a floating inverter amplifier (FIA) architecture with a
modified strong-arm latch a BD input stage to reduce the noise and offset by reducing the noise current and eliminating the
influence of common-mode input voltage. Lastly, the VCM based switching scheme allows a fixed common-mode input voltage
swing, relaxing the offset requirement of dynamic comparator. The proposed SAR ADC is implemented in a 180nm CMOS
process. The whole ADC consumes 41nW at a sampling rate of 10kS/s under a supply of 0.6V, obtaining the ENOB of about 10bit
and resolution of 10bit.

2949
Title: An Automated Impedance Enhancement Biopotential Recording Front-End Based on Mode Change Calibration Loop
Abstract: Dry electrode interface provides convenient means for continuous biopotential recording, however it requires
frontends with high input impedance to maintain high SNR. This paper proposes a mode change calibration loop (MCCL) for
automated input impedance enhancement of capacitively-coupled instrumentation amplifiers (CCIA). To compensate all
parasitic capacitors seen at the input nodes which limit the input impedance performance, the MCCL precisely adjusts positive
feedback capacitors and automatically converges towards the ideal value. Active shielding is also integrated for cancelling
parasitic capacitors outside the chip. Implemented in a typical 0.18-µm CMOS process, the post simulation result shows that the
front-end consumes 4 µA and achieves 1.8 µVrms input-referred noise over 0.5–100 Hz. After calibration, 20 GΩ input
impedance at 50 Hz was achieved.

9799
Title: Fast-transient Capacitor-Less LDO in 0.18μm SOI Technology
Abstract: Based on 0.18μm SOI process, a fast transient capacitor-less is designed. An LDO with 1.6-2.3 voltage input range,
0-100mA load and 1.5V output voltage is designed. The circuit includes a bandgap reference circuit, a folded structure error
amplifier, a super-gm source follower, an active capacitor circuit and an output power stage. Simulation results show that the
proposed LDO is stable over the full load range, with a worst-case loop gain of 85dB and a PM of 87deg. This design achieves a
load regulation of 3μV/mA, a linear regulation of 9mV/V and a PSR of -33dB. The transient simulation results show that the load
jumps from 0 to 100mA in 1μs, the overshoot voltage is 57mV, the undershoot voltage is 112mV, and the settling time is <1.5μs.
The quiescent current is 32μA when the LDO is on, and 630nA when the LDO is off. The temperature characteristic of this circuit
is 8ppm/℃, and the circuit layout area is 0.063mm2.

196
Title: A 14-bit Pulse-Width Modulation Digital-to-Analog Converter for Industrial Sensors
Abstract: Sensors for industrial generally monitor slowly changing variables and output data in relatively lower throughput.
Therefore low speed and low-cost data converters have their advantages. Pulse-width Modulation Digital-to-Analog Converter
(PWM DAC) meets the requirements of industrial applications. It has the advantages of ease to access and low cost and is not
sensitive to semiconductor processes. This paper presents the design of a 14-bit PWM DAC, where a delay line with 625ps
resolution is integrated to allow higher DAC resolution without raising the clock frequency.
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6789
Title: Gate-Driverless Wireless Power Transfer Circuits: a Gallium-Nitride (GaN) Colpitts Oscillator Compared with Its Silicon
Counterpart
Abstract: The paper reports a comparative study of wireless power transfer (WPT) circuits implemented using a gallium-nitride
(GaN) transistor and its silicon power transistor counterpart. The Colpitts oscillator is adopted for building the WPT circuits and
no gate driver circuit is required. The circuit topology allows the simultaneous use of an inductor both as the load at the drain
and for inductively coupled WPT. To further minimize power dissipation in the circuit which has a low enough oscillation
frequency, a capacitive voltage divider is used to bias the gate of the transistor. Operating at a supply voltage of 15 V and 1.8
MHz, about 70% of wireless transmission efficiency is achieved in both implementations of the WPT circuits. While the GaN
implementation is slightly more efficient than the silicon counterpart in the WPT, the performance is not much better, despite
the superior GaN transistor properties. Considering the significantly higher cost, GaN transistors have no preferential advantages
for WPT circuits over the conventional silicon counterpart, especially when operating at a voltage well below the breakdown
voltage. Silicon power transistors are more cost effective in WPT implementations that do not require high power density.
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129
Title: A 12.87-dB Gain 10.5-dBm OP1dB 60-to-66-GHz LNA in 0.15-μm GaAs pHEMT Technology
Abstract: This paper presents a V-band low noise amplifier (LNA) implemented in a 0.15-μm Gallium Arsenide (GaAs)
pseudomorphic high electron-mobility transistor (pHEMT) technology. The LNA adopts a three-stage common-source (CS)
topology. Each transistor has a bias circuit, and the microstrip-line inductor is used to realize the input noise matching network,
the interstage, and the output matching network. Circuit simulations show that our LNA scores a 12.87-dB small-signal gain, the
3-dB bandwidth ranges from 60 GHz to 66 GHz, and the current consumption is 30 mA under a 5-V supply voltage. Its noise
figure is 5.9 dB, and the output 1-dB compression point is 10.5 dBm. The chip area is 1.32 × 1.5 mm2.

8588
Title: A pico-second timing system on a chip (SoC) for Magnetostrictive displacement sensors (MDSs)
Abstract: Based on the Wiedemann effect, Magnetostrietive Displacement Sensors (MDSs) can measure displacement without
contact so that it is free of wear. Therefore, compared with other displacement sensors, the MDSs has a longer service life and is
more adaptable to harsh environments. The MSDs are getting more attention and are widely used in industry control system.
Precision time interval is the key aspect of the MSDs. In this paper, a pico-second timing system on chip (SoC) is designed in a
180 nm CMOS process for the MSDs applications. SoC is proposed for the MSDs applications. The chip integrates a high speed
comparator and a time-to-digital converter (TDC) to build a fine time measurement chain. A 32-MHz microcontroller unit (MCU)
realized by RISC-V core with two-stage pipeline is realized for system control. Test results show that the comparator temporal
noise is around 1 mV and the TDC achieves a resolution of 156 ps.

113
Title: Hardware Implementation of Approximate Fixed-point Divider for Machine Learning Optimization Algorithm
Abstract: Division operation is necessary for many applications, especially optimization algorithms for machine learning. Usually,
a certain degree of loss is acceptable in calculating nonsignificant intermediate variables for a considerable speed improvement.
This paper proposes a specialized divider to accelerate machine learning optimization algorithm implementation on hardware.
Inspired by the fast inverse square root algorithm, we designed a hardware implementation method according to the algorithm,
which generates an approximate division result with conversion between floating-point and fixed-point numbers and
multiplication. This paper includes three versions of divider: fastDiv_accuracy, a conventional design with a 65% delay and
minimal error compared to delay-minimized standard divider from the Synopsys DesignWare library; fastDiv_area, an
area-oriented design with a 33% delay and acceptable error compared to the standard divider constrained to the same area size;
fastDiv_speed, the fastest design with a 46% delay compared to delay-minimized standard divider. All these three versions can
be applied in deploying optimization algorithms in FPGA or ASIC design on demand.
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Title: Low-Power CMOS Local-Feedback Amplifier Using Dynamic Biasing
Abstract: This paper proposes a low-power CMOS local-feedback amplifier. The local-feedback amplifier, which has been
proposed in [1], has two constant current sources for biasing. They determine the total power dissipation and depend on the
maximum amplitude of the input signal voltage. The proposed circuit uses dynamic biasing to reduce the power dissipation
when the input signal voltage is small. Results of computer simulations with MOSFET parameters of 0.18 μm standard CMOS
technology show similar performance to the conventional one even with reduced power.

114
Title: Multi-dimensional Parameter Fitting Method for Device Aging Modeling
Abstract: As semiconductor devices become smaller and smaller, device aging simulation plays an increasingly important role in
the overall circuit design. In recent years, the research of device aging modeling has gradually become the focus of researchers'
attention. Most of the current aging modeling methods only consider the degradation of one parameter, resulting in inaccurate
simulation of the model in actual testing. In response to this problem, this paper establishes an HCI aging model based on NMOS
devices, and focuses on the simultaneous degradation of the drain current in saturation region (Idsat) and threshold voltage
(vth) in the process of extracting model parameters. Simulation results show that this method can improve the accuracy of
device aging models.

134
Title: A 33-37GHz Two-Path Power Amplifier with >18-dB Gain and 26.7-dBm Psat in 150nm GaAs process
Abstract: This paper presents a GaAs power amplifier (PA). Through the theoretical analysis of the small-signal modeling and
large-signal analysis of GaAs transistors, the main influencing factors affecting the saturated output power and gain of a single
GaAs transistor are achieved. We develop a low-loss broadband matching by using T-type matching network technology. In
addition, the input matching network and the output matching network are used to realize power distribution, which solves the
problems of large area and high insertion loss of the traditional power divider in GaAs PA. The designed PA is based on a 0.15um
GaAs process. The simulation results show that our GaAs PA can achieve a saturated output power of 26.7 dBm and a gain of 18
dB in the range of 33-to-37GHz, the DC power consumption is 214 mA at a supply of 5 V, and the chip area is 1.0 mm × 1.45 mm.

75
Title: A design and implementation of a control circuit using a sensing network for a heat source
Abstract: A heat energy source with automatic control of supply can make it safer and reliable for users. In this study, networks
of sensors are proposed that can be utilized for detecting drastic temperature change to design a controlled and safe heat
source. As a feasibility study, experiments are performed to explore the effectivity of proposed network with circuit parameters.
An array of sensors—for the detection of irregular or accidental temperature deviation—is proposed for ensuring a safe heat
source through real time monitoring. The results indicate the potential of using the network with given constraints for use in the
control circuitry design.
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Title: A Simple Synchronous Architecture for Angle of Arrival Estimation based on Phase Interferometry
Abstract: In recent years, there has been a strong interest for low-power low complexity localization systems based on the
electromagnetic properties of the interacting signals. Reducing power and complexity are key requirements especially for the
fast-growing number of applications based on the Internet of Things (IoT) paradigm. In this paper we propose a novel technique
for the Angle of Arrival estimation based on phase interferometry. The technique is fully digital and synchronous and is major
advantage relies on its simple hardware implementation and its modularity. The approach was validated on a Cyclone IV E
EP4CE115F29C7 FPGA and showed very promising preliminary results.

70
Title: A 30% Power Reduction Circuit Design for NAND Flash by Utilizing 1.2V I/O Power Supply to Bitline Path
Abstract: This study proposes a low power circuit design for NAND Flash. Power consumption in bit-line (BL) path can be
reduced by 60% by utilizing 1.2V I/O power supply instead of 3V power supply, which contributes to reduction in the total power
during read operation of 30%. To prevent degradation in sensing margin, the sensing node is pulled up to an internal supply
voltage of 2V as used in the conventional design before starting sensing operation with an access time overhead of 2%. The
proposed design can be implemented in the existing interface because of no change in interface.

131
Title: A 32-38GHz Full-360º Low-Phase-Error 6-bit Passive Phase Shifter in 0.15µm GaAs
Abstract: A phase shifter is widely used in the phased array radar system and multi-beam antennas, which enables phased
arrays for beam scanning by changing the phase of the corresponding radiating element. Based on GaAs 0.15µm process, this
work researches and designs a 32-38GHz 6-bit phase shifter, which the overall size of the chip is 1.87 mm × 1.5mm. The
proposed phase shifter is designed using high and low pass filter types for 180º and 90º units. In order to alleviate the problem
of too large inductance and too small capacitance, this work uses Low-pass and bypass filter types for 45º, 22.5º, 11.25º,and
5.625º units. The RMS phase shift error of this 6-bit phase shifter is less than 4º.

58
Title: A dual mode SAR ADC with oversampling and dithering for extended accuracy
Abstract: This paper presents a 12/10/8/6-bit successive approximation register (SAR) analog-to-digital converter (ADC) which is
compatible with single-ended mode with only one set of SAR logic. Oversampling, dithering and dynamic element matching
(DEM) techniques are combined to increase both SNR and linearity to extend accuracy. The proposed ADC is implemented in a
110nm CMOS technology and the total area is 0.194mm2. At 1MS/s and VREF=3.3V, ENOB is 11.05b, SFDR is 89.91dB when the
input amplitude is 2.97V (-1dBFS) while consuming 742.6uW. The application of DEM helps improve the SFDR by about 4dB. The
measured DNL and INL are +/-0.65LSB and +/-1.14LSB respectively. At an oversampling ratio (OSR) of 64, the SAR ADC achieves
the ENOB of 13.5b and dither helps improve the absolute accuracy of the DC signal.

152
Title: A Grid-connected Photovoltaic System Under Non-Uniform Insolation Conditions
Abstract: This paper proposes an improved grid-connected system with PhotoVoltaic (PV) and battery storage under
non-uniform insolation conditions. We first develop an implementation of the system while considering Partial Shading (PS)
conditions. Next, we propose an improved PV Maximum Power Point Tracking (MPPT) algorithm, which have shown its
superiority for non-uniform insolation conditions compared to other MPPT algorithms. Finally, we validate the performance of
the grid-connected architecture by showing battery charging and discharging in situations of excess and deficient PV supply and
also the grid supplying to the load in case of deficiency in both battery State of Charge (SoC) and PV supply.
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