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A Conversation with Dr Ka Hong Loo
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Centre for Advances in Reliability and Safety (CAIRS) is supported by several
professors at The Hong Kong Polytechnic University as the research project
leaders. In this issue, we invited one of the project leaders, Dr Ka Hong Loo,
Associate Professor, Department of Electronic and Information Engineering at
The Hong Kong Polytechnic University who leads our research programs “Use
of Failure Models and Bayesian Method for Real Time Failure Prediction and
Uncertainty Management” and “Anomaly Detection and Syndromic
Surveillances” to share his experiences. Dr Loo's areas of research interest
include power electronics, renewable energy systems and solid-state lighting
technologies. He has authored or co-authored over 100 peer-reviewed journal
and international conference papers in these areas.

I What is your current research interest?

SERREY I R BB EE?

My research focuses on power electronics, which includes power circuits,
semiconductor devices and control design. Mainly power electronics is
concerned with efficient power conversion and supply of high-quality power
to electrical and electronic systems for their proper operations. For example, if
LED current is not well regulated, this will cause its light output to flicker. If the
supply voltage of CPU is not well regulated, its computational performance
will be affected, leading to computation errors. The application domain of
power electronics is very large ranging from mega-watt systems such as solar
farms to low-power systems such as handheld devices.
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INTERVIEW

fREE B B EBRNR AL 2 MG REE?

As users of electrical and electronic products in our daily life, we often have
high expectation for the safety and reliability of these products. From my
perspective, one simple way to assess the reliability of a product is to verify
whether it can perform its normal functions correctly under the operating
conditions that it is designed for. For example, we expect water kettle to stop
heating when the water in the kettle reaches a certain temperature, such as
100°C. If the kettle does not stop heating under the prescribed condition, then
we will think that the kettle is not reliable because it is not performing its basic
functions correctly. Another example is autonomous vehicles. An autonomous
vehicle shall be designed to recognize the colors of traffic light and will take
appropriate actions corresponding to the colors. For example, slow down
when it sees amber color and stop when it sees red color. In addition, the
acceleration profile of the vehicle shall make general users feel comfortable.
On the safety aspect, the basic requirement is to ensure that a product will
cause no harm to its users. Going beyond this basic requirement, it is also
important to ensure that users "feel” safe when using a product. For example,
when a product gives rise to a high noise level during its operation, users may
“feel” unsafe although the noise will not cause any real danger to them.

I How do you consider the reliability and safety in our daily life?
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What are the opportunities you can see in coming years especially for power electronics?

ARSFELHEBNEFEE, RESEPLHEE?

| am interested in studying the reliability of third-generation semiconductor at
CAIRS. Silicon Carbide (SiC) and Gallium Nitride (GaN) are third-generation
semiconductor that have attracted a lot of interest in the recent years due to
their superior switching and temperature characteristics. In general, they
enable more efficient and more compact power electronics products to be
designed. While their price has decreased significantly over the recent years,
the long-term reliability of third-generation semiconductor still causes a major
concern before they are widely deployed in manufacturing power electronics
products. Here at CAIRS we aim to conduct in-depth reliability-oriented
research on third-generation semiconductor and develop innovative solutions
for their online health monitoring and lifetime prediction using Al techniques.
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89 Figure 1: Efficiency of SiC and Si wind turbine converters
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WH. Zhang and L. M. Tolbert, “Efficiency Impact of Silicon Carbide Power Electronics for Modern Wind Turbine Full Scale Frequency
Converter,” in IEEE Transactions on Industrial Electronics, vol. 58, no. 1, pp. 21-28, Jan. 2011, doi: 10.1109/TIE.2010.2048292



INTERVIEW

What is the challenge on reliability of power electronics?

BHETHNHREETRE CEEHEE?

Temperature fluctuations encountered in semiconductor devices, including
third-generation semiconductor, during their operation constitute the major
reason for their failures. Post-failure analysis often shows that degradation in
packaging materials due to temperature fluctuations is the main reason
causing these failures. As different packaging technologies and packaging
materials used by different semiconductor manufacturers, it is difficult to
generalize the findings obtained from one device to other devices. As a resullt,
a large number of aging tests and post-failure analysis must be conducted
which is very time consuming. Moreover, in order to apply Al techniques to the
condition monitoring and lifetime prediction of semiconductor devices, a
large amount of training data must be collected in advance for mapping
different failure causes to failure effects which requires a significant amount of
time and manpower.
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Figure 2: Example of Cross Section SEM image of the aged device @
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Please share the ideas of application on how to consider the reliability for such development.

HEOEHMAE R RIERE.

On feature discovery, it is essential to identify the main aging or failure
pre-cursors of third-generation semiconductor by means of accelerated
aging tests and device characterization in different aging stages. Knowledge
of these pre-cursors and the trends of their variations over the course of
aging will provide the basis for developing accurate lifetime model using Al
techniques which will enable us to predict the remaining useful lifetime of
third-generation semiconductor-based power electronic systems when used
in combination with some innovative non-destructive online health
monitoring methods. The continuous monitoring of the essential health
parameters will also enable us to detect any anomalous conditions
accurately and timely and trigger the shutting down of the malfunctioning
systems before catastrophic failures occur.
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EF.Yang, E. Ugur and B. Akin, “Evaluation of Aging's Effect on Temperature-Sensitive Electrical Parameters in SiC mosfets, " in IEEE
Transactions on Power Electronics, vol. 35, no. 6, pp.6315-6331, June 2020, doi: 10.1109/TPEL.2019.2950311
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WEBINAR ON “RELIABILITY ENHANCEMENT
OF ELECTRONIC PARTS, PRODUCTS AND SYSTEMS”
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Diganta Das, Vice chair of the standards group of IEEE Reliability Society, Sub group leader for the SAE G-19
counterfeit detection standards group, Dr. Michael Osterman of CALCE, Senior member of IEEE, Member
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RELIABILITY ENHANCEMENT OF
ELECTRONIC PARTS, PRODUCTS AND SYSTEMS

Guest speakers pose a group photo at the webinar.
EENRY EngElCETR



CAIRS HIGHLIGHTS
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Organized by "Centre for Advances in Reliability and Safety" (CAIRS), technical supported by Center for
Advanced Life Cycle Engineering (CALCE), collaborated by the Hong Kong Electronic Industries
Association (HKEIA), Hong Kong Electronics Industry Council (HKEIC) and supported by the Hong Kong
Institution of Engineers (HKIE), the Hong Kong Science & Technology Parks (HKSTP), the Institution of
Engineering and Technology (IET), Institution of Mechanical Engineers (IMechE) and Society of
Operations Engineers (SOE hong kong region), Webinar on “RELIABILITY Enhancement of Electronic
Parts, Products and Systems” was successfully organized on 25 March 2021.

In the Webinar, we have invited overseas and local professional experts, and renowned industrialist
included Dr. Diganta Das of CALCE, Vice chair of the standards group of |IEEE Reliability Society, Sub
group leader for the SAE G-19 counterfeit detection standards group who shared about “Unsupervised
Machine Learning Technigues in Prognostics of Power Electronics”, Dr. Michael Osterman of CALCE,
Senior member of IEEE, Member of ASME, IMAPS and SMTA talked about “Reliability Prediction of
Electrical Hardware". We have invited Dr. Stanislav Markov, Data Scientist of Meridian Innovation Limited
and Mr. Peter Ng, Vice President, Enabling Technology Group, ASM Pacific Technology Ltd. to share
"Reliability, Intelligent Perforrnance Monitoring and Lifetime Prediction of Thermal Imaging Sensors”
and “Enabling High Reliability Power Module” separately. Ir Prof. Winco Yung, Centre Director of CAIRS
delivered closing remarks for the webinar.

Besides, we will organize a Technical Seminar on “Artificial Intelligence - Transforming Products and
Impacting Safety & Reliability” at Function Hall, 1/F, 12w, 12 Science Park W. Ave., HKSTP on 18 May 2021.
We have invited local professional experts, and renowned industrialist to share their expertise in Al
application on transforming products regarding to safety & reliability. Moreover, a private and small
group Lab Tour will be offered to our guest.

For more information and details of the Technical Seminar or upcoming activities, please visit our CAIRS
website www.cairs.hk or follow our facebook #CAIRS.
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(From left) Ir Prof. Winco Yung, Mr. Peter Ng, Dr. Stanislav Markov
and Ir Richard Tse pose a group photo.
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CAIRS HIGHLIGHTS

ESURMERRRZSHE 0 (CAIRS)
HERSHERANELES FSIEBHTINEBRE)
CAIRS SHARES “SMART MOBILITY"” AND
“SMART MAINTENANCE"” AT MTR SOCIETY LINK VIRTUAL GATHERING

CAIRS was invited by the MTR to join MTR Society Link Virtual Gathering to share and discuss technical
issues and the future development on “Smart Mobility’ and “Smart Maintenance” on 20 Feb 2021. Ir Prof.
Winco Yung, Centre Director & Executive Director of CAIRS and guest of the Hong Kong Society for
Transportation Studies mentioned the Society Link Virtual Gathering which is extremely good and
useful for us to have a better understanding on the future development of MTR in smart transportation.
He added CAIRS and the research teams are looking forward to future collaboration with MTR as one of
the industrial partners of CAIRS's first batch with Hong Kong brands which represent safe and reliable
products and systems.
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Ir Prof. Winco Yung, Centre Director & Executive Director and teams of CAIRS were invited to
join a follow-up meeting chaired by Deputy General Manager - Train Services & System
Engineering Mr H K Chan for further discussion on collaboration on 10 March.
3H10H, CAIRS BERWITER TIZMERRHIR LM F AR AR RCHE BB RAR TIEMERLE
REFEH, sSmARERr EEERRTSMEPOZHNEE.
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ARTIFICIAL INTELLIGENCE -
TRANSFORMING PRODUCTS AND IMPACTING SAFETY & RELIABILITY

Date: 18 May 2021, Tuesday (10:00-17:00)

Venue: Function Hall, 1/F, 12W, 12 Science Park West Avenue, Hong Kong Science Park
Language: English

Admission Fee:  Free of Charge

Certificate for 3 or 6 CPD hours will be issued after attending the Seminar

PROF. EDWARD CHUNG
THE HONG KONG THE HONG LYTECHNIC UNIVERSITY

MR. TANG CHI WA, JEFF

DR. CHARLES CHEUNG

MR. HARRIS SUN

NVIDIA Al TECHNO!

ASM PACIFIC TECHNOLOCY LIMITED

RASPECT INTELLIGEMCE INSPECTION LTD. CENTER HK | NVIDIA

TIME TOPICS AND SPEAKERS
10:00-10:05 Welcoming Remarks
Prof. H.C. Man, Dean of Faculty of Engineering, The Hong Kong Polytechnic University
10:05-10:35 Topic: Reliability of Machine Learning Models, How safe is Al?
Dr. Haibo Hu
Associate Professor, Department of Electronic and Information Engineering, The Hong Kong Polytechnic University
10:35-11:05 Topic: Network Wide Traffic Volume Estimation and Prediction

Prof. Edward Chung
Associate Dean (Research), Faculty of Engineering, The Hong Kong Polytechnic University

11:05-11:15 Break

11:15-11:45 Topic: Future Edge Computing: Towards Distributed Intelligence for AloT applications
Prof. Jiannong Cao
Chair Professor of Distributed and Mobile Computing, Associate Director of UBDA, The Hong Kong Polytechnic University

11:45-12:05 Q&A

12:05-12:30
12:30-14:05 Lunch Time
14:05-14:10 Welcoming Remarks
Dr. CH Ng, Chairman of the Hong Kong Electronic Industries Association
14:10-14:45

Mr. Tang Chi Wai, Jeff
R&D Manager, ASM Pacific Technology Limited

14:45-15:20 Topic: Al-Powered Solutions for Improving Building Safety

Mr. Harris Sun,
CEO & Founder, RaSpect Intelligence Inspection Ltd.

15:28-15:30 Break
15:30-16:085 Topic: NVIDIA GTC 2021 Spotlights of Advanced Manufacturing and Predictive Maintenance
Dr. Charles Cheung
Senior Data Scientist and Deputy Director, NVIDIA Al Technology Center HK | NVIDIA REGISTER HERE
16:05-16:25 Q&A
16:25-16:30 Closing Remarks

Prof. Winco Yung, Executive Director & Centre Director of CAIRS

16:30-17:00 Showcases & Lab Tour in 19W 7
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