—— Qnnovatio
For Better Life

[
@
[
®
2018-2019
®
o






I PREFACE &5

Being a forward-looking comprehensive research university, The Chinese University of Hong Kong (CUHK) pursues
excellent innovative research with passion. Centre for Innovation and Technology (CINTEC) is pleased to share some
of the latest CUHK research results with you, which are contributed from various faculties and research units, such
as Faculty of Education, Faculty of Engineering, Faculty of Medicine, Faculty of Science, Institute of Space and Earth
Information Science, etc.

CINTEC is a technology transfer arm of CUHK under the Faculty of Engineering, we serve as a bridge between the
university and the industry, facilitate communications and collaboration between CUHK research teams and the
industry, as well as promoting innovation through technology transfer to the society.

If you would like to read an electronic version of the projects listed, please visit the website: exhibition.cintec.
cuhk.edu.hk/exhibition. Moreover, if you have any enquiries, please contact us by phone: (852) 3943 8221 or
email: enquiry@cintec.cuhk.edu.hk.

Thank you for your interest in the innovations of CUHK.

Prof. WONG Kam-fai

Director

Centre for Innovation and Technology
The Chinese University of Hong Kong
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Aldoscopist: A Real-Time Computer-aided Diagnosis

System for Cancer Screening during Colonoscopy

ARG B IREERENERET SR EHEZET R %

Colonoscopy is one of the most effective ways to prevent colorectal cancer.
It allows doctors to examine the colonic wall for polyp(s) and remove those
that are adenomatous. Nevertheless, two major difficulties are encountered
by endoscopists during colonoscopy: namely missed polyps and misclassified
polyps. To solve the issues, we develop a real-time computer-aided diagnosis
system for polyp detection and classification during colonoscopy. The system,
named Aldoscopist, displays the diagnosed result of each polyp to doctors in
real time and assists doctors in making instant decision of whether a polyp
should be resected or not. The ultimate goal is to make colonoscopy a safer and
more cost-effective procedure.

BB ER R EEBERE NG ELZ
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BRIEIRAERAE S - AT - RIREMNTELE
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Colorectal cancer screening with the proposed artificial intelligence diagnosis system

BERATEREEREGHERR

«  Built with advanced deep learning method and incorporated both spatial
and temporal information in the prediction model

- FARENFREBRBNETEEEIRMORER  ftARSYIEER - JEEEMTERN
MEEEN=EE &

« Tested with full colonoscopy videos collected from 300 patients and
achieved comparable results with a group of endoscopists

©  EremiE3002BEREIRIRAAIE TR - MOER S SREERTARAIRI D IR

«  Evaluated on two patients for real-time processing and displaying the results
- HMRBEETIRREE SRR BRI EE

Prof. POON Chung Yan Carmen
BEMEIR

Prof. MAK Wing Chung Tony
BHETHR

Prof. WONG Hei Sunny
=ER

Prof. LAU Yun Wong James
M e 6]

Endoscopy Centre,
Department of Surgery

SRR RAIRTIL

Funded by Innovation and Technology
Commission and Research Grants Council of
Hong Kong
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Automatic Screening of Primary Cervical Cancer
Using deep learning technology to automatically detect suspected cell
malformation in digitalized cervical smear

RH=ESENB LGRS
Emﬁﬁﬂgﬁﬁmﬁﬁmm TEARARE H E B LR

Cervical cancer is one of the most common cancers in women. Screening is EEERXERERWEEZ— - AW
the only way to detect and cure cervical cancer at the early stage. Therefore, |t REFEBEHS  SHREESEHAIE—TIR
we design a novel deep-learning-based method with convolution neural EBEISIREEEABMNERRIERE  FEI B
network to detect suspected cell malformation in cervical smear. Screening jayiE T EE B HIIEEMLRERSE
of digitalized cervical smear will be beneficial to precancerous cervix z|miEm@meE (LB (L= M2

detection, prevention and treatment of cervical cancer. B e e S LU S AR - B SR R
A& A= TEE

Detection and visualization of cancerous cells

EARRRERAI AT RIE
Prof. HENG Pheng Ann «  Thesystemisbuilt based on the convolution neural network of deep learning
FFRAR technology for Thinprep Cytologic Test (TCT) detection of cervical cancer
- AEIREREERSER Y EREREEEMEMAI Thinprep Cytologic Test
Department of Computer Science (TCT) Bl
and Engineering
AIEMEBHETESR

« Cervical cancer is screened by automatically detecting suspected cell
malformation with subtypes classified in digitalized cervical smear

Funded by Technology Startup ¢ RGBS HTE S PR - TR AR R
upport Scheme for Universities (TSSSU)

BAASBREARIEREFTEIEE

Collaboration with CluserTech Ltd and Bayer
AEBHEERHNSELIFR



3D-Printed Soft Robotic Hand for Rehabilitation
3DFTENEEE1E FR1E M IF

Stroke has been the leading cause of disability around the world. AlImost every
40 seconds there will be a new stroke case. The 3D-Printed Soft Robotic Hand
is designed for stroke-induced disability and hand disability rehabilitation. It
can be tailor-made to fit each patient’s hand. This light-weight robotic hand
facilitates both flexion and extension of fingers with spasticity and assist the
hand function rehabilitation training. It provides a personalized and affordable
solution for stroke rehabilitation training.

PREZZHE BUEENER— - 49401 E
B—EFEIESR  SDTENRIEERBMFR
EEPRATHFEHERALRETER
TR oiREEREFHRIESETE - EMRE
ISHER MM F I LU BN S E R A R R F
15 BB ENETFELERREN  BEERE
—(EalEMEAEREREREIRS R

Third generation of Soft Robotic Hand A stroke survivor grabbing towel with
SE=ERRE REME 3D-Printed Soft Robotic Hand
iR 5 52 FA3 DITENER B S BRI M SF M E D

«  Soft Robotic Hand can be personalized for patients, from children to adults,
according to the size of their fingers and palms

- HERBFREBSEFENFENRIESE TR Ea M FEEEIOER

«  Making use of the latest silicone printing technology, our soft elastomer-based
actuators support patients to control their hand muscles and effectively facilitate
hand function recovery

- EERMBIIENEM - FHFIAVE B REES S SEEBN R E G tFIROFERALA - B
BAFARKEEER

« To facilitate the relearning of upper-limb function, the Hand is intention-
driven using electrogram signals from the brain to the muscles

- RERRFERIESZIEREN BREEENEERIS RGN FEEE  FEE
EREBN(AIEAARIERI TG - (2 ERIEENRIRE

Prof. TONG Kai Yu Raymond
SRFHUR

Department of Biomedical Engineering

TMBETESR

Funded by CUHK Research Fund and
T Stone Robotics Institute
HPAREEE AR AR TR
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Novel Hybrid System for Fracture Fixation
Innovative Degradable Magnesium-containing Implant for Long
Bone Fracture Fixation

MEFTEEES R
AR R BB E AR R I R R A EY

Fractures take a long time to heal completely. Patients often have conditions, such
asosteoporosis, thatleads to decrease in healing potential. Our novel hybrid system
of Magnesium-containing implants provides an innovative solution to improve
the healing process and shorten the healing duration. The implant consists of a
modified implant, such as intramedullary nail (IM nail) or compression plate with
drill holes, and self-locking Magnesium (Mg) plugs. These implants are designed
based on modifications on commercially available implants to allow incorporation
of Mg components. Mg-containing orthopaedic implants would release Mg ions
which can stimulate and facilitate fracture healing.

BITERRREETETERS - MAEE
B|EEMEKR  MEERRS  GRIEEHTE
GiERE - HMINHE RS R A ERATFRES
BERiEY - RE—ERINAERRAERS
BRELFERESEE - EBMAZEERS
HIREY) - I B BRI M E AR
BirAEY RN R EE SRR
o BETES LIRENEBEAY - RAE
MEEND FEBEDP SRR M
ERIIEE-

Schematic diagram of the hybrid system after surgery: Mg plug (a) CAD model of modified IM nail; (b) Prototype of the hybrid IM
is close to the fracture site which the released Mg ions would be nailing system with insertion of Mg plug; (c) Mg plug
distributed to the surrounding tissue and promote fracture healing (a) ERBASTIELRY ; (b) R¥AETNRBASTIES RS SSAEYER
FiliEARSRRNTEE  EAEYHRI BTSN BHSRETE Hrp; (o) BEREY
AEREERE  (BEBITES

Prof. QIN Ling « Novel patented technology

R . SRR

Department of Orthopaedics and « Incorporating Mg with the conventional implants can enhance the healing

Traumatology quality of fracture

2 3| I g/\ PT--b = s =

RIS R RISERR . EEAAREEGNENESEARESE

Funded by Research Grants Council of « The degradation of Mg plug promotes bone formation and facilitates
Hong K°”9~ ) fracture healing

HREEAFTENSEN

- BREVEREARELEESNRNEITES

«  Our system enhances healing in patients with diaphyseal fracture, especially
for those with conditions that lead to decrease in regeneration potential

+ HFIMRFEEBBHEITNBEA FHIIRRREFEMEAMENB RS Z 8N

BARRISRIESERE



Smart Running Anklet Wearable
HREIES T

Running is a very popular sport. However, the injury risk is very high (around 70%
per year). Currently, the industry uses video analysis and instrumented treadmill
to assess runners’ gait. Video analysis is subjective and a lot of intrinsic parameters
such as force, energy and impact cannot be measured; instrumented treadmill
is available to measure these parameters but at a very high cost. Therefore, we
develop a smart running anklet wearable to provide a cheaper, easier and accurate
solution for physiotherapy clinics, gyms, running coaches and runners.

Our product can measure more than 10 biomechanical parameters and provide
real-time scientific biofeedback to reduce injury risk, improve running efficiency
and endurance through smart sensor and cutting edge Al technology. We
empower distance runners to run faster, further and injury-free by providing
customized suggestions and personalized training plan.

Smart Running Anklet Wearable App showing the breakdowns of the

BRI

running gait

BToTRSHEARER

Measure more than 10 running related biomechanical parameters such
as force, energy loss

AISEE 0BEMNESE - MER N - sEBIEKR

+ Analyze running injury risk and diagnose key issue in running form that
leads to injury and poor performance

«  DTAFRZEPES HZEHRRAMENREREE RS RIRNFEZSEE

«  Provide clinically proven biofeedback targeted to the problematic area
that can reduce injury risk by over 60%

- RAKIRREERE RN MR - TSR SR MREEE60% L

HEE—IEFEZHINAES) B SEE
IFES (BFEHNR70%) - BEFEFRBRIAS
ERREEDHTEN AT RIS REATIE SR DT
FIHMERZ - A8 VEITRENERD
RN BSE - REHRAEBFIER o]
ASETENESHBATSEFESE B
RSB ER - Al - FAMF S 7 ERer Sl -
DDA - 25 R - S HRRIEF
RHEEE  HENERNRRA SR

HPMERERSHHFRAA T EERER
ISR 0EEMNESH  MAHTFRFIS
SRS - BB AR - ERHREEA LR
EEAEARE TR B F IS ER - iR -

Scientific analysis in the app

ME{LRIEEZE DT

Prof. CHEUNG Chi Kwan Vincent
REHIHIE

Mr. CHEUNG Man Fai Ben
RERSE

School of Biomedical Sciences
e LR

Funded by Technology Start-up Support
Scheme for Universities (TSSSU)
HARSEREYIRIERERETE

Collaboration with The Hong Kong
Polytechnic University and The City
University of Hong Kong
BIESHEEEEETIARERN
HEMHAS



Portable Laser-Vibration Therapeutic Device

EE A CIREaEE

Population ageing has become a serious global issue. Many elderly suffer
from various health problems, such as arthritis and joint pain. Our project is
to develop a portable and user-friendly medical device for prevention and
treatment of knee joint degeneration diseases. The laser-vibration therapeutic
device consists of three technologies: low-level laser therapy, vibration and heat
therapy, which can help individuals to relieve pain, promote blood and lymph
circulation, and conduct simple treatment at anytime. The device will be used
for clinical rehabilitation in hospital. It can also be applied to people who need
to sit for a long time, such as at home, in the office or during long-distance flight.

AOBCEREREHNEERE -FFSEF
ASBEAFIRGEERRAEE - AR K FRAED
ERE EREETHRZE—ERSEANE
BB IRENARER - LIFRRG AR B RAED
RICMRRR - EER=TER MR : 55RA
B ISR ENE I RBNERE ERR
B~ BEMRAMMEREER - LRERETRHE
A - EREGEARBEERRR AR
ek NEARTEERD - WLEIR
BRTERRELTHAL

Prof. QIN Ling The Portable Laser-Vibration Therapeutic Device is small and light-weight (1709).
REHR It covers three treatments of retrogression which can improve the treatment
Mr. ZOU Li efficiency.

s EEBREARBISIAD IS (RE1705%) - BRSHETIREIARNN

REBRURRABR °
Department of Orthopaedics and
Traumatology

RIZSFHRRIBER low-level laser therapy

« Laser Therapy: use high range laser and low range laser which can provide

« EER - ERARIRRAVEBRH IR HEEHRE

Funded by Technology Start-up Support
Scheme for Universities (TSSSU)

HAABREARIEREMEEIER

«  Vibration: provide physical therapy and strengthen musculoskeletal joints
o IREMRE  REYE ARG B RAE

« Heat Therapy: maintain the temperature at around 42 degree Celsius
which is recommended by the U.S. Food and Drug Administration for

medical rehabilitation

- BERERTXERmENRETEREENERI2ER DU BERRRE



Portable Quantitative Phase Microscope

EENESHEMIR

Quantitative phase microscope (QPM) techniques have become an important
modality for quantifying live cell morphology and precision material (e.g.
semiconductor) metrology. However, conventional QPMis expensive, especially
for those in underdeveloped areas. The sensitivity of current microscopes is
poor when measuring transparent or thin samples. Additionally, most current
portable microscopes require an external camera, thus they are not compact
at all. To solve the problem, CUHK research team develops a new portable and
versatile QPM system. It can measure the dynamical deformations of both
transparent and reflective samples by combining both reflection mode and
transmission mode into one system. Current system has a lateral resolution of
1 um, field of view of 50um x 50pm , and height sensitivity of 2nm .

Portable quantitative phase microscope prototype Red blood cell testing result

ERIEN SRR RN MR R AR AT ARRERIAER

Our system uses a special interferometry technique to greatly eliminate noise
influence, thus, it can realize higher sensitivity and measurement resolution
IEAFERBHRAAB TR ANERRETE Mo EEESNEHENESE
AT

«  Not only high precision, low cost, our system is also compact in size (weighs
less than 1 kg), portable, and it can be further miniaturized and automated
in future

«  MEHERES- REMNME  BREDS (EEDR1AF) ~FE iRETE—S)E
=E2i]14

Oursystemis versatile. Forexample, itis able to detect defectsin semiconductor
chips, characterize micro-/nano-fabricated structures,image biological cellsand
tissues, etc. Even to be potentially used for blood screening in underdeveloped
areas

- FBER fIIIREIH SRR RIS - REM/MARRIEEE - EVESMMRAAERIK
&5  EEO RIS RIE MR

EEAMEME (QPM) BiEHRAa—TEE
SHSEHEAETEEME (M0HE8) 2
RNEES T B EHRESHEN MR
ERSR HhREICERER  milE
ER A EERR RENEERMENE
EHENME I L BRIASEEENENE
HEEIIEIEE - BRINAEE - #H¥1_ERG
w8 PR ERG R T B EYEE 2T

BEEEMNMREMIRARL - BiBRIgR MR
EHMRINESE—ERGD RGOS
ERNR STV RAVEREER: - Bal %R
A Tum pUtERIERATE » 50pm x 50um A94R
1530 2nm MSIEEEREREIE

Semiconductor chip testing result

SRR RER

Prof. ZHOU Renjie
BHZ7R3UR

Department of Biomedical Engineering

EMBEETREER

Collaboration with ASM Technology HK Ltd.
BIERHATEETERKERASE



Diagnosis of Malaria in Saliva via a new Biomarker:

The Activity of Plasmodium Topoisomerase |
M B R mZEER
— BRI — EREAEERIBEE

Infectious disease represents a major threat to global health causing millions of
human lives often due to late diagnosis and inefficient treatment. Many of the
currently prevalent diagnostics methods are not preferred in the clinics because
they rely heavily on pre-amplification or post-separation steps. Motivated by
the appeal of a sensitive, yet easy-to-assay, diagnostic approach, we have been
working on a new biomarker, the activity of pathogen expressed DNA-modifying
enzymes, for the diagnostics of infectious diseases. By using non-invasive saliva
as a sample, we develop a malaria point-of-care diagnostic kit to reduce duration
of diagnostic process and enhance efficiency. The technology can be applied in
diagnostics of malaria and other infectious disease.

Schematic of malaria diagnostics via plasmodium topoisomerase

EBEREN R EEI R EE

HRZERERTIARYURET  FRMEER
DERERSHERRIEE - FFZEAIERN
PEE AT ARER RSN R DR SEE
SR FRRENERE - SHAIRE - IR
RAZTEMNEMRCY — REEXR
ZEDNASEEBIEY: - LRI @RS
HYEZER - FIFAFER ARV IE R BRan - H IR
T RIRARBITERAVRZEN TR - LUR D R2
RRERENER - ERMOIRARER MK E
fib{E ARl -

Prof. HO Yi Ping Megan « Pathogen specific enzymatic activity as a novel biomarker for

fAITRF% malaria diagnostics
- HESEERRE MR

Department of Biomedical Engineering

EYEBETIEER «  Effective extraction and well-preserved enzymatic activity by confined

reaction in picoliters droplets

Funded by Danish Research Council and - BREMENE—MESNREREEEREYIETY

CUHK Start-up Fund

HAZERESRIRE NPT ARESEEERN « Catalytic reaction of enzymes offers an intrinsic amplification and
significant improved detection sensitivity

Collaboration with Aarhus University, Denmark - FIEEBSECRENFERAE  BEREE

BIEBHRABEIPEAE
«  High species specificity

- WERENS

« Ultrasensitive detection (0.06parasites/mL)

- EESURE (B=H0.06F%EY)

« Diagnostics based on saliva and direct pathogen detection

- EREREEREERSANE



Link Between ‘Fuz’ Protein Level and Neurological Disorders

New Treatment Paths for Neural Diseases

FuzE H7K Bt IE R f oZ BA £
BAB SR AR R AR S 1

Spinocerebellar ataxia type 3 (SCA3) is the most common form of dominantly
inherited ataxia. SCA3 patients often present problems with gait and balance,
blurred vision, and speech difficulties. The symptoms are progressive, and
to date SCA3 remains an incurable disease. Our research team has recently
discovered a novel pathogenic mechanism of the new function of Fuz protein
in inducing neuronal death for a group of rare genetic neuronal disorders,
known as polyglutamine (polyQ) diseases, including spinocerebellar ataxias
and Huntington’s disease.

Improper folding of a protein may result in cellular malfunctioning and lead to
diseases. Misfolded disease proteins (polyQ protein aggregates) are detected
in the deteriorating neurons of SCA3 and other polyQ disease patients. SCA3
polyQ protein aggregates perturb the function of Yin Yang 1 protein (YY1). In
neurons, YY1 functions as a repressor of Fuz protein (Fuz). When the function
of YY1 is compromised, the expression level of Fuz will increase. Once it
exceeds 2.5 times the normal level, it will trigger apoptosis, cause cell death
in neurons and eventually lead to neural diseases.

IMNEEHE=BERITBEN/ \MEEEPRE
RERN BEBRELSEAR  \ERETF
18 ~ SRERRH N FESNEEAVAEAR - ELLAEARDHE
ERIEBETINE « 2270 » ESARAARME
EEE=BNBENRE - PARERRE S
Rr—EERSERRER — BEaBRmRE
(FETEpoly QFRR) Rt - B3/ IKZEHRAE
SIEIRSEIRAE - BRIERFUZE TR S
TUSE TS ERFTINRE °
TEAER EREHFREBESJMMINERE
ST SEMETTINRERIE - T/ ISESRE
=RiEaHfthpoly Q&R - SHRBENKRE
B (polyQERESE) WEREFERRILH
I o NEERE=EMpolyQERRS
BEEFEYin Yang 1 (YY) ERMINEE-TE
TP YYIERRMFIFuzZERNER 2
YY1 ZJEMIIRERENEER  FuzEBmREK
TEGHE  —BEHIERKFEN2.5ER B
BERHETILT » 5| ERRTR

This finding demonstrates the function of Fuz in inducing neuronal death  Prof. Edwin Chan (2nd left, front row) and his research team

IR SSREARR Y FuzEE A TERA S S TTIE U S EIRFTIIRE

«  Ourfinding shows that the expression level of Fuz also increased
in Alzheimer’s disease

- RGRETENLE RN ES R UZERRE K LA MIER

+  Fuz-mediated apoptosis pathway plays some common roles in neurological

disorders
«  Fuz B AT B R UEENRRELEE RSB R R REREF

«  Weare now investigating the involvement of Fuz in other disease conditions,
and finding compounds that can bring Fuz upregulation back down to a

normal level

- BfSfEEmRFuzEREEMRRNEE  BTEESH—ESY dlERS

HIFuzZERREKFEMRREILESR

« This research will be a novel therapeutic direction toward polyQ and
Alzheimer’s diseases and make contributions to the advancement of biomedical

science research in neural disease biology

«  TAEASROIRERARPOlyQ R M ZL SRR ARV 6] - BB E MR AP E

MBS ERAZE

BRIEAEIR (ATHEAET) RERRER

Prof. CHAN Ho Yin Edwin
BRIEREIE

School of Life Sciences

BB

Funded by CUHK Gerald Choa Neuroscience
Centre, Research Grants Council of Hong
Kong and Chow Tai Fok Charity Foundation
P ASCKE S RB LR E BT
BEBAAREEEESER

Supported by Hong Kong Spinocerebellar
Ataxia Association

EEE |\ INERERET



Biogenesis and Function of EXPO and
Autophagosome in Plants

EYIEXPOA B KRS 4 AR a3 9 E Mt R EA T 5E

Autophagy is a well-defined catabolic mechanism whereby cytoplasmic
materials are engulfed into a double-membrane structure termed
autophagosome. Autophagy plays an essential role in quality control of
proteins and organelles, and protects the cell against pathogen infection or
other unfavorable conditions. During autophagy, autophagosome engulfs
and delivers proteins into the lysosome or vacuole for degradation and
recycling.

Our recent research programs have made a significant contribution towards
our understanding about unconventional protein secretion (UPS)-mediated
protein traffic and autophagosome biogenesis in plants. For example,
using the Arabidopsis Exo70E2 (AtExo70E2) as a marker for exocytosis, we
discovered a novel organelle termed EXPO (Exocyst-positive Organelle) and
a new UPS unique in plants. EXPO regulates protein secretion of the cell in
order to release antibacterial agents to the plant surface to protect it against
bacteria, viruses and infections.

3D transmission electron microscopy (3D TEM) is used to
reconstitute the 3D organization of abnormal
autophagosome-related tubular structures in atg9 mutant

RIBERERHE T AR SIS S A3 DIERL R Ratg 9ZREiR1EY)

BEERZ—ESBAEEE  AKRARE
MERERIEAERENERGEP-B
EEEHERENAREREPEEERE
R ofREMAR R RRERRNHMEE
T EEIKBRED AREERRERE
WS ELEX B ARERE S R AP LUE T AR A
BEIREE
EMRENREIFERENEOE D W
RS RS MRS E A S SRR E R
5N - BB E R 7T Exo70E2 (AtExo70E2)
{ERRENLERRIRECY)  BFESR r—ER5
EXPO (Exocyst-positive Organelle) #9%F
#HpEES - EXPOTILGRE —EEM P E BRI
IFEFEMELED W BRMEREEYR
- 2R ~ RS RINRERYIAE -

3D tomogram models show direct connection between the
abnormal autophagosomal tubule (green) and the Endoplasmic
reticulum (ER) membrane (yellow)

3D #ARR 7 BIERE/VE () EAERIR (H6) EEEENREGR

hARIEERBEIRESER

Prof. JJANG Liwen « Both EXPO and autophagosome play important roles in regulating plant
EBHE growth and development as well as plant response to environment

- EXPOMBEEIETEREENERZIBUAMRENN B EEEEAE
School of Life Sciences «  Contribution to our understanding about organelle biogenesis and function
iR EERR in plants

- BB FEHEYRRIRREM S RAITIRERIE AR
Funded by Research Grants Council of « Potential application in biotechnology for improving human health
Hong Koni . - HBEANERRRRNENENEEENRREE
HEERREESER

animations to be viewed in Virtual Reality (VR). We have developed a mobile app
which users could explore 3D plant organelles in a stimulating cell environment.

BISASEFRSHEREIR R EEiE So0EE MR T —EFHERER  ERFE
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High-Quality Metal Nanoparticles
SEEEEAMKTERN

The surface area per weight of nanoparticles is much greater than larger
particles. It allows nanoparticles to be more reactive to other materials. In
this project, we have applied high-quality gold and silver nanoparticles for
ultrasensitive drug detection and fabrication of smart windows.

Ultrasensitive Drug Detection

We develop a convenient, cost-effective solution with high accuracy to monitor
the concentration of toxic ingredients by fabricating substrates that are deposited
with these nanoparticles. Nanoparticles can significantly and precisely magnified
the surface-enhanced Raman spectroscopy (SERS) signals of any detected drugs
to identify their concentration. Our approach towards the ultrasensitive detection
of drugs can be generalized to the detection of any harmful chemical substances
that can be detected by Raman spectroscopy.

Smart Window Applications

We combine gold and silver nanoparticles with Vanadium Oxide to construct
transparent substrates that can control the transmission of near-infrared
radiation (NIR) as well as room temperature. The size and shape of our high-
quality nanoparticles can be precisely manipulated to maximize their ability of
interaction with light. Similar principle can be applied in solar cells to enhance
the transmission of NIR and improve the efficiency.

Long gold nanorods
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Gold nanoplates
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Cost-effective detection of toxic ingredients in food and common drugs with
high accuracy, such as malachite green, heroin, cocaine, amphetamine and
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Control of the transmission of NIR for smart windows to maintain the room
temperature at a comfortable level
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Available for mass production at non-cleanroom environment



Facilities such as door handles and elevator buttons in urban spaces are
constantly touched and show high levels of bacterial contamination. With
the advancement of touch screen and display technologies, interactive touch
system also becomes a part of our city. Adhesion and growth of germs on the
frequently touched surfaces are critical to the spread of infectious diseases. We
have been working on the incorporation of transparent photocatalytic thin films
into frequently touched facilities and devices. These thin films are able to harvest
both light originated from the devices and indoor light/sunlight for automated
photocatalytic and antibacterial effects without affecting the original function
and appearance of the facilities or devices. Application of photocatalytic thin
film on the facilities would be beneficial in minimizing the spread of germs
around the area.

Mechanism of photocatalysis

FeELIERRIRIE

«  Automatic sterilization
BEiES
+ Long-lasting
RA
Reduced use of harmful or irritating disinfectants

- EPEEFERNHMEESEIER

Applications: self-sanitizing door handles, elevator buttons, screen
protectors for touch screen kiosks, etc.

FIi& - 2P ~ IR T SR B mIs S

O e
EARZHIMTS - FIRFIF PEHIR SRS
ERTEHERSHRR  FEEEIEEEN
BERMBETERMNES  GEEKBRENE
B AEER T — 885 - RIREEEREMITE
MERELER BHSERRRE - HMLE
RS ERA ISR R e R R TE AR
MRE - ELHIRAMEEEERAKRBREN
FELA K ZEA RGN E IR S - L
EXBFRLECAIRERR LEAEEH
St IR BB SHITHEEF M E R R  BE
B R RE RIS ©

Photocatalysts as powders and thin films
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Large Scale Glacier Mass Balance Survey in High Mountains Asia

Mapping High Mountain Asia Glacier Dynamics with Bistatic Interferometry and

SAR Imagery Classification

[ HE2 i | k) IASEE S S SRS
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Glaciers, as an important part of the cryosphere, play an essential role in climate
change. The largest number of low-latitude and high-altitude glaciers in the world
are located in ‘High Mountain Asia’ (HMA), including the Tibetan Plateau, the West
Kunlun, the Karakoram, the Hindu Kush and Pamir. Due to inaccessibility and high
cost, in-situ observations have been performed only on less than 1% of the glaciers
in this region. We recently conducted the world’s first large scale glacier mass
balance survey based on remote sensing methods in the western part of HMA.

This project applied multi-mission satellite earth observation to invest vast glaciers in
HMA. Bistatic syntheticaperture radar (SAR) images are used to form topography and
to map decadal glacier height changes by comparing with the terrain data collected
in 2000. This research helps scientists understand more about the ‘Karakoram
anomaly’ The dataset provides important references for hazard prevention, such as
glacier lake outburst flood, glacier surging and glacier calving.

Glacier height changes at decadal scale in the Karakoram during 2000-2014. The
blue line indicates main ridge of the Karakoram and also the divide between
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Glacier mass balance of the Karakoram and
its surroundings during 2000-2014 (in terms

the Indus River basin and Tarim Basin of m w.e. (water equivalent) yr-1)
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Collaboration with University of Leeds, Institute
of Tibetan Plateau Research and Institute of
Remote Sensing and Digital Earth of Chinese
Academy of Sciences
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Unlike optical remote sensing which can be affected by clouds and high
albedo, radar technique applied in this project is not affected by cloudy
weather and also better in observing upper accumulation zones of glaciers
which are difficult to observe with optical techniques
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Technique innovated in this project has been applied to other continental
glaciers and to form high precision digital elevation models
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Scientific outputs provide essential data for regional climate, glaciology,
glacial-hydrology researches, and the prevention of glacier-related hazards
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Solution processed perovskite is a new generation thin film technology with
solution inks for photovoltaics (PV) and light emitting diode (LED), suitable for
application using printing and coating techniques. The world record photoelectric
conversion efficiency (PCE) of perovskite-coated PV lies between silicon solar cell
(first generation, 26.7%) and thin film solar cell (second generation, ~22%). The
luminescent properties, i.e. colour tunability and external quantum efficiency (EQE),
of perovskite-based LED are comparable to those of OLED. However, due to its
instability, the widespread commercialization of perovskite solar cells is hindered.

We developed a series of ligand-perovskite inks using “non-stoichiometric acid-
base reaction (NABR)” that reduce the efficiency-stability-scalability-cost gap
of PV/LED devices by half. The inks can be coated on substrates regardless of
whether they are rigid or flexible with high throughput. It can be fabricated
easily into scalable, flexible and ultrathin films, which is more competitive than
nonelastic silicon solar cells. This ligand-perovskite ink technology is promising
to be cost-efficiently utilised in the future PV/LED market and would be of great
interest to PV/OLED companies as perspective strategies for future development.

Solution inks for PV and LED
BARKBAERS - B TIHERISHAIESEK

«  Theuseoftheinkdependsonthefabricated deviceandthein-detail parameters
can be customised, for instance, 500nm thick film for high performance PV

solar panels and 50-100nm for LED devices

+  BRIESEKTEBAREE RS ERE K120, 500nmAvERERARSEREPVAEH

R 50-100nmAYERIRE AR LEDRE

The gas-solid reaction process and areactor developed by the team was able
to fabricate large-area perovskite thin film (5 x 5 cm?) with dense structure,

which substantially fostered their potential in commercial applications
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+ Advantages include the low-cost raw material, simple packaging technology,

high power conversion efficiency and switchable PV-LED functions
BREUEERANEM. BERHEEIN. S/ESIENERMPV-LEDI&INEE



Organic thin film transistors are the basic components of soft, low-cost, wearable
organic electronic devices. By combining sensory electrical output with easy
device fabrication, sensors based on organic field-effect transistors (OFETs)
can be integrated into biocompatible, wearable and implantable electronic
devices. However, one challenge for tailoring organic semiconductors in OFET-
based sensors is that introduction of reactive or binding sites usually impairs
charge transport pathways. In view of this, CUHK research team synthesized
hexabenzoperylenes with different functional groups. The unique self-assembly
of hexabenzoperylenes allows introduction of a variety of functional groups
to organic semiconductors without sacrificing charge transport pathways. The
research outputs provide a novel solution to manufacture OFET-based sensors
for highly selective and sensitive detection of chemical and biological species.

Schematic drawing of the sensor with the unique self-assembly
structure of organic semiconductors

BRERIEB BN ERF EERAREE
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Size of the sensor is similar to that of a coin

(B RUERAIA R AR

Can be customized to detect specific chemical and biological species in
aqueous solutions by tailoring hexabenzoperylene molecules through

BBCEEMRIEM SR AAL S FoILIFTRAFRIE R - K ERPRSELES

«  Demonstrate high selectivity and sensitivity to detect fluoride and streptavidin

Funded by Research Grants Council of

Hong Kong .
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(a protein) down to a concentration of 1x10° M and 3.6x10™"" M respectively
ARRHERFNESRNE (—EE0E) RRHERENERENRIFAEEM 68

BEAEESBEZET1X10° MF13.6x10" M
« Potential applications for food quality control, environmental monitoring

and medical diagnosis
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Conventional big data analytics systems (e.g.,, MapReduce, Dryad, Spark) are
designed to work in an offline, batch-based manner originally. All data needs
to be available in advance and will be processed as a whole. However, data is often
generated continuously and needs to be processed in real time, for instance,
network traffic data in telecommunication environment. To solve the problem,
CUHK research team develops AF-Stream, the novael big data online distributed
stream processing system. It provides a high-performance, fault-tolerant,
and generic analytics platform for various analytics applications, such as data
synopsis, stream database queries, and online machine learning. AF-Stream
realizes a novel concept called approximate fault tolerance, which reduces
the number backup operations to mitigate performance overheads for fault
tolerance maintenance, while ensuring that the stream processing errors upon
failures are bounded. To address diverse application needs, AF-Stream can easily
tune the trade-off between performance and accuracy with only few parameters.
Therefore, our technology is able to process more data and faster than other
systems without fault tolerance.

BEABIE ARG (HlsIMapReduce
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AF-Stream can easily tune the trade-off between performance and

System architecture of AF-Stream
AF-Stream IR #F 4518

Prof. LEE Pak Ching Patrick .
FHRBHIR

Department of Computer Science
and Engineering

AIEHMRIBETERR

accuracy with only few parameters
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Goal: large-scale, real-time analysis on continuous, unbounded data streams
Bif : KRR E R OIS SRR SR

«  Applications: network measurements (e.g., anomaly detection, flow size
distribution, failure diagnosis), data mining and machine learning (e.g.,

frequent pattern mining, classification, regression, prediction)

Funded by Innovation
and Technology Commission
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Collaboration with Huawei Technologies,
Noah's Ark Lab
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«  Users: telecommunication, IT service operators, big data analytics industry
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Candlestick is a summary of the daily performance of the underlying stock and
is completely determined by the open price, close price, daily high, and daily
low. Most technical analysis tools of stock market use it as a building block.
However, the noise within the intraday level may affect the use of the four
prices as a summary. Therefore, we employ empirical mode decomposition
(EMD) methodology to clean up the intraday market data and form a new
EMD-candlestick.

EMD-candlestick can replace traditional candlestick in a wide range of financial
data analysis. For example, it can serve as the signal generators in technical
trading strategies, including moving average, relative strength index, and
intraday and inter-day trading rules. Compared with traditional candlestick,
empirical results show that technical trading strategies are more profitable if
EMD-candlestick is used. EMD-candlestick for FinTech applications can facilitate
financial practitioners, algo-traders and investors to develop trading strategies.
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Traditional candlestick (left) and EMD-candlestick (right) of a stock from 4 January 2012

to 31 December 2012
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«  Profitability of our EMD-candlestick model significantly outperforms those
using traditional candlestick

- EMDEGSIREMEF ENPREEBREREREG SR SRR

Our model acts as a low pass filter to filter out the noise from the intraday
stock prices

DUEE Rk A AR S H IR EE S PR

« By applying deep learning technology on the technical indicator signals
generated from EMD-candlestick, we can formulate technical trading
strategies for users
ZEBICREEBRMEATEEMDREBREEMEERMSR L Mo RAFHEIE
KIS RS
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Approximately 250 million people suffer from color vision deficiency (CVD).There MR EBEAMMEATENEEAL REF—
exist methods that help colorblind people to distinguish colors via changing LiGZEIEEAEDEREHIEII - (BEH =&
the colors in the original images/videos. It is, however, not practical in sharing REREER BT ERIFEEGATIES
scenario where there are both CVD and normal vision audiences. Making use of @& A+ Stk itih R EE T - RMEFIET
stereoscopic display which offers users two visual experiences (with and without  3pgERERIEREES A4S (& _E3DIRE
wearing stereoscopic glasses), we propose the very first system that allows CVD  znrs3DRES) - B% TS EEES ALHE
and normal-vision audiences to share the same visual content simultaneously. 2B\ HE BB EIR S - BRI

A mobile application is also developed for CVD audiences to distinguish visual B AR RS & T — (B B e FIR

content in daily life.
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Input
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Original visual of CVD audience
EEALREAEIHNR

Visual of CVD audience after
image processing

EEALEREBEENYR

Can be applied in all 3D visual display device e.g. home TVs, movie theaters,
mobile screens
RN &TE3DERR R DIUNRER P - B RUNRFHE

CVD audiences wearing stereoscopic glasses will be able to distinguish the originally
indistinguishable colors when presented with computer synthesized binocular
images; while normal-vision audiences (without stereoscopic glasses) view the
monocular images which are visually no difference from the original image

BALZEB3DIRFHERBMEENEBRS  MoIADPHRAS AR T
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Ef%

Not only enhancing the image colour instantly captured by the device camera
for CVD audiences, the mobile application also allows normal-vision audiences
to understand the vision of CVD by simulating the visual experience

AR MET BRI ERBIIRSNREER  BMEEAERSEE  EoiEiie
BEALRBINFENR  BEEEEBALRZEEATHRE

Our method is extensively evaluated via multiple quantitative experiments and
user studies, with convincing results obtained in all test cases
E(bFHh A AR AR FRR PRI BT R SRR



With the advancement of digital photography technology, the demand for
cloud and local storage space is increasing. Image processing technology
nowadays can convert color images into grayscale ones and greatly reduce
the storage space required, however, original colour cannot be restored once
an image is converted to grayscale. We therefore develop a color conversion
system based on convolutional neural network. The system provides an
innovative method to synthesise invertible grayscale, which offers color-to-
gray conversion and grayscale-to-color restoration, to fully restore the original
colour of grayscale images. It can be applied in image processing industry and
cloud storage applications.
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Input image Invertible grayscale
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«  We propose a color-encoding learning model which consists of an encoding
network to convert a color image to grayscale, and a decoding network to
invert the grayscale to color
BMRE—TEEeRHENEEL R  SRBEGPHNEXEDRIBAS IR LG
IXPEE IR RS 7R

« The color image recovered by the system is visually the same as the original
image
- FIRRSRENTeTaENREREeR =R

Cloud and local storage space can be greatly reduced as the images are
significant compressed using Al-based grayscale generation and color
recovery technology
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Restored colour image
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The complexity of urban drainage systems and blockages may impose difficulties
and dangers in performing an on-site inspection and detection of hazardous
gases such as sulfur dioxide and methane in real-time, and even increase the risk
of flooding associated with adverse weather conditions. The underground has
been an extremely challenging environment for establishing a reliable wireless
sensing network. Making use of the manhole cover as a part of the antenna of the
communication module for transmitting sensor data, our team developed a first-
to-its-kind wireless network for the smart drainage system to provide real-time
information on drainage performance, the concentration of gases and water level.

Through the wireless signal transmission and big data analysis, the smart
drainage system enables frontline staff to take proper and timely action on
gas emission, illegal wastewater discharge, and blockage. The system offers a
creative and intelligent solution to city’s drainage management and promotes
smart city development in Hong Kong with minimal installation costs and
software requirements.

RAE RN TRERRE(LIERERM W
ERE P A TIRIRE T DI SRRV AR
BREE—EE—ENENRE  RES
HOsRES - A= SMLHR - BRSEUREHEIRA
ENREHEREE  MEREMRERIERTIEETE
FEMREEFEMAHEERIKER ST R
& BRI HEREmR RN —EM - i
ZHE|GESHKRG  BRERMTRE
EIEAUARREE » EHEDHAKGL ARSI -
BERGEEEENEBRAIEST T
EAESURFEHSEIRARRS Y « IR
AR RESHENER  BUFENR BN
KRKE - BIREBRIRSRIR - tAz8KM
RREMNEAL - R ERAMAHEERKE
4 Bt TREEERREH—ERIF - U

BERTE AHMEEERMAESH -

Prof. Wu Keli (right) and his research team
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Wireless underground devices installed in manholes

RIVHRRARGRARE

Each underground device in the current system could be equipped with up
to 5 different sensors to monitor the concentration of hydrogen sulfide (H2S),
sulfur dioxide (SO2), methane (CHa4), the change of water level, and to detect
the opening status of the manhole cover

SEREORkFHELEARNE RS  SRIEARIEE(H2S) - Z|EHR(SO2) ~ Bk

(CHa) ~ 7K b R H Z=RARAIARE

«  The manhole cover used to be a conventional obstacle to the propagation
of wireless signals due to the metal shielding effect, but the team has
changed its nature to an adaptably tuned antenna for a low-frequency
communication system so that the collected sensor data can be sent back
from a device inside a manhole to the based stations on a rooftop

«  MREBRRBERTELTN TEFOHERBER  RMICESRBERBREN—I
7 ISBIRE B RS RREREEMRAEREHELL

« The team has developed a very low power gas sampling device for gas

sensors to prolong their lifetime while operating in a very humid and collusive
underground environment to improve the durability and energy efficiency

«  HRERGRE T EEREEEHIANERESTRE ANt EREEREETE
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Collaboration with Drainage Services
Department and Logistics and Supply
Chain MultiTech R&D Centre
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Mountainous terrain covers 60% of the land area of Hong Kong, and landslides
may happen under conditions of continuous rainfall. Civil Engineering and
Development Department of Hong Kong SAR Government has been building
rigid concrete barriers and flexible wire-mesh fence along the hillside to protect
the residential area below. However, these barriers are often located at remote
area, making it difficult to perform onsite checks for accumulation of debris and
determine if debris exceed the capacity limit of barriers. Our smart landslide
detection system provides real-time monitor of terrain conditions, and real-
time alerts to the authorities concerned. The sensing devices are designed to
monitor water level, detect any impact when landslide debris hits the barrier
wall, measure the debris accumulation level inside the barrier, and detect any
inclination of the wire-mesh fence. The system performs steadily under extreme
weather conditions, demonstrating its ability to immediately notice any
landslide activity and protect residents.

+  Low power consumption

. (EFERE
« Low cost
{2

« Real-time detection of landslide impact on barriers
- EBREIILEERERHER RN E

« Durable and reliable

- fiFATISE
Flexible for deployment
HEEE

«  Effective detection and monitoring system to protect lives and properties
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The higher education sector has been facing with the growing need to integrate
technology into teaching and learning. A wealth and wide range of digital resources
have been produced in recent years by their teachers. These resources, targeting
at different users, ranges from learning objects on topics in specific disciplines
that cater for the needs of a small groups of students in a single class, functionality
tools that benefit all students in one institution, to courses offered in the platform
as Mass Open Online Course (MOOC) that attract learners around the world.

To enable efficient access to these resources, Knowledge and Education Exchange
Platform (KEEP) is introduced as a one-stop education cloud, such that all
the resources, particularly those developed by local educators can be easily
showcased, shared, searched, and made accessible to target users. KEEP also
supports innovative paradigms and communities establishment for teaching and
learning through its interactive knowledge sharing functions and data analytics.

KEEPCatalog KEEPSearch
Key features of KEEP:
KEEPEZEINRERHE:
Prof. KING Kuo Chin, Irwin .
EEIEHIR enhance learning effectiveness

EERFHER B EARERNMEEEN
BREFEER -AFHERERETIFES
ENEZNETER ELERBERR.
REFIRA MR PR R EEE T - B
BB TR LIERRIRFRRGR LRE -

BERM AR BRI HANENER
HTA (KEEP) - LURH— ISR E R &
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EFRINER SERFET HERE
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HETIF e C VP ke e C Lo
B

KEEPCourse

KEEPCourse: Easily create online courses and practice flipped classrooms to

«  KEEPCourse : #RioI A SERIAIZER FERT2 - ISR =R IBAEENR

Department of Computer Science
and Engineering .

RTERRIBETRESR

Dashboard: A hub for data analytics where you can know the teaching
effectiveness and student engagement for improving the teaching method

+ Dashboard : SrE8EEIE T HEREZABTHARBES IR - UFHESUEHE

Funded by The University Grants Committee
and participating universities .

HABRHEENERE NS ERREN

Collaboration with The Education University of Hong
Kong, The Hong Kong Polytechnic University, The
Hong Kong University of Science and Technology,
City University of Hong Kong, Hong Kong Baptist
University, Lingnan University and The University of
Hong Kong .

SIERHEEEEHAEAR - FEBET AR
BERRAR - FEBHHAR - FEREAR -
SEFAABREERS

EHREER

teaching and learning

SERARsE

KEEPoll: A real-time web and mobile polling service to increase student
engagement and improve teaching quality

+  KEEPoll : &4 LMRBTFINERIERA  BMMAEE ) ZAHBERIEBEEIR

«  KEEPCatalog: A showcase collection of the best-in-class tools and apps for

KEEPCatalog : SEZEHEB TR KRR RBIZATIRER - INEEBNER IR N E A

«  KEEPSearch: Search smartly for education resources and information

- KEEPSearch : &5 - Btk MR FRRAE IR R &R



Owing to the insufficient opportunities for English communication in daily
life, oral English is often a major challenge for students. Harnessing the mobile
technology and artificial intelligence (Al), we have developed a gamified
English vocabulary learning platform for students to practice the pronunciation
of English words. In accordance with the teaching curriculum and students’
English proficiency, teachers can create various vocabulary lists on the
platform. Then, students can conduct the gamified vocabulary pronunciation -
exercises with their mobile phones anytime and anywhere.

HREAREEPERARERANVEER
B SR EREEN—TREAMRE A
hE B ARERHEAA T EREARET
EEBLRERAREEYS  BREREMEE
REGERARMNEE - MEATTLURIBEER
BB ERREEKFREEFRREER

BT LEREtERAFRE TARRS

An easy-to-use platform for teachers to import vocabularies Students can practice English pronunciation through a mobile game
YR RBEESRNEETAMAGER BA T RFRIEE AR EEER

Offer students a user-friendly and engaging gamified learning environment
for practicing English vocabulary pronunciation
RBERH—ESHERNEBNER BRI REREAERS

«  Encourage students to read aloud English words

- BEBERBIFEREEE

+ Increase students motivation in learning English

- ERRYEEREEN

«  Promote students’ motivation in English learning

REREEEGEEN

Provide teachers with an authoring tool for tailor-making vocabulary lists for
their students
RHEMRHRIEBM IR  RBEESTERRER

«  Support anywhere-anytime learning

© ERERSREEAE

Allow teachers to efficiently assess individual students’learning performance
BN E Rt L B A B NEERIR

Prof. JONG Siu Yung Morris
HRBEHIR

Mr. LUK Tsun Hin Eric
FEEETEE

Mr. WONG Kin Kwan

Edputation Lab, Centre for Learning
Sciences and Technologies, Department
of Curriculum and Instruction

iz B R BT R BRI
Edputaion BER=E



Robotics and
Automation
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Integrated Thermal Energy Harvesting and Storage for
Autonomous Wireless Sensor Network

AR B EHRE RN RN EEEFEEARR

Wireless sensor networks (WSNs) are widely applied in our daily life, e.g. area #E4R{EREII44E(WSN )z FE AR F MM
monitoring, health care monitoring, air pollution monitoring etc. Development Hi4sEEd s GIAISEESH ~ ZEECH
of autonomous WSNs requires efficient integration of energy harvesting and  zeggisspesines o (3 M8 E RS2 T
storage technologies. Replacement of WSNs'batteries can be difficult as they are  mEmmzx e asEE RELELETE o
often of large-scale and it may also disrupt the continuity. Therefore, we develop BWSNSEZMEAE » EERWSNSEE
an integrated technology that can convert low-grade heat that naturally exists in S — (HERSE Y TAE » T L IR B TR E 88
buildings (e.g. solar heating, pipe lines, generators) to electricity to sustainably , Bt i 4 . »
B RlpyEE N - -

powerautonomousWSNs. Inthis project,integration of flexible, wearable thermal %ﬁ?\ fﬂ’; ol %ﬁﬁﬁ: ji%ﬁﬁi

. : . .l IS REE AR RS R EEEY
energy harvesting and storage are developed by (1) integrating thermoelectric e - o n
devices and rechargeable batteries using intelligent power management, and aﬂﬁaﬂaiﬁm’%ﬁ“lﬁ%ﬁ%%ﬁﬁ'ﬁﬁ

EMABAFERNRIREARE (K120 : KSHE

(2) by thermogalvanic devices.
hnzs ~ BEE - BEWERRE) B(LREEE
DB T B E R RS IHEER

Device prototypes of the system Flexible thermoelectric device for thermal

RS ERERE

Flexible intercalation based battery for

harvesting energy storage

Novel technology from the development of thermoelectric device and
rechargeable battery, to the design of power management circuit

RIFAER G - B RE M AREREE AR ERRET

Improve the system reliability of WSNs
RFAWSNs R4 14AE

Reduce the labor and cost associated with replacing hundreds or
thousands of batteries used in the WSNs

TS RW SN LR EMAIA DR RS

Enhance overall building efficiency by transforming waste heat into
useful power source

R RE R R SRR RS

Potential applications for building management, wireless sensors
development, smart city

OIEARAEERE. BRERERE. BEXE

PR A TP AV S SR T A

Prof. LU Yi-Chun
EtaEHIR

Department of Mechanical and Automation
Engineering

AT E | B

Funded by Innovation and Technology
Commission

FRIFAERZER

Sponsored by Intel Corporation and
Texas Instruments

HRERATI MM EIRER

Collaboration with Massachusetts Institute of
Technology and Hong Kong University of Science
and Technology

AR HEEMEE T ERAEERERAR



Development of a High-speed Stealth Laser Dicing

System based on Multi-depth Bessel Beams
BENZHREBEMICRUBENSEMICLEIRA

Conventionally, semiconductor wafer dicing is performed by blade dicing or
laser ablation dicing, where materials are mechanically removed or pulverized
in the cutting path, causing issues such as debris, contaminations, or damage
to the devices etc. CUHK research team develops a new high-speed stealth laser
dicing (SLD) system for processing wafer based on simultaneous application of
pulsed Bessel beams at different depths of a wafer.

SLD refers to a process that utilizes a laser beam to introduce defects
inside a semiconductor wafer for separating it into many small pieces with
better resolution, higher precision and speed. Moreover, enhanced process
compatibility, and minimized contamination and damage to the wafer are also
the advantages.

100um

EERNIREEIM L FEREREMUTIR
RYCHRR S ERETIRR  [RIEEIC
LIRS R PR B R R IR AN - B
BEEWRRE  SRUBIREF FHE - PAH
SERKER H RIF SRR A IR ZR 4
(SLD): ERIEEEMLR - BARETSRE
EXERRRE-

BRANEIZEFRHMAREEFSIREERN
0 BAREASERE  EBRERBEUE
HA RSB MATIEDE - W5 RREERE Y
IR R IR ESHEENZEE - L5t - B
ENEIMEREIRIN R FRE M - TR AEICH
RERERANEREERE -

650um

SLD prototype (including software, optical
system and motion system)
RAZHICNEIRRRE (BTG - S EBEE

FR®)

Prof. CHEN Shih Chi
BRIt TR

Department of Mechanical and
Automation Engineering

HmERETESER

Funded by Innovation and Technology
Commission

HRIFFHEREE

Collaboration with SAE magnetics (HK) Ltd.
SIEBARIMRERARAT

Cross section of 100um wafer diced by the Dicing result in 650um thick silicon wafer

dicing system prototype 650umEHRIERA TIEIRIR

RAEIRRRELIR LR R EELIE

Why Bessel beam?
RTERAEERNLR?

Bessel beam is a “non-diffracting” beam, where its transverse intensity profile
does not vary as it propagates, making it the ideal laser beam to perform laser
cutting. We applied multiple Bessel beams to perform the laser dicing process
in parallel, achieving higher throughput with both nanosecond and femtosecond
lasers. With the new beam, the SLD modified layer is many times thicker by one pass.

BEMARE—E [FELTE] SR HimmiaES h A HEEEEmEML  EEMBEYIE
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