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SKL-ADOT was founded in
September 2013 with the
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optoelectronic technologies.
We are very happy to report
that we have achieved our
goals for the ﬁrst year of
operation. This Newsletter
will document some of our
milestones and events. It is
our intention to publish this
Newsletter at least once a
year

to

keep

all

the

stakeholders informed.

SKL OPENING CEREMONY
26 September 2013

The Hong Kong University of Science and Technology
(HKUST), in collaboration with Sun Yat-Sen University,
established the "State Key Laboratory on Advanced
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Postgraduate Workshop on Display Research
21 August 2014

This workshop focuses on new display technologies and their applications on Low
Temperature Poly-SI (LTPS) Thin Film Transistors (TFTs), High Performance Organic Light
Emitting Diode (OLED), Oxide Thin Film Transistors (Oxide TFTs) Oxide TFT, Nano
Technology in Display, Ferroelectric Liquid Crystal Displays (FLC), Photoalignment,
Microdisplay - Miniature Silicon Displays for Magniﬁed View and Projection Display
Applications, LCD Measurement, LED Display and current research topics. The Best
Student Paper Award comprised a certiﬁcate award to the student author judged by the
organizing committee to have written the best paper and the best presentation
appearing in the workshop.
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1st International Conference on Photoalignment and
Photopatterning in Soft Materials
29 November - 2 December 2014

This newly established conference series focuses on photosensitive polymers (amorphous,
liquid-crystalline, uncross-linked and cross-linked) and molecular glasses, as well as derived
composite materials. In addition to fundamental science, an important topic was the
diverse technical applications of the photosensitive materials. The conference aimed to
bring together leading theoreticians and experimentalists to discuss in a congenial
atmosphere a controversial and unsolved issue of photopatterning in azo-containing
materials.
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InnoCarnival 2014
1-9 November 2014

China International Industry Fair 2014
4 November 2014
Dr. Michael Lee and PhD students Mr. Ken Tseng, Mr. Leo Ho and MPhil student Mr. Ronald
Ching have set up a booth in both InnoCarnival 2014 and China International Industry Fair
2014 to showcase their innovations on the
product “Electronic Shelf Label".
The bistable display can clearly display the prices
and reduce power consumption. The labels are
also wirelessly connected to the management
software. Thousands of the labels can be updated
simultaneously and remotely.

The system

enables clients to do strategic pricing to boost the
revenue and customer ﬂow. The electronic price
labels can be real time monitored to provide
customers

with

accurate

information

and

eliminate error. The system also helps saving
expenses e.g. time and manpower.
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Visit by Mr. Danping Yun,
Vice-Director of Development and Planning Division,
Guangdong Provincial Department of Science and Technology
8 May 2014

5|Pa g e

Visit by Prof. Chunli Bai, President of Chinese Academy of Science
18 November 2014
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Visit by Dr. Jianlin Cao,
Vice-Minister and Member of the CPC Leading Group,
Ministry of Science and Technology of the People's Republic of
China
5 December 2013
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Dr. Abhishek Srivastava has won the 2014 Michi Nakata Prize for
Early Career Achievements
29 June – 4 July 2014
Dr. Abhishek Srivastava, Research Associate of ECE, has won the 2014 Michi Nakata Prize
for Early Career Achievements, “For his innovative and pioneering contributions to highperformance liquid crystal electro-optic devices
using ferroelectric liquid crystals and the
nanotechnology of photoalignment. The proliﬁc
research activity in his early stage is believed to
promise his future career.” The awards were
presented during the 25th International Liquid
Crystal Conference held on 29 June - 4 July 2014
in Dublin, Ireland.

ECE Research Associate Dr. Michael Lee and PhD Students Mr. Ken
Tseng and Mr. Leo Ho have won Second Prize in the 2014 Inno-China
Entrepreneurship Competition
8 July 2014
ECE PhD graduate and Research Associate Dr. Michael Lee and PhD students Mr. Ken
Tseng and Mr. Leo Ho have won Second Prize in the 2014 Inno-China Entrepreneurship
Competition for their project titled "Bistable Display”. Together they developed the
product

"Electronic

Shelf

Label",

which

was

fabricated

in

SKL.
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Research Work by Prof. H.S. Kwok and Prof. V. Chigrinov's team was
reported in the Optics Letters of OSA
23 October 2014
The ECE research team led by Prof. H.S. Kwok and Prof. V. Chigrinov has published some
interesting work on new energy eﬃcient 3D display technology, which was reported in
the Optics Letters of the Optical Society (OSA). The paper is titled "Optically rewritable
3D liquid crystal displays" and co-authored by J. Sun, A. K. Srivastava, W. Zhang, L. Wang,
V. G. Chigrinov, and H. S. Kwok.

Prof. V. Chigrinov of ECE has published a book titled "Liquid Crystal
Photonics"
1 December 2014
Prof. V. Chigrinov of ECE has published a book titled "Liquid Crystal Photonics" (published
by Nova Science Publishers, Inc., ISBN: 978-1-62948-315-3).
Book Description:
Liquid crystal devices for photonics applications is a “hot topic” of research. This book
provides engineers, physicists, and designers with the most up-to-date descriptions of the
dielectric, optical, and viscoelastic properties of LCs; photonics applications; and the
knowledge to design better performing liquid crystal photonic and display devices (LCD).
The book gives the knowledge needed to optimize LC cell geometry, select proper display
conﬁgurations, and develop photonics LC applications.
The book is intended for a wide range of engineers, scientists and managers, who are
willing to understand the “hot” topics of LC applications in photonics and displays. Liquid
crystal physical properties, geometry of liquid crystal cell and characteristics of
electrooptical eﬀects to choose and/or to develop liquid crystal photonics devices with
optimal parameters are highlighted. Special attention was paid to photoalignment
technology for LC photonics and emergent display devices. University researchers and
students, who are specialized in the condensed matter physics and liquid crystal device
developments will also ﬁnd some useful information in this book.
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ECE PhD student Mr. Tao DU won First Prize in the Best Poster
Awards in the PhoSM2014 Conference
2 December 2014
The 1st International Conference on Photoalignment and Photopatterning in Soft
Materials: Basic Understanding and Applications (PhoSM2014) was hosted at HKUST on
29 Nov - 2 Dec 2014. In this conference, ECE
PhD student Mr. Tao DU has won First Prize
in the Best Poster Awards for his paper
titled "Specially engineered liquid crystal
polymer ﬁlm for 100% polarizer". There
were 26 poster presentations in interesting
or novel applications from various countries.
His supervisor is Prof. Vladimir Chigrinov.

Article by Prof. Abhishek Srivastava, Prof. Vladimir Chigrinov, and
Prof. Hoi Sing Kwok has been published on the SPIE Newsroom
22 December 2014
The article "Photo-aligned ferroelectric liquid crystals for modern photonics" by Prof.
Abhishek Srivastava, Prof. Vladimir Chigrinov, and Prof. Hoi Sing Kwok of ECE has been
published on the International Society for Optics and Photonics (SPIE) Newsroom.
SPIE was founded in 1955 to advance light-based technologies.
Serving more than 256,000 constituents from approximately 155 countries, the not-forproﬁt society advances emerging technologies through interdisciplinary information
exchange, continuing education, publications, patent precedent, and career and
professional growth. SPIE publishes the SPIE Digital Library, containing more than 400,000
research papers from the Proceedings of SPIE and the Society's 10 scholarly journals with
around 18,000 new papers added each year, and more than 195 eBooks from the SPIE
Press catalog. The SPIE Press publishes print monographs, tutorial texts, Field Guides, and
reference books. SPIE also publishes a wide variety of open access content.
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Poster by Prof. Vladimir Chigrinov, Prof. Abhishek Srivastava and
Collaborators from National Chiao-Tung University won Outstanding
Poster Award in 2014 Taiwan Liquid Crystal Society Conference
29 December 2014
The poster by Prof. Vladimir Chigrinov and Prof. Abhishek Srivastava from ECE, together
with Mr. Chia-Ming Chang, Mr. Hung-Shan Chen, Prof. Yi-Hsin Lin, and Mr. Yu-Jen Wang
from Department of Photonics, National Chiao-Tung University, Taiwan, R. O. C., has won
Outstanding Poster Award in the Conference of Taiwan Liquid Crystal Society, held on 19
Dec 2014. The paper is titled "A bistable negative lens by integrating a polarization switch
of ferroelectric liquid crystals with a passively anisotropic focusing element".
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A Smart AMLED Microdisplay Driver SoC with
Built-In 1.25Mb/s Visible Light Communication Transmitter
Prof. C. Patrick Yue
Department of ECE
This project has developed the ﬁrst active matrix LED (AMLED) microdisplay driver with built-in visible
light communication (VLC) transmitter. The wide quarter-VGA(WQVGA)display features 400×240 pixels
of 30~30μm2 blue micro-LEDs (μLED) on a single GaN IC ﬂip-chip bonded to the proposed driver SoC.
Pulse-width modulation (PWM) superimposed with on-oﬀ keying (OOK) modulation and a pixel driver
structure consisting of 3 transistors and 1 capacitor (3T1C) are employed to control the display grayscale
and modulate the μLED pixels with VLC data simultaneously. Implemented in 0.5-μm CMOS, the SoC
enables a microdisplay module featuring 4-bit grayscale at 100-Hz frame rate while achieving1.25-Mb/s
lensless VLC up to25cm.

Fig.1. Photographs of the SoC, the GaN μLED array and the smart microdisplay module.

(a)

(b)

Fig.2. (a) Diagram of the experiment setup for smart microdisplay module, and (b) the VLC link measurement setup.
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High-resolution3D Reconstruction from Photographs and
LoD3D Display/Rendering
Prof. Long Quan
Department of CSE

Three-dimensional high-resolution reconstruction hasmade great progress, but it has faced many
challenges due to the intrinsic ill-posed mathematical nature, and also to the loosely uncontrolled
imaging conditions.Yes, it has broad practical applications in consumer entertainment, virtual reality,
urban planning and 3D mapping.
At SKL, we have been developing technologies on high-resolution 3D reconstruction from photographs,
and promoting its applications in 3D mapping and smart cities. Built upon our previous 3D
expertisesdeveloped within SKL, we start with a quasi-dense based structure from motion, then we carry
out a structure-aware variationalreﬁnement approach to generate highly accurate 3D surfaces of
arbitrary topologies. Hierarchical Level of Detail (LoD) representation and displaying methods speciﬁcally
tailored to our reconstruction data are developed to speed up the high-resolution rendering. The
feasibility and the quality of the high-resolution 3D reconstruction and LoDdisplaying are evaluated in
large-scale real-world datasets.
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Printable and Flexible Carbon-based Electronic Devices
Prof. Zhiyong Fan
Department of ECE

Single-walled carbon nanotubes (SWCNTs) have been widely explored as a high performance channel
material for thin-ﬁlm transistors (TFTs) with high carrier mobility, low operating voltage, and solutionbased processing. In addition, SWCNT networks exhibit excellent mechanical ﬂexibility owing to their
inherently small diameters. As a result, various ﬂexible components including integrated circuits, displays,
and sensors using SWNT TFTs has been demonstrated. In order to enable large scale applications of CNTs,
printing technology has been proposed as a viable solution. However, the carrier mobility (<0.1 cm2
/(V•s)) and operation voltage (>20 V) of such devices have been limited by the nature of the printed
layers and the use of mixtures of metallic and semiconducting nanotubes as the active channel layer in
the past. Furthermore, the previously reported devices based on gravure printing exhibit non-uniform
patterns and the source/drain channel length, which could be as large as ~500µm, is largely inhibited by
the printing process, and thus also limit the performance of the printed CNT TFTs.
At SKL, we demonstrated fully-printed, scaled down source/drain TFTs on ﬂexible Polyimide substrate
based on 99% semiconductor-enriched CNTs by using “Drop-on-demand” inkjet printing process. In this
scheme, printed pattern is aligned by pre-printed marks. The source/drain channel length is designed to
be 50μm. Diluted Polyimide solution is used as dielectric materials and printed right onto the Gate
electrodes location, and S/D electrodes are printed followed after baking for Polyimide solution to
overlap the S/D channel. Besides CNT reduced Graphene Oxide (rGO) is also being investigated as the
printing material, our preliminary measurements show that the printed rGO material can function as
photodetectors.
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Electrically Suppressed Helix Ferroelectric Liquid Crystals (ESHFLCs)
Prof. Abhishek K Srivastava
Department of ECE

The latest demands of the optoelectronics industry, which has undergone drastic change in recent years,
include increasingly high-resolution displays and cost-effective photonic devices with reduced power
consumption. Ferroelectric liquid crystals (FLCs), which are capable of fast switching speeds at low
driving voltages, represent a promising candidate for the realization of such devices. However, due to
several limitations (e.g., geometrical, optical, and mechanical instabilities), FLC structures are currently
less popular than other LCs.
At SKL, we have recently developed a new FLC electro-optical mode (called as electrically suppressed
helix FLCs (ESHFLCs)) with good optical quality for FLCs by mean of optimized photo-alignment
technology. The developed ESHFLCs are characterized by high contrast ratio >10k: 1 at a driving
frequency up to 3 kHz under an extremely small applied voltage of 1-3 Volts and without any diffraction
lobes. Most importantly the ESHFLCs are completely shock stable unlike other FLCs. Therefore, it could
find application in modern LCDs like field sequential color displays (e.g. fig), various photonic elements
and has a potential to offer better alternative for the ADS/IPS/FFS based high-resolution displays.
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Photo-alignment Technology
Prof. Abhishek K Srivastava
Department of ECE
Photo-alignment is one of the most pursued technologies recently, in particular for the high resolution
LCD applications. At SKL we deal with material and technology for their advancement. Recently we have
shown the highest ever nano scale alignment with typical pixel size ~100nm. The Photo-alignment
technologies developed at SKL are characterized by1. Wide range of tunable anchoring energy depending on the irradiation (exposure) doses.
2. High Resolution
3. Low RDC and Image Sticking Parameter.
4. High Voltage holding ratio.
5. Good stability for photo and thermal exposure.
Based on these abilities ESHFLC ﬁeld sequential color displays and many photonic elements, e.g.
gratings, polarization converters, diﬀerent lenses have been developed at SKL.
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High Performance Poly-silicon TFTs Based on Metal-Induced
Crystallization in an Oxidizing Atmosphere
Dr. Wei Zhou, Dr. Rongsheng Chen
Department of ECE
SKL LTPS group has developed a method to improve the material quality of poly-Si thin ﬁlm formed using
metal induced crystallization (MIC). The annealing process required by the MIC is split into two stages.
The nickel catalyst is driven into the a-Si ﬁlm in a nitrogen atmosphere during the ﬁrst stage. The thin
native thermal SiO2 formation and generation of silicon interstitials were realized in an oxygen
atmosphere during the second stage. The defect density of the poly-Si ﬁlm is reduced due to the diﬀusion
of silicon interstitials to the grain boundaries. Thin-ﬁlm transistors fabricated on the resulting poly-Si thin
ﬁlm exhibit much improved device performance (~50% improvement of ﬁeld eﬀective mobility).
Stage 1

Stage 2

N2 annealing (hrs)

O2 annealing (hrs)

A (Control)

10

0

10

B

0

10

10

C

2

8

10

D

1

9

10

E

0.5

9.5

10

Sample

(a)

Total Annealing Time (hrs)

(b)

Fig. (a) Transfer and (b) output characteristics of the poly-Si MIC TFTs.
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Next Generation Photoalignment Material for Liquid Crystal Displays
Dr. Michael Chung Yung Li, Dr. Leo Tsz Kin Ho, Ken Man Chun Tseng
Department of ECE
We have successfully developed a photo-stable azo compound photoalignment surface for liquid crystal
devices. The azo compound material is passivated by using commercial photo-polymerisable liquid
crystal polymer. The alignment direction of the azo compound material cannot be reoriented once the
liquid crystal polymer is polymerized. Hence, the synthetic alignment surface is robust, highly
reproducible and has excellent stability. In addition, measurement results show the anchoring energy,
VHR and RDC of this new alignment surface are comparable to conventional polyimide. An in-planeswitching display fabricated by using the new alignment surface has shown response time less than 5ms.

Figure 1. An IPS display fabricated by using the new alignment surface

Figure 2. Measured TVC of IPS displays using the new photoalignment azo material versus conventional rubbed polyimide.
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Metal-Oxide Thin-Film Transistor and Its Application in Flat-Panel Display
Dr. Lei Lu
Department of ECE

Due to the outstanding properties, zinc oxide (ZnO) and its variant, indium-gallium-zinc oxide (IGZO) are
popular candidates for replacing the silicon-based materials for constructing thin-ﬁlm transistors (TFTs),
particularly in ﬂat-panel displays (FPDs).
Based on the studies on the annealing eﬀects on the properties of ZnO and IGZO, a new transistor
structure was proposed to fabricate the TFT with annealing-induced source and drain regions, exhibiting
good performance and notably reducing the cost. A room-temperature doping method of metal-oxide
was also proposed, signiﬁcantly lowering down the processing temperature of metal-oxide TFT and
potentially promoting the development of ﬂexible FPD based on metal-oxide TFT. The FPDs based on the
proposed metal-oxide TFTs are currently being developed.

The transparent metal-oxide TFTs fabricated on the glass substrate.

The transistor characteristics of ZnO TFT
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Perovskite Solar Cells the Way to the Mass Production
Guijun Li
Department of ECE
Perovskite solar cells show tremendous promising in propelling solar power into the marketplace. In our
lab, we found a way to well control the morphologies and demonstrated with high eﬃciencies of up to
15.2%. Furthermore, the reproducibility of the devices with a bilayer structure performed excellently well.
Our work was accepted and will be published by the Advanced Energy Materials. Meanwhile, we are
developing a perovskite fabrication method that would be potential for industrial production with lowcost, time-saving and easy scale-up.
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Quantum-Dot Light Emitting Diodes (QD-LEDs) Research
Yibin Jiang
Department of ECE
Investigation of electron transportation layer for inverted QD-LEDs.

In this work, the inﬂuence of electron transport layer (ETL) on the performance of inverted quantum dot
light-emitting diode (QD-LED) was investigated. ZnO ETLs fabricated from diﬀerent methods, including
sputtering, synthesis and sol-gel, was studied. The fabrication method of the ZnO layer for inverted QDLED has a large inﬂuence on its electroluminescence performance.

Optimizing the balance of holes and electrons in inverted QD-LEDs by inserting electron transportation
barrier.
In this study, the hole-electron balance of quantum dot light-emitting diodes (QDLED) was tuned in order
to achieve eﬃciency enhancement. This hole-electron balance optimization was realized by inserting thin
barrier layer in the electron transportation layer. Although the current density was slightly sacriﬁced
because of the electron blocking of the barrier layer, the charge balance was improved hence leading to
123% eﬃciency enhancement.
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Novel Structures and New Materials for Thin Film Transistors
Meng Zhang, Zhihe Xia
Department of ECE
Novel structures, such as bridged-grain lines, submicron-dot-array doped active channel and interlayer
formation between active channel and gate dielectrics, are invented and applied to generate highperformance and reliable poly-Si thin ﬁlm transistors (TFTs). By employing these novel structures,
device mobility and DC/AC reliability can be greatly improved. The test results reveal that the proposed
structures and related TFTs have great potential for system-on-panel applications. Besides novel
structures, new materials, such as ZnO:N, ZnO:Ti, ZnO:Hf, ZnO:Ti, ZON, ZnS, ZnOS and GaN, are also
studied and applied to fabricated TFTs.

Fig. 1 Transfer curves of control TFTs, bridged-grain TFTs and TFTs with dot-array doping.

Fig. 2 Transfer curves of solid-phase-crystallized TFTs with thermal SiO2 buﬀered Al2O3 gate dielectric.
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Optical Elements in Display
Su Pan
Department of ECE
Multilayer Silicon and Silicon Oxide Subwavelength Grating as a Reﬂective Polarizer in Visible Region
We proposed a novel reﬂective polarizer based on multilayer subwavelength grating. Its optical
characteristic is numerically investigated through ﬁnite diﬀerence time domain (FDTD) method. The
optimized results show that the reﬂectance of TE wave and transmission of TM wave can be as high as
90% with extinction ratio up to 103. Moreover, the proposed conﬁguration has wide angular ﬁeld and
large fabrication tolerance.

Figure 1. Schematic of cross section view of the proposed
multilayer subwavelength grating.

Figure 2. Optical characteristics of the proposed
polarizer in normal incidence. Transmission and
extinction ratio T(TM)/T(TE).

Nonspecular reﬂectors using one step spray coating for brightness enhancement in reﬂective displays
We proposed a novel method to fabricate nonspecular reﬂectors by spray coating system, which are
applied to enhance brightness near normal view direction when light is obliquely incident. Fabrication
parameters are optimized, and a 70 mm × 70 mm prototype is exhibited.

Figure 3. SEM pictures of cross section (a) 15 degrees (b) 20 degrees
(c) 25 degrees (d) 30 degrees

Figure 4. Comparison of nonspecular prototype with mirror
and white paper.Top view with light source at -30◦.
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