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(1) Summary of the impact

The PI collaborates with companies in Greater China to develop technologies in quantum dot (QD)
display used in TVs to suppress aging during the thermal curing process and non-emitting
recombination on the QD surface; and to reduce the leakage current of silicon carbide (SiC) power
devices used in electric vehicles. This is achieved via identifying and controlling atomic scale defects
that deteriorate the electrical and optical performance. The collaborations have yielded improvements
in QD light emitting devices, one of the smallest SiC chips in the world, reducing production cost,
and acquiring new markets for the company.

(2) Underpinning research

Defects in semiconductors play a crucial role in determining their electrical and optical properties.
Since 2000, Ling has been working in the fundamental research of defects, including: (i) defect
characterization and control in SiC material and devices [1-4]; and (ii) optimization of material and
devices via surface/interface defect state deactivation (‘passivation’) by hydrogen peroxide treatment
and rapid remote plasma annealing in hydrogen [5—-6]. In the period of assessment, Ling was involved
in two commercial exploitations of his research, namely QD display and SiC power devices.

(i) QD Display

This project is undertaken together with Prof. Shichun Su (South China Normal University) and the
Chinese industrial collaborator Tyanshine Photoelectric. The research was initiated by a grant of
RMBI million under the Technology and Innovation Committee of China (2016-2018). In 2018,
with investment from Tyanshine, Su set up a company in Shenzhen (Shi Jia Semiconductor
Technology Ltd) to further develop the products, while also collaborating with Ling. QD display is
an existing display technology that delivers the highest brightness and widest gamut. Photoemission
properties of QD is determined by the QD size and its surface/interface defect states. Ling advanced
the technology through optimizing the optical properties of the CdSe/ZnO core-shell QD by:

(a) Passivating the non-emitting surface defect states by remote hydrogen plasma treatment [5—6];
(b) Developing the novel two-step curing method of the CdSe/ZnO core shell QDs by ultraviolet (UV)
and thermal curing. Red light emitting QDs (RLQD) are firstly deposited onto the blue GaN LED
chip and encapsulated by thermal curing, followed by encapsulation of the green light QDs (GLQDs)
by UV curing. The UV curing improves the stability of green light QDs (GLQDs), and reduces the
QD agglomeration and detachment of surface ligand. Problems of aging and reduction of luminosity
caused by thermal curing is reduced by surface defect passivation and the introduction of metal
nanoparticles on the GLQD surface.

(ii) SiC Power Devices

SiC devices are now emerging as a promising power device for electric vehicles and power
inverter application. Ling was invited to be the Advisor of the Alpha Power Solutions (APS) Ltd,
which is a Hong Kong based company that focuses on SiC power devices.

APS is funded by the Hong Kong Innovation and Technology Fund Enterprise Support Fund
(ITC-ESS) with an amount of HKD20 million to perform SiC devices research. Ling, together with
his PhD student with studentship, and fully supported by APS, were involved in the project starting



from 2017. We found that the atomic scale vacancy defect is created in the Al-ion implantation
process for p-type doping. Furthermore the vacancy cannot be annealed out simply using high-
temperature annealing (1800 °C). The vacancy leads to a large defect-assisted leakage current, which
dissipates energy and hinders device performance. A recipe of multi-step annealing in a carbon-rich
environment was invented to remove the vacancy, leading to a new SiC technology capable of
reducing chip size and production cost.
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(4) Details of the impact

(i) QD Display

Perspective. A QD display delivers a colour range that is closest to what can be achieved with human
eyes, compared to other available technologies [link]. QD technology increases the colour gamut by
40-50% and is now the only technology in the proximity of achieving the BT2020 standard. QD
technology does not need major change to the conventional liquid crystal display (LCD) TV
manufacturing process and thus does not affect the supply chain and corresponding costs. This is
much more cost effective than other high colour gamut OLED technology. QD based displays are
expected to approach 100 million units by 2021 from the current 4 million units [link], and with the
market expected to grow from USD1.09 billion in 2017 to USD3.97 billion in 2023 [link]. China is
capable of manufacturing large quantities of electronic displays, but are mostly in the low-end market.
QD display technologies and related patents are largely monopolized by international manufacturers
such as Sony, Samsung, LG Electronics, and Toshiba; our work challenges these monopolies.

Technological Impact. To realize the QD white light emitting diode (LED), the surface defect states
of RL and GL CdSe/ZnO core shell QDs are passivated to optimize photoemission. Multi-layer
sensitized TADF QD white LED, new methods of two-step curing, and air-tight packaging of on-
chip QD white LED were invented. Two patents were filed with the National Intellectual Property
Administration, PRC in 2017 [1,2]. The QD white LED was sent to the China National Accreditation
Service for Conformity Assessment (CNAS) for accreditation, as according to the standards of the
International Laboratory Accreditation Cooperation (ILAC) and CNAS [3]. The emission of GL and
RL are precise (full width half maximum of ~32 nm for the green and red emission peaks). The QD
white LED has a colour gamut area of 109.71% of the NTSC standard gamut area, surpassing the
NTSC standard gamut area.


https://www.samsung.com/global/tv/
https://www.forbes.com/sites/johnarcher/2017/08/16/qled-not-oled-is-the-future-of-tv-technology-says-analyst/#2c068fe23a89
https://www.businesswire.com/news/home/20181206005464/en/Global-Market-Quantum-Dot-Displays-2017-2023-Analysis

Economic Impact. The joint research study between HKU, South China Normal University, and
Tyanshine Photoelectric was funded by a grant of RMBI1 million under the Technology and
Innovation Committee of China [4]. The industry collaborator, Tyanshine Photoelectric, is a Chinese
optoelectronic company that employs more than 200 personnel. The MOU with Tyanshine is attached
as [5].

With investment from Tyanshine, Su set up a company called Shi Jia Semiconductor Technology Ltd
in Shenzhen to further develop the commercial QD LED backlight module for TVs. Shi Jia invested
RMBI1.2 million, recruited four staff for the project, and collaborated with Ling in January 2018 (see
letter from Shi Jia [6]).

(ii) SiC Devices

Perspective. SiC devices are now emerging as a promising technology for electric vehicles (EV).
Capable of working at higher temperature and operating voltage, SiC devices have advantages over
Si in miniaturization, high power density, and energy efficiency. The SiC power semiconductor
market is expected to increase from USD400 million in 2018 to over USD300 billion by 2025 [link].
The Tesla Model-3 is the first commercial vehicle to use full SiC device solutions, while all other EV
makers are also working along the same direction [link]. Nevertheless, the main players of SiC
devices reside in the US and Japan (such as ST Microelectronics and Mitsubishi Electric) and the SiC
industry of Greater China is still at an early stage. The industry collaborator APS is the first company
in Greater China to use 150 mm SiC technologies to produce the first working SiC diode and also the
first company in Greater China to obtain both JEDES and AES-Q101 product qualifications on the
diode products.

Technological Impact. As spelled out in the Letter of Appreciation [7], the collaboration between
Ling and APS lead to the impacts of:

- ‘...weare able to come up a new SiC diode technology that helps us to reduce the chip size of our latest 1200V
20A SiC diode design to become one of the smallest chips in the world.”

- ‘...With the SiC diode implementation into power modules, the energy loss at high temperature operation
reduces and improves power efficiency.

Economic Impact. The collaboration between Ling and APS is mainly funded by the HKD20 million
grant awarded by ITC-ESS. A PhD candidate supervised by Ling fully funded by APS is involved in
this project. After graduating with a PhD, he is now working as a research engineer in APS. Moreover,
as spelled out in the Letter of Appreciation:

- ‘Assuch our cost is reduced by 30%.’

- ‘This product platform has now won a few contracts for the rapid growing SiC application in the DC EV quick
charger.’
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